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Abstract:[Objective]The Yichang area of Hubei Province is one of the important frontier areas of shale gas
exploration on the Middle Yangtze platform. Field investigation and drilling works in recent years show that the
Cambrian Shuijngtuo Formation in this area is a shale gas exploration target with great potential industrial value.
[Methods]Based on the latest borehole data in this area, the characteristics of high-quality shale reservoirs and the
hydrocarbon accumulation patterns are identified by means of multidisciplinary methods. [Results]The shale of the
Shuijngtuo Formation has high organic matter abundance, with TOC mainly distributed in the range of
0.56%~8.42%. Organic matter is dominated by type I11 and type I kerogen, and Ro equivalent value is distributed in
the range of 2.4%-~3.2%. Porosity and permeability values of shale reservoirs within the Shuijngtuo formation are
mainly in the range of 0.5% ~ 9.1% and 0.019 ~ 0.540x10-® um?. Reservoir pore spaces of shales within the
Shuijngtuo Formation mainly includes organic pores, inorganic pores and fractures. Occurrence of pore spaces is
mainly related to the enrichment degree of organic matter, the content of clay minerals and the development degree
of fractures. Natural gas is mainly attached to the shale reservoir in the form of adsorbed gas (45.21%~81.44%) and
free gas (18.56%~54.79%), and the proportion of dissolved gas is relatively small. The gas bearing property of the
shale reservoir is mainly related to the content of organic carbon, the proportion of brittle minerals and the degree
of fracture development. The higher the proportion of organic carbon, the proportion of brittle minerals, and the
degree of fracture development, the better the gas bearing property of the reservoir becomes. [Conclusions]Based
on the geochemical, petrophysical and field measurement data, this study concluded that the shale gas of the
Shuijingtuo Formation in Yichang area has great commercial value and is one of the ideal targets for shale gas
exploration and development in southern China.
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TURSAEN—F 2 AR M AR, SRR B A EER N, FE
TUE SR K AT Pk & JelfrBL (Zhaietal., 2018; Zouetal., 2019; Lietal., 2022;
e, 2023; XIMSINSE, 2023; A7AMS5E, 2023 ) , WM ULUA 2K B RHIE X E HEML
AT LA S 0UA M AT R A HAT R B8P R Fg R E.

WAL E B X R R EF R FE T R R R 2 — (YRS,
2005; 4fAfiEs%, 2010; H:J51E4, 2015; Liang et al., 2020; Zhang et al., 2020; Ji%E5%
%, 2020 , HEH, AERFEEADSCHIUAMZMHEREE, iy, TS
A dr P RIEAGIT R AT (CEENIRSE, 2017; DTS, 2019; VEFEMLSE, 2019; Duetal.,
2019) , FEAEE A HUTRIE LA T MR - o AR PRI . T MR SRR AE RN 4
PERRAE . KRR A ERAL 2R AE S5 5 T A T K BRI 78 T4 (5K UE4E, 2019; FFfE %
&, 2020; sRERESE, 2020 .

WAL E Bt XGRS R, TUESURAFESRAELE, 2T AE I 2 W 2R i B A B
PAER, AT XN e Z TR B S DR A 1812 3l HH o T8 I R RIS 45 R, Jediss REAR
DR TR, A AL AR A V3 1T DA S 2 T 2R, R R Dy ik B 46 T 3 el AR
EZBN, DU E B2 T SA MRS A8 B kA (FRARIESE, 2009;
Tang et al., 2016; FRERZISE, 2018) . fhéh, =St iz XA TReLeE T fE Gk
FE %, 2009) , KA BE R U0 K e 41 A B B AL R BE AR W B (R fEL— MR
2~3%) , MANIREE. TUAT WA FLBREERIFLIRGS ), DIKTUA R R EREE . Hh
JEE ISR R TUE A EER R (P, X% 2019; PRI, HREFEALE,
2019; FMEoTEE, 20205 dESE, 2023) o EIERSCERBFE R K IR A S S A X A
AATRE= HEMAMERARSENE (BRFEASE, 2017) .

A FRBOK Ve HITRR S . AR E L. FEERSEET T (Liu Z X et
al., 2021; {MpR&EF, 2021; H1ESE, 2022; 3K J4E5E, 2023) , i INNE EHLGZ
PR Ry 4 -FE A WA TR B B I ) g AR = 1B A Oy £ § 1 (Xiang L et al., 2018; Zheng S C
etal., 2020; JinCSetal., 2020; Wang Netal., 2020) ; %4 %:F AN E w5 H 7R
A SRR -BR AL R BUR K 641 5 T B AL TUE IUTAR (Canfield D Eetal., 2008; Chang
HJetal., 2018; ChenLetal., 2022) ; #WEiGah. FEISHEEHIA RIS, ETHRmE
WAL THEIUR K ESE (WuY Wetal., 2020; TanJ Qetal., 2021) , &FHFEHIA
NS 38 ) 8 B o B A S M S R TUS S s R BRI R, WIAARDNS DA i 2 1
SEAHL M T R e (R Ay A B . (EPH%E, 2013; FRF4%, 2018) . T H#H i
X FE R R TUA AT =, MR, BSOS R4, WHC X M TUA i 2 REE
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Fig.1 Distribution of drilling and drilling location( According to Luo Shengyuan.et al, 2022 ; there are
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1-sampling shallow drilling ; 2-geological survey well ; 3-parameter well ; 4-Regional fault
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HEMXERMMENE BT TG RERERAES, FEREEER——8
AULAZRMERAENK S (D o h PR Z 2. 27 RMWiER S
584, BEUMBERNAFWIEERS, B THHTFE6 8 0ERE MLE,
2020). ‘H EH X P IR EIHTR 0 AT E R R AL I ] S (MR 224055, 2018), HEERTE LA
K, HEMXZF TR -0 R E N T e ho@E v . TR R B B R B S BASR
FIFIIEAS I . AR K M BL(Bh AR IE %, 2009), Faeiliizee 7T AKX B, WA BRI AR
MR, RGBT

BB R4 I Bl fa e AR UT R TR B RAE R SKRIE R, KIFe A iE R
AR IHUTRR S R B — B KR 26, Tz PR S EUR KRR KA 55, 78
ARG AR oy R B R FERCR I B ETUE R R AR T AN RAE, HIEEA R (P M
JLAE, 2019; BHEICAE, 2020; BABHAE, 2020). /KIvELH S A EREALAARAT SRR K A N
W EREAR—8 (R—) , BT RSN KITC A5 55 7R ma Hh X 2 B0 4R DY 1| 22 F 3%
VrSE L RARAE 2

K Te AR R T A, TAE S BE T RE 396 /Ao WA YE, KIFred vl AR5 A
ELFB: EBONEBERK G- RRIE R R S, RADBEROKE IS, KPEERE:
TBOANBROS KRS SRS, WWE SRS, W %W, REKFEHEEH
&, 2020; 3L R;2021). H S HL X FER RKITR AL S FARE KA BT e 4 2R A
fili o JEEEREAIARR, HEIGHHIX, REVERAREES . LR TR AKX, &K
JEi% 1000 m, ZES IR B RN 32m,  FE kit T KB e A k.
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Table 1 The geochemical characteristics of organic matter in organic-rich shale reservoirs in different regions of
the Lower Cambrian in the Yangtze Platform, South China
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Fig.2 Sedimentary-reservoir comprehensive histogram of Well Eyiyel and Well Eyidi2 in Yichang area
1-calcareous siltstone ; 2-limestone ; 3-shale ; 4-argillaceous limestone ; 5-carbonaceous shale ; 6-mud crystal limestone ; 7-siliceous
rock ; 8-Powder crystal limestone
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HRA, MBFER JEHEED .

HEMXERATCAE I HREE, FEMED 7T IR SR AR e B[R 67 2 4
Mt K e 4 & A LR TUA T B AR 2R AT T R4 - K BHTS 7 11 AT & 35 T Rk e
HIUE T IR B % R s & B e L+ 58 BT RHE, W & B IME L 73.3%, HIk
NERA, SEAE 23.7%~29.0%, FEEN 23.7%; 1M TEAREEIR) briE (SY/T5125-
1996) HEMIRTSEEL (TD 45007 49~60, £ TEIB LI A Y (K1) o s,
AN ERIEA HUTR (R R 2 AP /e 22 57, HLAAE B 5 S0 B AR A5 TR 7 25 20 TR A 5
BN Bk, RS AR R 2 A st il B T HRR U A MU R A . K FHRS - 15 T R
A2 MFE ) 83Corg (HE-30%0~-28%0, F AR 83Corg #B/NT-30%0. 1EH E T IENIR
SRR 2 Hrh, KREVETUEFES I 83Corg MR /NT-28%0, o 813Corg 1l £E-30%0~-
28%o[FIFE it (5 LEoN 44.45%, NI BUTESAR s 8°Corg fE/NT-30%0 IAE M 5 LA 22.22%, A1
RITHEM:; 45 2 DFER 813Corg L 1E-28%0~-26%0, NI FTFEHR; A4 —ANFE S A AT
TUFREAR, Al e] e Sege il 2 Fr sl (B 3D o BRI S, KA TUA T
ML Ny A B ML, RPKARE SR L EZE A HURATIRY) .
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Table 2 Statistics of kerogen of Shuijingtuo Formation in Changyang Yazikou section
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Fig.3 Statistical histogram of kerogen 613Corg value of Shuijingtuo Formation in Eyidi 2 well

TR 77 N AR SR A 2 TR A WL 22 SRR T VE TR ISR AR, AN ik
DBLFRARA Sy, INZ KRN HE AR ARG, IRMEFE ST MASH X A S A=Al Rk,
75 SEBRERAE I FE h 0 E SEMR W 5 % (Ry) BEARETE (Re) » FRHEYE Sl i) 5 45
K (Roik Re) SHIFRMARITR (Ro) ZRIMAK AN, THESH S5 IAR R HE K
RAEA LR HGEGFE R (B oS, 2019; M S, 2020). B EHLXKHEHISE Ro
LMUATE 2.4%~3.2%, FELET T AR TS B (R 2) .

%3 HEFEXBERRKFCERTERAE ST

Table 3 Statistics of shale maturity of Cambrian Shuijingtuo Formation in Yichang main area

HIEAE shH R EE Ro 311 (%) FI9E (%)
HETH SREH 2 # 2.26~2.37 2.35
KRE ZK03 2.96~3.36 3.16
HERRRT ZK05 2.46~3.15 2.85
KT O Bl 2.56~2.67 2.62
X == 2.19~-3.07 2.63
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4.2.1 KFATCATUED WA RFE



TURWIIMERFE, TUE IR P S i 20T 7 00 3 al, AR SRR E . R
PATRIR B e DA R TRt T3 B B e (B 55, 2022, W SR, 2022; AR,
2022; Ra%E, 2020). HEHIXFERRZKIFVEA S O X ATHLI0 4R TR, WA FEESA
g KA. A Baf FEAESEETY, Bt mRR A RHE, KL
VEBEARPFIRZE. PRA. A (PR, BRFEOZE, 2019; i X5, 2018) .
PSR B 2 HKHTE L 1627~1728m Br 74 Bt X Tt scib ¥, B i badsd &,
MREh A S, & LSRN B R SR EA SR, SR AH
e ERD. HRAAER SRR ERE N (R3ME LD .

IR A A A RHE, AKIFEHLE A T LRI MU E NS . K—BEA N R
W TUE N, FABRIKFR TS . S EM 2 HhoAhE 1704.0~1728.13m, %2 23 4
FESRIE X AT 928 Bon AL A ERE L0 YA £, RS E SRR, WAhEKA
(RIME S o KB FHERNBOBIICS . SFUUE, BN S R K —BsA
THEr . SRR 2 H A £ 1678.0~1704.0m, %2 21 ANEE 5L X AT 5206 SR i W4 2y
DAZHERIRIR Eh2A N, ARSRIRZ, HE KA SERK—BWBEEK (R3IMEKD
IKZ B E N TR IR A5 5 DU e e AR 2 AR IR 805 R B B K — R K B e T o
SR E L 2 H P AfE 1653.0~1678m, %JZE 16 DN UUAFEM ) X AT 505 BoR R 5 5 &
BB R] 52.1%, A LS EL P RIZED (G 4-1 Mk 4-2) o KB AN
BONP—, FENFIKE- KO KE . fES8EH 2 /3 AifE 1626.5~1653m, %2 13
ANFEM X AT S8 SR o R EONRER R, PIMEIAE] 86.9%, &/bEMIK A
Mg+ (R3IMED

&4 SREM 2H. H 10 HKkHFEEEE X THES HITER
Table 4 Statistical table of whole rock X-ray diffraction components of Shuijingtuo Formation in Eyidi 2 well

and Yi 10 well
o e SE X LTI ER /%
5 INE e = % —

(54 Ax =) RER ST ) BT T
20~187 0~37 62.5 ~95.2 0~15 13~138

28 KEE 13 6.4 2 86.9 0.2 45
=) _ 3.9~286 0~37 6.4~879 0~5.8 70~613

H#y K=R 16 145 19 521 33 27.3
2 o 21 81~332 07~60 118~840  0~62 83~547

# - 21.4 28 35.8 37 37.6
P - 165~391 17~112 131~869 20~149 27~460

29.2 4.4 29.6 5 32.7
. 98~404 50~151 318~821 19~128

KRR / 17.6 78 70.7 0 3.9

H K= 1 50.9 13 135 0 22.6
10 — . 349~456 83~142 283~397  0~19  120~151

H 416 10.3 33.3 1 13.8
I . 312~492  48~95  410~580 05~18  80~115

39.3 75 49.34 12 96

W BERN--&ME ~ BRAEAFE

5 SPEM 23, H 10 HKH BT L XTHED SRITR

Table 5 Statistical table of clay X-ray diffraction components of Shuijingtuo Formation in Eyidi 2 well and Yi

10 weell
se N 5 Fht X ETE DL R /%
= N HIEAE FEERE BHA FRA
n 9.6~138 57~6.6 36~51 0~28
8 KPR 3 11.2 6.1 4.2 0.9
" K=K 16 7.0~61.3 25~26.4 21~148 2.5~20.8




#h 27.3 11.8 7.5 7.9

2 8.3~547 3.6 ~33.3 17~12.6 24~11.9
IKZER 21
$ k=B 37.6 20.6 8.9 8.3
2.7~46.0 7.6 ~258 3.6 ~20.1 04~81
Ik —E%
k=8 23 32.7 19.3 11.8 3.2
19~128 08~45 10~56 01~27
7 JL
=8 KPR ! 3.9 15 19 05
= K=E 1 226 5.4 124 4.7
10 12.0~15.1 3.7~45 55~7.7 25~4.1
IKZE%
# k=R 3 13.8 4.1 6.5 3.2
_— 5 8.0~115 32~47 3.0~6.0 08~21

9.6 38 44 14
W BRE R --SME ~ RXEFE

4.2.2 IKIFTCHTUE R W HERAAE

B TUA 662 A A ERHE CInFLBRE . BiE R, R FHENE) XSHHEFRITEN UL
FMATIEE LSRN EA EEE . TUE— R ERIIFLBRAER, BAWKI AR
R, AT DAR BROR B SUA,  1T HLIUE RERORALIR & A K2 A RS, Bk, fL
BB /N BRI SRR RN e (SCEESE, 2019; 7 H%, 2020; ZE/NERAE,
2022) . Ubhh, BBEBMREAHMIUE TR TREAFREFMENEEZSL, EAKEHR
BB T, KZBHUAEMBIERE AR 2, UM R H— TS IBIE R FIR B 8UE
HER T, BEFEFEIEFHE (ERES, 2017; XA, 2018) .

SRR 2 FHERRAKIHTEH I T ARIAE K2 116 ANFE S 1 FLIB S B0 R B U AL
B EEAT 0~3%, AfESaiir) 86%, DEFEMILBRE KT 5%, HFES S 5%
(E4A . DNEKRE, 5 BALBEEE N 0.1~5.3%, FIMEN 1.4%, 74%HIFEHFLEE
FEEAT 0~2%2 [f); A BALBEMEANT 0.1~4.5%, “FHMEN 1.7%, 56%[HIFE 5 FLER
JEMEANT 0~2% 18], 94%IIFEMLIREE N T 0~3% /A K—BABEHENT 1.1~
9.1%, ~“FIMEN 3.2%, 87%MIFEMFLBREEE KT 2%, 65%HIFEMALBEEN T 2~4%2
B K ZBALBREE AT 1.2~6.0%, “FIIMEN 2.3%, 48%MIF: M fLIR M KT 2%; /K=
BUALBREE AT 0.5~3.0%, “FIMEA 1.7%, 63%HKIkE S FLEREEAT 0~2%2 [d]; /KPY
BUALBREA T 0.6~2.0%, “FIMEA 1.3%, 92%FHIkE S FLEREME AT 0~2%2 7. M
A AR R, K I Te 2 L B B ARG o T2 S A, K — B LR BB P 3 B oK
ik 3.2%; K BHIFLIREE R, FHME N 2.3%, [ VA LR SRR (K4 B) .

PR 2 HFE R R A /K I Ve 2 1) 89 ANEE L VB 15 R AU R TUA B8 R R B A
F 0.01~0.05x10%um?, HFEELEELT 69%, H 19%MMFEMEBERMEKRT 0.110°%um?, &
MR HHARBHRIE (B 4 C) o 4/NEXRE, A BIBER(EN 0.009~0.044%103um?, P
PIE M 0.017>103um?,  85%FKIFE 55 RAEAE 0.01~0.05X103um? 2 [f]; # ~BSE RN
0.014~0.171x103um?, “FI{E A 0.035%103um?, 93%I[HIFE FHi5i%E R MEE 0.01~0.05X10°
3um2 2 J8); KBS iE R N 0.024~0.540x103um?, “FI{E N 0.143x103um?2, 50%[HIFE i
BIEFE KT 010103 um?; 7K ZBH2iE (N 0.020~0.129>103um?, ~F¥J{EN 0.070x<10-
3um?, 50%HIEE VB IEFRAEAE 0.1~0.50x103um?2 2 [A]; 7K =B iEZHRAE AN 0.019~0.459%10°
Sum?, “FIAME N 0.132>103um?,  75% I FE ii2E R EAE 0.05~0.10>103um? Z [f]; K PUEZ
BHRAEN 0.016~0.039x103um?2, FHME A 0.023X103um?, Fif e iisiERELIAE 0.01~
0.05%103um? 2 8] . 1535 R A RFIEAE TR - 5 FLIRE A RFHEAR AL, K FFTE 41538 R AE
W& T A, B N EsERES T L (B4D) .
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4 SPEM 2 FEFA-KkFHTEE
(A) FLIREATINERE; (B) &/NEILEESITE; (C) BEXSHMEE; (D) SNEEEXRFEITE.
Fig.4 Yanjiahe- Shuijingtuo Formation of Eyidi 2 well
( A) porosity distribution frequency diagram ; ( B ) Porosity statistical chart of each layer ; ( C ) permeability distribution frequency
diagram ; ( D) Permeability statistics of each layer.

4.2.3 KFHTEHTUA R = RI2RE

FRAE K773 FE AT T T FLBR 7 M OR AL BR AR R FLRR,  # BRFLBR I 73 A K B
RURT A R SR AL R AN G2 5%, 5 0 FL B SRR A1 25 03 (1) 2 AL AT 43 S AL LB A E AL AL -
H A B YL E T A VLR LG A B I FLER,  JEHLFLER 2 ZAA a5 LR, &
YA AL R FLEE CIRBSAASSE, 2015, PG, MR, 2019; FE P4, 2023;
F4kiBLE, 2023) .

(1) AHFLBR . IR S A Pl AR SR 4 7 S B W 5 B 2 K e
P TUAFLBRRRAE: SEE i 2 HANURFLIRBC N R E (B5) , FLRIESZH, FERKEHA
T MR . AR B HRERS, SE ERREAR. R7CRER =N 40,
EORFLIEMLE B AR K AL . A HURFLIR LA B TE R, MGPR K BIRCK g, HEA
GURFALBONE, — B8 R 2 WECHEULH90ek, R0 LR 5 TN P il
Gl WAL AN DK AL ANRL. W\RITSEEH 2 HKI e A APURFLII L —
AT 5%~20%2 8], “TIHFLEA 13% A 4. BRI, SEEH 2 HKIed s EHl
R B F &AL, HAPRFLN K G WMAEEIES BN, MaaPURPAKANL
ALK BREEZ, HEEEARMEESE FRNARE PR,

(2) THLFLER. BB Mg R I, S0 2 A1 ZK05 H /KRR TERE —
ERMTOHALER, FEAFERIAIL. F L )5 LR R =R 2R 8. Hodr, Ry fL
FEANARENT Y (KA. BRREB S FEMmEmR, LR 2 EE-99K ~ 50
K Ial, FHUGPKEAIBR N E. FE0 MRS —EBER BB, LR, 29
Ko PeTUA IO, X LR — M S TR MG SO AR A, RIS L mT L6
T YZE R E R 4EsE (E5) .
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A. B\ C. D-A#l; E. Fu Gu H-TE#HLFL
Fig.6 Scanning electron microscope photos of typical organic and inorganic pores of Shuijingtuo Formation
shale in Yichang area
A. B. C. D-organic pores; E. F\ G. H-inorganic pores

(3) 4%, HBRK/NIDR RS2 7 NI RGN AR GE IR SRR, RO ARG AE 5 0
O ERIRTGIE R, RGN R A v ﬁﬁ%*ﬁwMWL%%(%m 2018)
SREH 2 AL AT WO R SE A MR A P AR, X B R B R SR . IR O
ML RN, SR 2 KR PR RO ITUAE T REREARE, EBRIRRH A S
BRI PG REER T (B 6) o TR KA RN AL, X
FOEL UL HREAT 1R B B AR AT R BRI (FMD DI BT W B BRI B4y
T4k, mIHEE LM . K, mSgtE T UG ERIOV BRI R IR LE, £ FMI 313
B AR B RS L M 2k (BRI, 2022) , IZRREEM AR —ENBENE, 8
THHME (K 6) ; mFHEER T USRI BRI IR L, (HEL4E 8] B i B )
TR, WATREONM G4, RAEAMMEE, EBRERIDNRHE G — ARzt
= (K 6) 5 PR FMI BRI Bon i BT RS RE, SBERREE (B
6)

Ee%ﬁmz#m#ﬁﬁ%®%%%H
A—1660.76~1662.21m FEE 48, SBALTIE; B—1699.68~1701.34 SAEZI4E, £©FKIH; C—1724.2~17245m S A B 5



%, FRALRIE) . BEFMISIESEGREHME (D) - (B 554%; (h) SE%; (B) HEE.
Fig.6 Core fracture photos of Shuijingtuo Formation in Well Eyidi 2
A-1660.76 ~ 1662.21 m vertical fracture, calcite full filling ; b-1699.68 ~ 1701.34 high angle cracks, full filling ; c-1724.2 ~ 1724.5
m high angle straight split fracture, calcite full filling ). Fracture FMI dynamic image characteristics: ( left ) high conductivity fracture ;
('middle ) High resistance seam ; ( right ) Micro-fault.

AZHEMXERARANEHERBEEHRAER
431 BNREEERE

AV S LR TR E LR B B N R 2 —. ATATF AR, FAHRA
AT DAL R E AL, IERE S A I ER AL =, Ak, AR 2R LS 7L
BRI tAPAE Z S B, | B MU T S TUaE +, BIRAEFVA SIS, X
BeFL BRI RO, R/NEGPK RO REEZ 18] o | B LT LB AT LAk 47 FURE TR Bt
FEA LT LR 1 B EZSG U BRI SS, FLBRIEH B,
T INGCRBE R 0] 11 BUA BT AL R 35 ZE 58 5 45 R ) v R e 5 R T B
HHATULEN — EBENRA (F3552, 2022; KM, 2023) . FAEHEEMX T
FRIUKHHAHFER -, oy E, D8I B, B RKE KEE VLR ILEKE )
(BKIBERAZE, 2015) o XPSPECHh 2 FKHTE4ii 4 Bef Shakar T O R IE, 5
Ro {H /> i TE 2.18~2.29%, “F-¥J 2.25%; 54 4 BRE 1 Ro [E AR TE 2.23~2.3%, 1
¥ 2.29%, #RALT A HIFLBRAE B B B B o B G TG 5 A 3 H B 8 4 SRR S
SR 2 K IR UUA R Bk B KREMANURFLB . W58 E L 2 HK e d] TOC HAL
BB Z IR AH B R R, KIFR L UUA )2 TOC 5ALRREE Z ARG A B, (HLE A
LFt%E TOC & &R hnfLIRE ARG KAES (B 7 (A ), [RIRFFLBREE R T 2%
i TOC S EARKZH AT 1%, DL EERE, SEEH 2 H FERGKHCHAEGHRS B
FB OK—BL KZBD , REVAIRAMILEZ, ¥ T #EZERmESR, 5 71
PR
A2FEHWER

TUAEHR MBS A MG A, BABRZMMALB AR K LR A . 55
PR, IZRES, HREAKZ 2R IR, 40K, SRaEEE KERgKEY
WL L. BB Y EA BRI EPERE, R8P A7 S P R B AR Sk, £
FEAKS HRIRIR A oAk, B LW mT DA T B FL IR &5 M R FLIR B (T 5248, 2014;
eSS, 2023; FiEF], 2022). MREEXTEEE M 2 FERGE K A-/K e s+
WIS ESILRERAST (B 7, HEEMX FERSE ZMA- KA T A0
FESILME RIFMIEMARKR, FLBE KT 2%00FE & 0 P& & K it 20%, it
— W ARAFR A SR, FREEEE5MBEHETMEMICE R, TERE W B,
BEE MR, MILBRAKIRIRTE . &R T, ZSERCA R RI AR, REEN, BT
FLBRASIE], $2% 1 i 2 AL B (MR S %%, 2013; ). (R, JKIFvE4ghm Ea s
BERZMZEE, HESRRMPF LY (FEEPRA) SR, FLEEZH
ERRY/n -y E3itlal R
433 [T USSR

MY TUEFRER . RIS WS BEREN, SAMYEEK, BHIEINIER TR
RAIRFGENIE SF2U5%, HHTBR(EMZ, 2013; MRS, 2019). @i x50 it 2 K
FErEH DUE S RMEET & B S SALIR LG R R KR, JLIRMESARES &, KRS
FHEERHARZSME, NEKAGEEIMISMIEMAXKR (B 7) o AR, FLB
FERT 2% B iAo & & — AT 50%.

Barnett T AR = SR BRIESE, W2 B AR S FEAR iy, (R R AR H Bl e R 26 P 1 12
(Bowker K A, 2007), [T A& E547 4 138 2 60 U8 T 1 FL B = Az BH 264 5 350 LR
B Ko FIRRIR 250 W00 UL A HUBE AR B F2 v = 26 B8 MLRR VA T A 1 T IR A= 1 il



FLBRCGHIRYLEE, 2013; #ARoESE, 2010), misBE ML 2 HAL TR RMEREZ, 78RR TR
WIS RIR S G Ml %, WIRE T ER S CRAm TAAN - RRA) , AFIMARIK
el R E B EWIR IS S B 90%. e KA. BREREL 546 5 VAT W H Ve i/
FARBRIR 2h A RS E S BB N, BB HIX R RS S -k e At PS &
HILBEX RN EE.
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(A) TOC; (B) FLF¥; (O FHAT; (D) FREE; (B) A%; (P KA; (G) BELTY.

Fig.7 Relationship between porosity and different material contents of Shuijingtuo Formation shale in Eyidi 2

(A) TOC ; (B) Clay minerals ; (C) lllite pores ; (D) Mixed-IaX/v:rl:Ilite-smectite ; (E) Quartz ; (F) feldspar ; (G) Carbonate minerals.
4.3.4 T HEEE

W T WETERIN A/ E L, DU 2 2 T BRAN AR (AR B AN RS I 2%, DT B4 it 2 415 T
AR HIRE RS, TR TP Ll AR T PO E AR . BRI PR SR R
SECE A AU R R AE T . RARTUBRS4IE W B — 2 1007 i FdEd e, mr bl
TUE G E RIS RE DA BB, (b RN S (R4, 2021 SKiER4E,
2023; A ESE, 2020) .

WRAE B SIS E M 2 HFERN R AR A S DR SR & R H R KR, Bk
RBERMEBAR, HAGE 0.02-0.55 ><103um?, [FIIN HL A& A A RE SRR 20 0 v T
AE BRI R NS E R, RYI TR K H WG s ik R I5E I BE I 2 2 1 5
IR0 R EE MR R EE LB 5B BRI, USRS B 0] Tk 2 A S 1k e A sk



YERFEANBIE, (RIS K & AT DL 3 22 () LU AE HLALBR, A TIAEAS 5 B 2%
FLBRARARRE 0, 306 T DA S IR AR AN A e SRR A FH
4.4 H B XK IR H TUE SR R B

HHEMMAARE, TWaBEERE, WRWEER, a2 EHEMmm. TR
M8 . BT HA S BRI AES B, fEE25 10 2 RO B2 FLA Bk, T
2B 2 WM IE IS S A AR AL TS S N SR R R IR, BT AN R AR AR (R
xKAE, 2015; WHALERAE, 2018; ZEMESE, 2022; iK[EFEF 2023).

4.4.1 KFTEHTERFRE

WEINN, TUAHISEE R SRR =FRE, DRSS SNE, &
RS Ee /b o CEHBJT 7 SE I HRE R B2 25 N, X = RS I TUA RS B IR K —
FILL], TR A R (FMEREE, 2020, ZEM504%, 2020; SRETHEE, 2022) .

(1) MR MBI 8 DA SRS ORAAAE A LIS B0 MOk 1 (1) <A . B N AN
TUAR SRS BN, A EH IR A R BT 7 H A S ILRINAER, £
A TR SET AT EEE Y (RRERSE, 2015; 4RSS, 2022) . FREFE T 1
P37 A BOE . W PHS ELAE 45.21%~81.44%, T EAEFE 52.23%~76.01%, “FIIME N
63.55% (£ 5) .

(2) . BRI IRAAAE TS FLIR BRI T e B B I RIR S, BIRN K
SERETTRE, HEMRNORT IR B SR SRS B 48 R 5 i<
B R EE TUE SR e B R 2, J63E Barnett DU ST R A% O DX B S AE B 5
HuS R T 5 G FBAE 40%~ 509%LA . (Robert G %5, 2009) . $ESEE T 1 FHHIIIZ AT
Bl UiEE N HUAE 18.56%~54.79%, ILIAARHT S AR ERT 2.0m3t (15 A B I R S
&7 LLTE 37.29%~54.79%, “V-IMH N 46.78% (K 5) .

(3) WS BIRAETE AAMSAET IR s R E KPS, —BA e
BTHZEKNE, WESBREPBREISERSZ, (HICETREHG BN, THER
BUR P Bk B TR UG, WEASEZ /DT 10%. £—alEEG T, KK,
SR G TR ME— R EET, B, RiAR TS CUABRESE 7
e (FZ%E, 2013; 32H%, 2023) .

7 6 SPER 1 HINIAETEIE
Table 6 Field analytical data of Eyiye 1 well

== Ty [T

B2 RE (m) %ﬁ%ﬁ %ﬁ;ﬁ BEE mmest WM
CY-1 1762.38 0.221 0.0937 0.315 29.78% 70.22%
CY-2 1763.78 0.404 0.271 0.675 40.10% 59.90%
CY-3 1766.57 0.297 0.127 0.424 29.90% 70.10%
CY-4 1772.54 0.294 0.169 0.463 36.53% 63.47%
CY-5 1775.74 0.334 0.258 0.591 43.59% 56.41%
CY-6 1777.56 0.203 0.122 0.326 37.57% 62.43%
CY-7 1780.05 0.258 0.161 0.418 38.38% 61.62%
CY-8 1782.74 0.226 0.104 0.330 31.60% 68.40%
CY-9 1790.17 0.551 0.212 0.763 27.82% 72.18%
CY-10 1791.56 0.446 0.165 0.610 26.95% 73.05%
CY-11 1792.02 0.415 0.206 0.621 33.18% 66.82%
CY-12 1792.51 0.558 0.189 0.747 25.31% 74.69%
CY-13 1793.97 0.434 0.145 0.579 25.02% 74.98%
CY-14 1795.70 0.553 0.188 0.741 25.35% 74.65%
CY-15 1804.91 0.539 0.179 0.718 24.96% 75.04%
CY-16 1809.14 0.750 0.271 1.02 26.52% 73.48%
CY-17 1809.73 0.922 0.378 1.30 29.08% 70.92%

CY-18 1813.01 0.980 0.409 1.39 29.45% 70.55%




CY-19 1814.32 0.608 0.155 0.762 20.30% 79.70%

CY-20 1816.48 0.663 0.151 0.814 18.56% 81.44%
CY-21 1820.02 0.607 0.191 0.798 23.99% 76.01%
CY-22 1821.88 0.943 0.265 1.21 21.90% 78.10%
CY-23 1823.68 1.07 0.654 1.72 38.02% 61.98%
CY-24 1826.79 1.41 1.17 2.57 45.33% 54.67%
CY-25 1828.89 1.06 0.476 1.54 30.96% 69.04%
CY-26 1831.42 1.03 0.348 1.37 25.28% 74.72%
CY-27 1833.05 0.925 0.263 1.19 22.16% 77.84%
CY-28 1835.45 0.948 0.328 1.28 25.69% 74.31%
CY-29 1837.69 1.12 1.07 2.19 48.88% 51.12%
CY-30 1839.52 1.20 0.933 2.14 43.68% 56.32%
CY-31 1841.24 1.30 1.05 2.35 44.59% 55.41%
CY-32 1843.20 1.41 1.32 2.73 48.33% 51.67%
CY-33 1843.75 1.17 0.836 2.01 41.62% 58.38%
CY-34 1846.47 1.40 0.833 2.23 37.29% 62.71%
CY-35 1849.14 1.35 1.10 2.45 44.84% 55.16%
CY-36 1851.22 1.39 1.23 2.63 46.96% 53.04%
CY-37 1853.31 1.44 1.13 2.57 44.14% 55.86%
CY-38 1854.35 1.69 1.67 3.36 49.66% 50.34%
CY-39 1856.64 1.53 1.56 3.08 50.46% 49.54%
CY-40 1858.72 1.50 1.82 331 54.79% 45.21%
CY-41 1860.51 1.57 131 2.88 45.45% 54.55%
CY-42 1862.43 2.38 2.39 4.77 50.10% 49.90%
CY-43 1864.60 2.72 2.76 5.48 50.34% 49.66%
CY-44 1866.06 1.93 1.84 3.77 48.83% 51.17%
CY-45 1868.43 171 1.57 3.28 47.77% 52.23%
CY-46 1870.84 2.62 2.21 4.83 45.80% 54.20%

442 KFTeHTE SEMEER

JEEHIX Barnett U172 H HT A E B AME B 0UE SN RIT K HEIX 2 — . Bowker(2007)
WSS T Barnett TUR e IX M SN S AR R : OFWIKE &, TUAESEHRE s TOC
ENIE 2.5%~3.0%; @UUAEEN KT 15m, 30m S 1= A PR A 2 L= H St
@A, PR NAZATEAE S E s @FLBRE S KEAE, Bamett TUA &7 X 7L
BRFE N 5.5%, S/AKBAEN 25%; OF LT W& EN/NT 50% (FfEE%, 2016,
Tongwei Zhang %, 2012) . TUA&SER TOC &, HURAE. ¥y WEEN.
U R GRS LM R RF%, 2018; kM4, 2023) o {HEARE 2 B 7T
AR, XN SHEA-SIIELT, SAMEEMEREIAREA, BERESHt
A—Emre, WRIESMER PTG 8 X L ST A .

(1) IR EERBRE . AR S =2 TUE O i — N EZR R, EEEIUAE
SR EEAE, OB TUR AR IRSREE, R TUE TR Mk 2 —, e TUA IR =K
N, TR LB I I EER R 2 —, RE T IUA R MRS MIEE ). Bk,
TUA SRR EERR T H B AP S & (Curtis¥, 2012).

KR A TUE S TUE AR S B R, BTS2 a S 8 N A (P,
X224, 2019; THEIC, MRFELAE, 2019) . MITASE. SESES AN aEIBS
B2 A ERRIIEM LR, a5 (R 150.830/10.4975 (K8) , UiBH/KIFye4H T
HENBR S BRI S ENEER K. S8BT 2m3tH A TOCH B — it
1.6%, XEWAFERNKBEE EHEIRKR IS, SEREDUA. SERENT
1m3/t, TOCWIYMK1%, U11762.2~1820.2mF11876.9~1938.4mIREEEL, ik FE R IF K 1
PR REEA . RKE .

AR S EE, TUAWRE IR, WHEAERGMIEA SR RS2
KAZAA X DA TOCH TUE SR EHATHIL T, HTUATOCH2%M, WM< &&EN



0.92m3/t; TOCH5%I, WPt <& N2.38m¥t. ETOCHE &M & AR EE 5 EHL
JRBRA DG, R EERE R SRS, TUA AR IR, ALARTUE &S
G, VR TUE L. AL R AL BE & TOCS & A4 Inif 3% KX (Ross 1 Bustin,
2012) , HAWUFRMEEEME, XSS A BRI §E
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Fig.8 Relationship between gas content and TOC in field analysis
(a) Well Eyiye 1, (b) Well Yidi 2

(2) HatEw vt TUA TR IO YRy FERR L A A A, X AR
ARLEEIR T TUS RFLBREE M, HEmisgmn 7SR P AE 77 (Fathi #1 Akkutlu, 2009; Ross
A1 Bustin, 2009; ZE/xAEE, 2017) o PR Ao A0 AR A RS ER] ER R JOT A 2 D R DL
BB o RIS S A S o WOk, AUBRRIAG S B A R E , 78 DU B 7 o ml ke
AR, DN R SR e Rk 2 R FLBR i sgme (sk g haE 2017) o ARWREN A ok R BR
VRRESE . UH R A A S RE R AR S, AR AT U BRI AR R AR, 5T
YA NUR F SV (B, 2016) . FiETmEidl, AR TSR B,
B 247K MR, SRR B g D P4 (Fathi E A 1. Yicel Akkutlu, 2009) . T IH 4
HRR AR B T TUA RIS, B AR P S R 2 ST LN TUA S E X (XK
&, 2013) .

EHEMKX, EERRKFWHTHBAOT AT NREEMEWAE TLHESE,
2017) , HRTEEAESEAE 125%~44.4%, TN 26.63%, TUAESE. TOCSES
FYEEERHE M (B9, WEMHKXRH R ML 0.67~0.71, FPEMAE FIEXFRK
et VU R R B E R S AN VIA DG, fEFCRIE AT B85 AR E A %

UEAMIE T M) B R (s AT, 48 DU ELANPLUS iR & S U 2 sk &
HHWAE 0.2%~6.22%, TN 2.55%, FHEN SEHREFED ERZN (F 9 , [
WY SEMIE S BEREIEMHARR (B 9, M*EA% R Ak 082, R TUERIATT
TS PIE RIS A R T AR RAT . AR, B 2 B2 K1 B UE SRR
T VAT, EEE A AR 38 K & A LB (%) [R] IR 77 A2 e 5 B2 PR B IR 638 R 30



55, KAL) S AR RIBRAL YIRS HLSE A ik ke ok, X SR ITAR B SR AR 3k
W RKER AR MRIGFAB AL CF RS, 2007) .

Hey i, Was B85 MRETMEERURAANLE, FibRY, I
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a.fracture tendency rose diagram, b.fracture dip angle probability distribution diagram

(4) HZFES7. JEIBaE§om AR A RE  FLITE S AN S5 #4486 45 T BN TUA &
PSR &, B AR TS B A SR R (R )11%5,2014) o IKHE I
MEHT SR, HREATR. PO R 8], J8 EE R TR IR R A R
WA RSE T 1 A S8 S AR EN 18.57~50.46%, “F-¥J°4 35.52%. H¥&Sm KA
T 2mit i, B R G T 38.64%, R IIKHVEAL TS R B A B R LA,
TURSRKZH DR S IRAFAEN PR TEARAIILBR R T, D30 LIS SAET I
FRP LB

B E X FE R R TUA PRI B S 2 RS H 5. St Rk TUE S
XMHESSRLGHEY (B 1D, EARMZEEAIERT, SRENWRER 08
(CEW5E, 2015) o EAUER R LEALUFES NE (GEETH, 2014) , BlpfiiT
AFIIE S5 B 56~65%, FRBUNE KT REON 1.4; A6 DU il B AU B AE 40~80%
2 Ia], Hrh Antrim NAEYS, SR 1.13~2.83 mit, HIENE L Lewis NHES, K%,
PIETUA B RSN, SAEEBMK CMF 2m3t) ; Barnett. Marcellus. Haynesville 2
B VA SR EAFE R & (Hill D G #1 Nelson C R, 2000) , &<MHm (2~9.9m3t) ,
WA EEGIR, WSS EAET 50%. HEARE S A S B OHLELE T A R
AR, KIE GGG 2B, RN EAM KRS TIER SR, BAA TR
ST

XA AR R AR, RAARRP BAE R AR B TR ek, KA
W PR AE A FUR R T HERAE Tk CEFRSE, 2015) o ARIMIZEE KM p R, e KoL
B, e AOK IR, RN REEE S HE R DRI RRE . SRR T 1 HKFH e
PR, WA AR S REM B 45%, MW—MUHEHEIUER 71X — W A,
FEIA AR R BIUR B TR E sh i 2 36 TR RS R

/_:‘L
i
=R



W2 5 R 5 ERE (m¥/1)
1.8 1.6 1.4 1.2 1.0 0.8 I 2 F & 3
R | —t

T T

T

Lewis(k,)
Eagle ford(k,)
Haynesville(J,) [2182

Montney(T)

Caney(C)
Manning Canyon(C)

Fayettevile(C)
Barnett©
Woodford(C-D)
Antrim(D,)
Muskwa(D,)
Marcellus(D,)
Ohio(D)

Je 53 A(S,-0))
K I HH(E)

= [50%] 2 s

11 BBKRTUES S MERESRSMREEABXR (FE Hill, 2000; BIEZ0
1-RENREY; 2-BHEREE; 3FES
Fig.11 The gas-bearing property, occurrence state and relationship with formation pressure of shale in typical
block (according to Hill, 2000 ; there are modifications )
1 - formation pressure coefficient ; 2-adsorption gas and content ; 3 - Free gas

BRUA BT R R AN, A VUR S . TUE 2R SRS 2 PhHh ot R 32t 2 2 i DU
RS E. KEMFECESG R, O Ro £ 1.0%~3.5%IK, T LR A e,
A R T R . X T #S R B, B AR Bl DA A AL R A 1) 38 e T 28 T4 K
MR A6 S R0 g 7 Mg AH U SR 5 4E =5k (Chalmers G R L Al Bustin R M 2012; 7%
M54, 2013) , dLSETUR I RIX AR =2 Marcellus 7%, Ro =1.0% ~3.5%, {H
R0 >3.0% X3 AEITUA 7> A AR 1/10. B TUE S Ro — L4k T 2.0~3.5%, M
fEid it (Ro>3. 5%) B, TUAFE S AL LR IARTE LG BEMK, N FLERFLILAE 2 f—
BN, EILERMARE 3. 5% JE A . @TUAEEEE —ERE FishE s
AR KN e &5 e, SR 5 KR UUA A Antrim. Ohio. New Albany. Barnett £
Lewis T84 18 E 478 30 m LA E, 435Iy 70~120. 30~100. 50~100. 50~200 #1 200~
300m CFEpRIESE, 2012) o BHEA TIAMER & SIS R EE FIRAY 15m, BAREFE
T2 B3R T S T R RE KT 30m. @)L MR FE 56 2235 TUA SURIT R I AE
FERIZ TR, ARIRBEA R U TUE SR B B E R 3 . 0 58 1 & 3000 D UmR B AR
teEEK, rARfE 76.2~3658.0 m (PALdk4E, 2009) . BEEIIRMIIEN, . JEIA K
THim, AHUR SR 2 3K, AR TS S A SRR B
4.4.3 IKFTeH A BB

HTHEERFERREGIRIETR T ENMEN, N E EERA S 2R
B N UUR T B S0 T BRE T T2 . ANEL B | X T Ak B 1 2 56 T R AR A A IE R
ok AR T B L T S R IR o 5, X TUA S IITE RO A B IR . R,
MITAESTERRE P EAL B G, R RKATCHTUEAE SRR Z A M8 . (H3
2 DI R TG B JEL A L 1 e B R R R 42 () 22 A T J7 20 N B 2036 6 I R K e 1 0TS
ST RS TR, B2 H B HLIX X 2y 7 77 HoAhh X FE 5 R VU SR & . R,
MR RE, HEERZKATCHITUA AN BE RIS Pk, R RE A%



ARV T RS R 52 P IR W R MG R T, 3 HURE B B 1 X S AR D R AR S o Dk
JRIFRRA R AL (1B 12)

SW

SR E TULH
H 3 o el

o BBEENG o o
<+ +
o+ o+
X <+ + S =4
X X X X4+ 4+ 4+ 4+ X X X X X X X X X/4+ 4+ %X X X % = T
£ N 4k 7k 39 I 4 7R vk i PR B N 2k 7R P 3 [

B 12 B I AERANES BREHEREEN BRELSF, 2018; HiEX0
1-1EsE, 2-8ME, 3-ERE, 4-BE, 5-MES, 6-&kE, T—ARSE
Fig.12 Preservation mode of Cambrian shale gas' basement-controlled reservoir' in Yiye 1 well ( according to
Chen Xiaohong et al., 2018 ; there are modifications )
1-granite, 2-basic rock, 3-metamorphic rock, 4-mudstone, 5-shale gas, 6-limestone, 7-dolomite

5 451

ASCEE X B X SO A FL YR, ST ERIL 2. B AR, B DR B Sl
IS Z RIS NFB, B T KT A AL T 2 R AE RO AR, U T
INGE

(LD AKHHTeHICERIRFE S, AHESE (TOC) FHEEARA LK & 2IZ W K.
IKFTE T T EEARCL 1 BRI RO, Ro Z58UE AR AE 2.4%~3.2%, /KBRS 5
R FERA R AT, EEA T s TS B, AKIe A B R T A S B R
A, BRERERE S EG N, R LA RN BT SRS S ER . &
A ARXS Bl R AN 8 e BN

(2) KFAVEHTUEFLIRE E B A E 0.5%~9.1%, BiERIEEHAAE 0.019~
0.540>103um?. KIFEHTUEMHET MK ERETES AR EEEL. L MEE
PAJ RS R BREEA G AN NS SLEL 2, HE &N nT DL & DU I FLRREE
Ttz B EIRG R, R EFLBRAN R Z . Ak, s R AR RIS L
e (NS BA R RIAD AT DA RO AL . R DTS A B g SR M AR (1 52
FEXTE /N, AR GTEREE R R E T LA 5 2 (1 TCALALBR AT A HLALER, AT 45 A0 (A R AL IR
PRFRIEIN, IR T TUE S RATF AT R A BB AE FH

(3) KRR FELIF IS (45.21%~81.44%) FIii < (18.56%~54.79%) IR A [t
T KIFFEHTUEE MG Z T, RS GIAERT RN . AKIFTEH TR &AM R B2 A MR
T W], 228 04T LLHZE R 15, A LK B B v DU IR P RE T
W, PEFERTFIEMAIER. MY A3 ENURURIA 2 M 5 5 T A A e
TUA SRS FE VAT P ml SR, YN R SR 0 ok 2 [ LB s o eAh, 1T
AR EREEMERENRKERERIEMAX LR, HESELAWEE TR S5HEE
HEXR, HTHEWNKBEMGAEE, Bk, WSS OISR, BRI 4K
PR B D[RR 52 3 B W 2R T o, IX B B X S R TUR SR AR U e oy« 3
JEE A AR AR



References:

Bowker K A. 2007. Barnett Shale gas production, Fort Worth Basin: Issues and discussion[J]. AAPG Bulletin, 91(4):523-533.

Canfield D E, Poulton S W, Knoll A H, Narbonne G M., Ross G, Goldberg T, Strauss H. 2008. Ferruginous conditions dominated Later
Neoproterozoic deep-water chemistry[J]. Science, 321(5891): 949-952.

Cao Huanyu, Zhu Chuanging, Qiu Nansheng. 2015. Thermal Evolution of Lower Silurian Longmaxi Formation in the Eastern Sichuan
Basin[J]. Journal of Earch Sciences and Environment, 37(06):22-32(in Chinese with English abstract).

Chalmers G R L, Bustin R M. 2012. Geological evaluation of Halfway — Doig —Montney hybrid gas shale —tight gas reservoir,
northeastern British Columbia[J]. Marine and Petroleum Geology, 38(1):53-72.

Chang H J, Chu X L, Feng L J, Huang J, Chen Y L. 2018. Marine redox stratification on the earliest Cambrian (ca. 542-529 Ma) Yangtze
platform[J]. Palaeogeography, Palaeoclimatology, Palaeoecology, 504: 75-85.

Chang Huajin, Chu Xuelei, Huang Jing, Feng Lianjun, Zhang Qirui. 2007. Sulfur Isotope Fractionation Accompanying Bacterial Action
under Sedimentary Condition[J]. Geological Review, (06):807-813(in Chinese with English abstract).

Chen L, Zhang B M, Chen X H, Jiang S, Zhang G T, Lin W B, Chen p, Liu Z H. 2022. Depositional environment and organic matter
accumulation of the Lower Cambrian Shuijingtuo Formation in the middle Yangtze area, China[J]. Journal of Petroleum Science and
Engineering, 208: 109339.

Chen Shangbin, Qin Yong, Wang Yang, Zhang Han, Zuo Zhaoxi. 2015. Pore structure and heterogeneity of marine shale in the middle and
upper Yangtze[J]. Natural Gas Geoscience, 26(8):1455~1463(in Chinese with English abstract).

Chen Wenling, Zhou Wen, Luo Ping, Deng Hucheng, Li Qin, Shan Rui, Qi Minghui. 2013. Analysis of the shale gas reservoir in the Lower
Silurian Longmaxi Formation, Changxin 1 well, Southeast Sichuan Basin, China[J]. Acta Petrologica Sinica, 29(3):1073-1086(in

Chinese with English abstract).

Chen Xiaohong, Wei Kai, Zhang Baoming, Li Peijun, Li Hai, Liu An, Luo Shengyuan. 2018. Main geological factors controlling shale gas
reservior in the Cambrian Shuijingtuo Formation in Yichang of Hubei Province as well as its and enrichment patterns[J]. Geology in
China, 45(02):207-226(in Chinese with English abstract).

Chen Xiaohong, Wang Chuanshang, Liu Anyuan, Li Hai, Wei Kai. 2017. The discovery of the shale gas in the Cambrian Shuijingtuo
Formation of Yichang area, Hubei Province[J]. Geology in China, 44(01):188-189(in Chinese with English abstract).

Cheng Peng, Xiao Xianming. 2013. Gas content of organic-rich shales with very high maturities[J]. Journal of China Coal Society,
38(5):737-741( in Chinese with English abstract).

Cheng Wei, Ba Jing, Wang Daxing, Ma Rupeng. 2023. Study on the effects of pore-microcrack properties and clay content on the elastic
wave dissipation characteristics in tight rocks of shale oil stratum[J]. Chinese Journal of Geophysics, 66(08):3463-3481(in Chinese with
English abstract).

Curtis M E, Cardott B J, Sondergeld C H . 2012. Development of organic porosity in the Woodford Shale with increasing thermal maturity[J].
International Journal of Coal Geology, 103: 26-31.

Du X B, Lu Y C, Chen P, Li X Q, Song X D. 2019. The Lower Yangtze area: A next shale gas block for China? Preliminary potential
assessment from some geology and organic geochemistry information[J]. Geological Journal, 55(4): 3157-3178.

Ding Wenlong, Li Chao, Li Chunyan, Xu Changchun, Jiu Kai, Zeng Weite. 2012. Dominant factors of fracture development in shale and
its relaitonship to gas accumulation[J]. Earth Science Frontiers, 19(02):212-220(in Chinese with English abstract).

Fathi E, I. YCcel Akkutlu. 2009. Matrix Heterogeneity Effects on Gas Transport and Adsorption in Coalbed and Shale Gas Reservoirs[J].
Transport in Porous Media, 80(2):281-304.

Ge Mingna, Bao Shujing, Shi Dishi, Ma Yong, Zhang Jinchuan, Zhang Qin, Zhang Ligin, Lin Yanhua, Wang Ting. 2023. Multi-scale
characterization of shale pore structure of Niutitang Formation in southeastern Guizhou and its influence on shale gas enrichment[J/OL].
Geology in China, 1-17[11-28] (in Chinese with English abstract).

Gong Yue, Gao Hequn, Li Xiaoyue, Shao Lin. 2023. Study on the distribution characteristics of occurrence modes of shale gas in the
Sichuan Basin and its periphery [J]. Unconventional Oil & Gas, 10(02):49-56(in Chinese with English abstract).

Gu Heng, Wang Jian, Wei Hengye, Fu Xiugen. 2023. Controlling factors of Organic Enrichment in the Shuijingtuo Formation in the Lower
Cambrian of the Chengkou Area, Sichuan Basin[J]. Acta Sedimentologica Sinica, 1-25[10-14] (in Chinese with English abstract).

Guo Shaobin, Zhai Gangyi, Bao Shujing, Shi Dishi, Hu Jilin. 2017. Difference of methane adsorption capacity of kerogen and clay

minerals[J]. Petroleum Geology & Experiment, 39(05):682-685+693(in Chinese with English abstract).

Guo Tonglou. 2016. Key geological issues and main controls on accumulation and enrichment of Chinese shale gas[J]. Petroleum
Exploration and Development, 43(3): 317-326(in Chinese with English abstract).

Guo Xusheng, Tenggeer, Wei Xiangfeng, Yu Lingjie, Lu Xiancai, Sun Lei Wei Fubin. 2022. Occurrence mechanism and exploration
potential of deep marine shale gas in Sichuan Basin[J]. Acta Petrolei Sinica, 43(04):453-468(in Chinese with English abstract).

Guo Xusheng, Li Yuping, Liu Ruobing, Wang Qingbo. 2014. Characteristics and controlling factors of micro-pore structure of Longmaxi
shale Play in the Jiaoshiba area, Sichuan Basin[J]. Natural Gas Industry, 34(06):9-16.

Guo Yinghai, Zhao Difei. 2015. Analysis of micro-scale heterogeneity characteristics in marine shale gas reservoirs[J]. Journal of China
University of Mining & Technology, 44(02):300-307(in Chinese with English abstract).

Guo Zhanfeng, Liu Xinmin, Sheng Xiancai, Ma Dengfeng. 2009. Petroleum geological significance and characteristics of Caledonian
paleouplift in the southern margin of east Qinling and Dabie orogenic belt[J]. Petroleum Geology & Experiment, 31(02):181-185(in
Chinese with English abstract).

Han Xiangyi, Yan Jianguo, Zhu Douxing, Yao Jiarui, Wang Yangzhang. 2018. Application of pre-stack elastic parameter inversion in the
prediction of Longmaxi formation shale’s brittleness[J]. Computing Techniques for Geophysical and Geochemical Exploration,
40(03):337-344(in Chinese with English abstract).

He Hongxi, Xiao Jiafei, Yang Haiying, Lan Qing, Huang Mingliang. 2023. Sedimentary environment and shale gas exploration potential
of Lower Cambrian Niutitang Formation in northern Guizhou[J/OL]. Sedimentary Geology and Tethyan Geology, 1-11[11-28] (in
Chinese with English abstract).



He Qing, Gao Jian, Dong Tian, He Sheng, Zhai Gangyi, Zou Gaofeng. 2021. Elemental geochemistry and paleo-environmental conditions
of the Lower Cambrian Niutitang shale in western Hubei province[J]. Acta Sedimentologica Sinica, 39(3): 686-703(in Chinese with
English abstract).

He Xipeng, He Guisong, Gao Yugiao, Zhang Longsheng, He Qing, Zhang Peixian, Wang Wei, Huang Xiaozhen. 2023. Progress in and
research direction of key technologies for normal-pressure shale gas exploration and development[J]. Natural Gas Industry, 43(6): 1-
14(in Chinese with English abstract).

Hill D G, Nelson C R. 2000. Gas productive fractured shales: An overview and update[J]. Gas TIPS, 6(2):4-13.

Hu Zhonggui, Qin Peng, Hu Mingyi, Qiu Xiaosong, Zuo Tao. 2018. The distribution and heterogeneity characteristics of shale reservoirs
in Lower Cambrian Shuijingtuo Formation in western Hunan-Hubei region. China Petroleum Exploration, 23(04):39~50(in Chinese
with English abstract).

Huang Yugi, Zhang Peng, Zhang Jinchuan, Yang Junwei. 2020. The Effect on the Fractal Characteristics of Shale Pores by Mineral
Compositions of Marine and Marine-Continental Transitional Shales[J]. Bulletin of Mineralogy,Petrology and Geochemistry,
39(03):548-557(in Chinese with English abstract).

Huang Zhenkai, Chen Jianping, Xue Haitao, Wang Yijun, Wang Ming, Deng Chunping. 2013. Microstructural characteristics of the
Cretaceous Qingshankou Formation shale, Songliao Basin[J].Petroleum Exploration and Development, 40(1):58-65(in Chinese with
English abstract).

Ji Wenming, Zhu Mengfan, Song Yan, Jiang Zhenxue. 2022. Evolution characterization of marine shale gas occurrence state in South
China[J]. Journal of Central South University (Science and Technology), 53(9):3590-3602(in Chinese with English abstract).

Jiao Fangzheng, Feng Jianhui, Yi Jizheng, Cai Xunyu, He Fagi. 2015. Direction, Key Factors and Solution of Marine Natural Gas
Exploration in Yangtze Area[J]. China Petroleum Exploration, 20(2):1-81(in Chinese with English abstract).

Jiang Yugiang, Dong Dazhong, Qi Lin, Shen Yanfei, Jiang Chan, He Puwei. 2010. Basic features and evaluation of shale gas reservoirs[J].
Natural Gas Industry, 30(10):7-12(in Chinese with English abstract).

JinC S, LiC, Algeo T J, Wu S'Y, Cheng M, Zhang Z H, Shi W. 2020. Controls on organic matter accumulation on the Yangtze Platform,
South China[J]. Marine and Petroleum Geology, 11:75-87.

Jin Wujun, Li Jun, Wu Qingzhao, Lu Jing, Gou Qiyong. 2017. Study on well logging evaluation method of gas shale permeability[J].
Progress in Geophysics (in Chinese), 32(01):177-182(in Chinese with English abstract).

Li Hai, Chen Xiaohong, Peng Zhonggin, Chen Lin, Liu An, Luo Shengyuan. 2022. Shale gas reservoir characteristics of the Lower
Cambrian Niutitang Formation in the western Huanan and Hubei areas[J]. Acta Geologica Sinica, 96(04):1421-1433(in Chinese with
English abstract).

Li Qianwen, Tang Ling, Pang Xionggi. 2020. Dynamic evolution model of shale gas occurrence and quantitative evaluation of gas-bearing
capacity[J]. Geological Review, 66(02):457-466(in Chinese with English abstract).

Li Shizhen, Zhou Zhi, Nie Haikuan, Zhang Leifu, Song Teng, LiuWeibin, Li Haohan, Xu Qiuchen, Wei Siyu, Tao Shu. 2022. Distribution
characteristics, exploration and development, geological theories research progress and exploration directions of shale gas in China[J].
China Geology, 5(1):110-135.

Li Wenjian, Lu Shuangfang, Li Jungan, Zhang Pengfei, Chen Chen, Wang Siyuan. 2019. The coupling relationship between material
composition and pore microstructure of southern China marine shale[J]. Natural Gas Geoscience, 30(01):27-38.

Li Xiaoming, Wang Yarong, Gui Wen, Ma Lihong, Liu Dexun, Liu Jirong, Zhang Yu. 2022. Micro-pore structure and fractal characteristics
of deep shale from Wufeng Formation to Longmaxi Formation in Jingmen exploration area, Hubei Province[J]. Natural Gas
Geoscience, 33(4):629-641(in Chinese with English abstract).

Li Xiaoxia, Gu Yuantao, Wan Quan, Yang Shuguang. 2023. Micro-architecture, deformation and source-reservoir significance of organic-
clay composites in shale[J]. Oil & Gas Geology, 44(02):452-467(in Chinese with English abstract).

Liang Mingliang, Wang Zongxiu, Zheng Guodong, Christopher Greenwell Hugh, Li Huijun, Zhang Linyan, Feng Xinggiang, Zhang Kaixun.
2020. Occurrence and influence of residual gas released by crush methods on pore structure in Longmaxi shale in Yangtze Plate,
Southern China[J]. China Geology, 3(4): 545-557.

Liu Damheng, Li Jungan, Li Zinan. 2013. Research on Enrichment and Accumulation Mechanism of Shale Gas and Its Formation
Conditions in China[J]. Coal Science and Technology, 41(09):66-70+74(in Chinese with English abstract).

Liu Jiangtao, Wu Fafu, Wang Jianxiong, Xiang Yuanchuan, E | Hmidi Khalid. 2017. Design of a Geochemical Data Processing Model
Based on ArcGIS Model Builder and Its Application in Morocco Geochemical Mapping Project[J]. Geological Science and Technology
Information, 36(05):1-6(in Chinese with English abstract).

Liu Jie, Zhang Yongli, Hu Zhiming, Li Yingjie, Yang Xinle. 2018. An experimental study on the mass transfer mechanism and the flow
regime of gas in nano-scale pores of shale gas reservoirs[J]. Natural Gas Industry, 38(12):87-95(in Chinese with English abstract).

Liu Li, Bao Hanyong, Li Kai, Li Gen, Zeng Yong, Zheng Aiwei, Xiong Hongli. 2018. Evaluation of gas content in shale reservoirs and
analysis of influencing factors in Fuling shale gas field[J]. Petroleum Geology & Experiment, 40(01):58-63+70(in Chinese with English
abstract).

LiuZ X, Yan D T, Du X B, Li S J. 2021. Organic matter accumulation of the early Cambrian black shales on the flank of Micangshan-
Hannan Uplift, northern Upper Yangtze Block, South China[J]. Journal of Petroleum Science and Engineering, 200: 108378.

Luo Chao, Li Yanyou, Li Yi, He Yifan. 2022. Mineral composition characteristics of high-quality shale in Luzhou block, Sichuan Basin[J].
Natural Gas Industry, 42(S1):16-25(in Chinese with English abstract).

Luo Shengyuan, Chen Xiaohong, Li Hai, Liu An, Wang Chuanshang. 2019. Shale Gas Accumulation Conditions and Target Optimization
of Lower Cambrian Shuijingtuo Formation in Yichang Area, West Hubei[J]. Earth Science, 44(11):3598-3615(in Chinese with English
abstract).

Luo Shengyuan, Chen Xiaohong, Liu An, Li Hai, Sun Chong. 2019. Characteristics and geological significance of canister desorption gas
from the Lower Cambrian Shuijingtuo Formation shale in Yichang area, Middle Yangtze region[J]. Acta Petrolei Sinica, 40(08):941-
955(in Chinese with English abstract)..

Luo Sheng-yuan, Chen Xiaohong, Yue Yong, Li Pei-jun, Cai Quansheng, Yang Ruizhi. 2020. Analysis of sedimentary-tectonic evolution
characteristics and shale gas enrichment in Yichang area, Middle Yangtze[J]. Natural Gas Geoscience, 31(08):1052-1068(in Chinese
with English abstract).



Luo Shengyuan, Li Peijun, Chen Xiaohong, Ni Fangjie, Li Hai, Liu An. 2022. E-Log Evaluation of the Cambrian Shale Play and
Identification of Favorable Reservoir in the Yichang Area[J]. Western Hubei Province. South China Geology, 38(3):417-430(in Chinese
with English abstract).

Luo Shengyuan, Liu An, Li Hai, Chen Xiaohong, Zhang Miao. 2019. Gas-bearing characteristics and controls of the Cambrian Shuijingtuo
Formation in Yichang area, Middle Yangtze region[J]. Petroleum Geology & Experiment, 41(01):56-67(in Chinese with English
abstract).

Luo Shengyuan, Wang Chuanshang, Peng Zhonggin. 2016. Shale Gas Research of Luzhai Formation, Low Carboniferous in Guizhong
Depression. Geology and Mineral Resources of South China[J]. South China Geology, 32(02):180-190(in Chinese with English
abstract).

Ma Xinhua, Zhang Xiaowei, Xiong Wei, Liu Yuyang, Gao Jinliang, Yu Rongze, Sun Yuping, Wu Jin, Kang Lixia, Zhao Suping. 2023.
Prospects and challenges of shale gas development in China[J]. Petroleum Science Bulletin, 04: 491-501(in Chinese with English
abstract).

Meng Qingfeng, Hou Guiting. 2012. Geological conditions of shale gas accumulation and shale gas potential in the upper Yangtze region
of China[J]. Petroleum Geology and Recovery Efficiency, 19(01):11-14+111-112(in Chinese with English abstract).

Pu Boling, Dong Dazhong, Niu Jiayu, Wang Manyu, Huang Jinglaing. 2014. Principal progresses in shale gas reservoir research[J].
Geological Science and Technology Information, 33(02):98-104(in Chinese with English abstract).

Robert G. Loucks, Robert M. Reed, Stephen C. Ruppel, Daniel M. Jarvie. 2009. Morphology, Genesis, and Distribution of Nanometer-
Scale Pores in Siliceous Mudstones of the Mississippian Barnett Shale[J]. Journal of Sedimentary Research, 79(12): 848-861.

Ross D J K, Bustin R M. 2012. Impact of mass balance calculations on adsorption capacities in microporous shale gas reservoirs[J]. Fuel,
86(17-18):2696-2706.

Ross D J K, Bustin R M. 2009. The importance of shale composition and pore structure upon gas storage potential of shale gas reservoirs[J].
Marine and Petroleum Geology, 26 (6):916-927.

Sun Huanquan, Zhou Dehua, Cai Xunyu, Wang Feng, Feng Dongjun, Lu Ting. 2020. Progress and prospect of shale gas development of
Sinopec[J]. China Petroleum Exploration, 25(02):14-26(in Chinese with English abstract).

Shao Deyong, Zhang Liuliu, Zhang Yajun, Zhang Yu, Luo Huan, Qiao Bo, Yan Jianping, Zhang Tongwei. 2020. The characteristics of
water uptake for the Lower Cambrian shales in Middle-Upper Yangtze region and its implication for shale gas exploration[J]. Natural
Gas Geoscience, 31(7): 1004-1015(in Chinese with English abstract).

Shen Chuanbo, Mei Lianfu, Liu Zhaogian, Xu Sihuang. 2009. Apatite and zircon fission track data, Evidences for the Mesonzoic-Cenozoic
uplift of Huangling dome, central China[J]. Journal of Mineralogy and Petrology, 29(02):54-60(in Chinese with English abstract).

Tan J Q, Wang Z H, Wang W H, Hilton J, Guo J H, Wang X K. 2021. Depositional environment and hydrothermal controls on organic
matter enrichment in the lower Cambrian Niutitang shale, southern China[J]. AAPG Bulletin, 105(7): 1329 -1356.

Tang, X., Jiang, Z., Jiang, S., et al., 2016. Heterogeneous Nanoporosity of the Silurian Longmaxi Formation Shale Gas Reservoir in the
Sichuan Basin Using the QEMS-CAN, FIB-SEM and Nano-CT Methods. Marine and Petroleum Geology, 78: 99-109.

Tongwei Zhang, Geoffrey S. Ellis, Stephen C. Ruppel, Kitty Milliken, Rongsheng Yang. 2012. Effect of organic-matter type and thermal
maturity on methane adsorption in shale-gas systems[J]. Organic Geochemistry, 47:120-131.

Wan Mengmeng, Feng Mingshi, Meng Wanbin, Liu Sibing, Lu Yunfei, Nie Ying, Zhao Zhan, Guo Min. 2021. Geochemical Characteristics
and Significance of Black Shale of the Lower Cambrian Shuijingtuo Formation in the Yichang Area[J]. Bulletin of Mineralogy,
Petrology and Geochemistry, 40(04):946-9571(in Chinese with English abstract).

Wang Jichao, Cui Pengxing, Liu Shuangshuang, Shi Bin, Dang Hailong, Huang Xing. 2023. Microscopic pore structure characteristics and
pore fluid division of shale oil reservoirs[J]. Petroleum Geology and Recovery Efficiency, 30(04):46-54(in Chinese with English
abstract).

Wang Liang, Chen Yunyan, Liu Yuxia. 2014. Shale Porous Structural Characteristics of Longmaxi Formation in Pengshui Area of Southeast
Sichuan Basin[J]. China Petroleum Exploration, 19(5):80-88(in Chinese with English abstract).

Wang N, Li M J, Tian X W, Hong H T, Wen L, Wang W Z. 2020. Climate-ocean control on the depositional watermass conditions and
organic matter enrichment in lower cambrian black shale in the upper Yangtze Platform[J]. Marine and Petroleum Geology, 120:104570.

Wang Xingmeng. 2022. Formation and Evolution of Pores in Organic-rich Shale and Its Controlling on Shale Gas Content[D]. China
University of Petroleum (Beijing) (in Chinese with English abstract).

Wang Shufang, Dong Dazhong, Wang Yuman, Li Xinjing, Huang Jinliang. 2015. Geochemical Characteristics the Sedimentation
Environment of the Gas-enriched Shale in the Silurian Longmaxi Formation in the Sichuan Basin[J]. Bulletin of Mineralogy, Petrology
and Geochemistry, 34(06):1203-1212(in Chinese with English abstract).

Wang Taoli. 2022. Pore structure and evolution characteristics of organic-rich shale reservoir[D]. University of Chinese Academy of
Sciences (Guangzhou Institute of Geochemistry, Chinese Academy of Sciences)(in Chinese with English abstract).

Wang Yang, Chen Jie, Hu Lin, Zhu Yanming. 2013. Sedimentary environment control on shale gas reservoir: A case study of Lower
Cambrian Qiongzhusi Formation in the Middle Lower Yangtze area[J].Journal of China Coal Society, 38(5):845-850(in Chinese with
English abstract).

Wang Zecheng, Liu Jingjiang, Jiang Hua, Hang Shipeng, Wang Kun, Xu Zhengyu, Jiang Qingchun, Shi Shuyuan, Ren Mengyi, Wang
Tianyu. 2019. Lithofacies paleogeography and exploration significance of Sinian Doushantuo depositional stage in the middle-upper
Yangtze region, Sichuan Basin, SW China[J]. Petroleum Exploration and Development, 46(1):39-511(in Chinese with English abstract).

Wei Sile. 2021. Reservoir Characteristics and Shale Gas Occurrence Mechanism of the Lower Cambrian Shuijingtuo Shale in the South of
Huangling Anticline, Western Hubei[D]. China University of Geosciences(in Chinese with English abstract).

Weng Jiangiao, Li Xiawei, Qi Minghui, Zhang Yeyu, Wang Yu, Zhang Wei. 2022. Study on Porosity Measurement Determination Methods
of a Shale Reservoir in the Longmaxi Formation, Sichuan Basin[J]. Rock and Mineral Analysis, 41(4):598-605(in Chinese with
English abstract).

Wu Song, Hu Zhonggui, Qiu Xiaosong, Li Shilin, Li Hudie, Liu Shufen. 2020. Mineral composition and its significance of organic shale
of the Lower Cambrian Niutitang Formation in Tongshan area, eastern Hubei[J]. Science Technology and Engineering, 20(29):11867-
11874(in Chinese with English abstract).

Wu Y W, Tian H, Gong D J, Li T F, Zhou Q. 2020. Paleo-environmental variation and its control on organic matter enrichment of black
shales from shallow shelf to slope regions on the Upper Yangtze Platform during Cambrian Stage 3[J]. Palaeogeography,
Palaeoclimatology, Palaeoecology, 545: 109653.



Xiao Kaihua, Chen Hong, Wo Yujin, Zhou Yan, Zhang Yunxia. 2005. Impact of tectonic evolution on Paleozoic and Mesozoic petroleum
systems in Jianghan plain[J]. Oil and Gas Geology, 26(5):688-693(in Chinese with English abstract).

Xiang L, Schoepfer S D, Zhang H, Cao C Q, Shen S Z. 2018. Evolution of primary producers and productivity across the Ediacaran-
Cambrian transition[J]. Precambrian Research, 313: 68-77.

Xiong Yu, Xiong Wanli, Liu Qiguo, Yu Xiang, Wang Zhong. 2015. Calculation of Shale Gas Reserves Based on the VVolume of Absorbed
Gas[J]. Bulletin of Geological Science and Technology, 34(04):139-143(in Chinese with English abstract).

Xu Zhuang, Peng Nvjia, Shi Wanzhong, Shu Zhiguo. 2021. Reservoir fracture characteristics and controlling factors of shale gas of Wufeng-
Longmaxi formation in Fuling area[J]. Journal of East China University of Technology ( Natural Science), 44(3):267-279(in Chinese
with English abstract).

Yang Wei. 2018. Characteristics and controlling factors of microcracks in ore deposits in Sichuan Province[J]. World Nonferrous Metals,
(20):237+239(in Chinese with English abstract).

Ye Yapei, Tang Shuheng, Xi Zhaodong, Zhang Yaoxuan. 2019. Mineral compositions and brittleness evaluation of shale of Niutitang
Formation in northern Guizhou[J]. Lithologic Reservoirs, 31(4):62-71(in Chinese with English abstract).

You Lijun, Li Xinlei, Kang Yili, Chen Mingjun, Liu Jiang. 2020. Advantages of thermal stimulation to induce shale cracking after hydraulic
fracturing over organic-rich shale reservoirs[J]. Natural Gas Geoscience, 2020, 31(3):325-334(in Chinese with English abstract).

Yu Chuan, Nie Haikuan, Zeng Chunlin, Cheng Lijun, Shao Xiaozhou. 2014. Shale Reservoir Space Characteristics and Effect on Gas
Content in Lower Paleozoic Erathem of the Eastern Sichuan Basin[J]. Acta Geologica Sinica, 88(07):1311-1320(in Chinese with
English abstract).

Zhai Gangyi, Bao Shujing, Wang Yufang, Chen Ke, Wang Shengjian, Zhou Zhi, Song Teng, Li Haohan. 2017. Reservoir Accumulation
Model at the Edge of Palaeohigh and Significant Discovery of Shale Gas in Yichang Area, Hubei Province[J]. Acta Geoscientica Sinica,
38(4):441-4471(in Chinese with English abstract).

Zhai Gangyi, Wang Yufang, Zhou Zhi, Yu Shufang, Chen Xianglin, Zhang Yunxiao. 2018. Exploration and research progress of shale gas
in China[J]. China Geology, 1: 257-272.

Zhang Baomin, Cai Quansheng, Chen Xiaohong, Wang Chuanshang, Zhang Guotao, Chen Lin, Li Peijun, Li Yangui. 2021. Reservoir
characteristics and gas-bearing capacity of the Wufeng-Longmaxi Formation in the Well Eyy2, east Huangling Uplift, western Hubei
Province[J]. Geology in China, 48(5): 1485-1498(in Chinese with English abstract).

Zhang Bo, Cao Taotao, Wang Qingtao, Xiao Juanyi, Huang Xin, Tao Yuli, Shi Fulun. 2023. Reservoir gas-bearing characteristics and their
controlling factors of Wufeng-Longmaxi formations in northern Guizhou[J]. Natural Gas Geoscience, 34(08):1412-1424(in Chinese
with English abstract).

Zhang Junfeng, Xu Hao, Zhou Zhi, Ren Pengfei, Guo Jingzhen, WangQiong. 2019. Geological characteristics of shale gas reservoir in
Yichang area, western Hubei[J]. Acta Petrolei Sinica, 40(8):887-899(in Chinese with English abstract).

Zhang Junfeng, Zhai Gangyi, Wang Daming, Bao Shujing, Chen Ke, Li Haohan, Songteng, Wang Peng, Zhou Zhi. 2020. Tectonic evolution
of the Huangling dome and its control effect on shale gas preservation in the north margin of the Yangtze Block, South China[J]. China
Geology, 3:28-37.

Zhang Liyu, Chen Qianglu, Li Maowen, Yuan Kun, Ma Xiaoxiao, Xi Binbin, Yue Yong, Huang Taiyu. 2023. Comparative study on the
organic enrichment mechanism during the Early Cambrian in the Western Hubei and Northeastern Guizhou[J/OL]. Earth Science
Frontiers, 1-22[11-27] (in Chinese with English abstract).

Zhang Lianjin, Wang Junjie, Zhuang Xiaoju, Chen Yang, Lan Xuemei, Wen Wen, Tao Jiali. 2023. Fracture modeling method and
development potential prediction of ultra-deep complex structural gas reservoirs in northwestern Sichuan[J/OL]. Special Oil & Gas
Reservoirs, 1-8[10-16] (in Chinese with English abstract).

Zhang Tongwei, Luo Huan, Meng Kang. 2023. Main factors controlling the shale gas content of Cambrian shales of southern China-
adiscussion[J]. Earth Science Frontiers, 30(3):001-013(in Chinese with English abstract).

Zhang Yunpeng, Li Yuhong, Guo Wang, Han Wei, Wei Jianshe, Li Yonghong. 2023. Pore evolution characteristics of organic matter pore
for Jurassic shale in the middle part of northern margin of Qaidam Basin[J/OL]. Geological Bulletin of China, 1-13[10-15](in Chinese
with English abstract).

Zhang Zhikai. 2022. Fracture development characteristics of deep buried hill YL2 well in Qiongdongnan Basin[J]. Petrochemical Industry
Technology, 29(09):138-140(in Chinese with English abstract).

Zhang Jiankun, He Sheng, Yan Xinlin, Hou Yuguang, Chen Xiaojun. 2017. Structural characteristics and thermal evolution of nanoporosity
in shales[J]. Journal of China University of Petroleum(Edition of Natural Science), 41(01):11-24(in Chinese with English abstract).
Zhang Xiaoming, Shi Wanzhong, Xu Qinghai, Wang Ren, Xu Zhuang, Wang Jian, Wang Chao, Yuan Qi. 2015. Reservoir characteristics
and controlling factors of shale gas in Jiaoshiba area, Sichuan Basin[J]. Acta Petrolei Sinica, 36(08):926-939+953(in Chinese with

English abstract).

Zhang Tianyi, Huang Shipeng, Li Xianging, Jiang Hua, Zeng Fuying, Ma Yile. 2023. Sedimentary geochemical characteristics and organic
matter enrichment of the Qiongzhusi Formation in the Sichuan Basin[J/OL]. Natural Gas Geoscience, 1-26[11-23].

Zhao Kun, Li Tingting, Zhu Guangyou, Zhang Zhiyao, Li Jingfei, Wang Pengju, Yan Huihui, Chen Yongjin. 2020. Geochemical
characteristics and formation mechanism of high-quality Lower Cambrian source rocks:a case study of the Tianzhushan proflie in
western Hubei[J]. Acta Petrolei Sinica, 41(1):13-26(in Chinese with English abstract).

Zheng S C, Feng Q L, Tribovillard N, Servais T, Zhang Y, Gao B. 2020. New insight into factors controlling organic matter distribution
in Lower Cambrian source rocks: A study from the Qiongzhusi Formation in South China[J]. Journal of Earth Science, 31(1): 181-194.

Zheng Youwei, Fu Deliang, Tian Bing, Duan Zhigiang, Zhang Bo, Luo Jianning, Wang Zixiang. 2021. The mineral composition and
geochemical characteristics of rare earth elements of salt lake shale in Qianjiang Depression and its geological significance[J]. Marine
Origin Petroleum Geology, 26(02):150-158(in Chinese with English abstract).

Zhou Qin, Tian Hui, Chen Guihua, Xu Qiang. 2013. Geological model of dissolved gas in pore water of gas shale and its controlling
factors[J]. Journal of China Coal Society, 38(05):800-804(in Chinese with English abstract).

Zou C, Zhu R, Chen Z Q, Ogg J G, Wu S, Dong D, Qiu Z, Wang Y, Wang L, Lin S. 2019. Organic- matter- rich shales of China[J]. Earth-
Science Reviews, 189: 51-78.

Zou Caineng, Dong Dazhong, Wang Shejiao, Li Jianzhong, Li Xinjing,Wang Yuman, Li Denghua, Cheng Keming.2010. Geological
characteristics, formation mechanism and resource potential of shale gas in China[J]. Petroleum Exploration and Development,
37(6):641-653(in Chinese with English abstract).



Bt 3023 ST

BIIR R, RAGER, B, 2015, )T ZRHLIX R 35 B G0 T IR A A A0 []. HhBERR: 53R 55441, 37(06):22-32.

AR, R, B, SR, 5K)E 8. 2007, YU EEAN AR F R (BRI A2 F 4 E0]. MR i, (06):807-813

Rk, 25 55, FRH, K%, 72K F. 2015, H BT DORAH TUA S iR FLBREH JE 5 HEARRAELD]. R AR R}, 2015, 26(08):1455-
1463.

MRS, JESC, BT, JBREK, 20, B, BBDE. 2013, PU)INZEHGH 1 T E B S E DBHTUA S Z ST 7 [0]. 5 ik,
29(03):1073-1086..

MRIELT, ey, SKRIRIS, 28052, 281, X%, B ke, 2018, WAk e B S R/ H e 4 U A0 3 Pt i R 3 AN B 4R s 0], Pt
JiR, 45(02):207-226.

WRZ24T, E AL, X420, 25, a9l 2017, Wik E B X FE R R/K e AR IR TUA S [3]. + Bl b )5, 44(01):188-189.

FEMS, 14550, 2013, 1R w3 & A WU DU 18 SO ) [D]. JR 5441, 38(5):737-741.

P2, B, TR, T8, 2023, FLBA-ZL B M 57 AN 25 et DU it J2 2R S50 o A0 R Mk SRR ORI A 52 A 7 [9]. R4 3 241,
66(08):3463-3481.

TS0, 25, 25830, VPR, AU, S 4EFE. 2012, TUR R4 R A 1R 3 K S S R ma[J]. Hh2% R 2%, 19(02):212-220.

B, GRS, A, D5, ke, SKEE, ko, MRaAE, TUE. 2023, B4 4K g Hh X AR I U FLIR S H 2 RS RAE S L T
HAEEMEM[/OL]. HFE MR, 1-17[11-28].

38, EANEE, 25N, AbR. 2023, DY) 1 kK SR G0 SURAE T sURARFIERT 7L [9]. AR F R, 10(02):49-56.

e, T8, FEr, (HEAR. 2023, 791 F % 10 XS RS K HyE A P = 42456 K 2 [J/0L]. JURR 4, 1-25[10-14].

R, BRI, GRS, AHCH, S4EAK. 2017, TESAR K B L S e FR eI PR BE 0 102 R (D] A SR BG MR, 39(05):682-
685+693.

TR, 2016, v E ST R OGS i) 15 e R IR R R[] AR 51 K, 43(03):317-326.

FHETE, 22525, XU UK, E PRSI, 2014, PO )1 g b A A I M X0 T YR 4 T OW AL IR 25 MR R AR R R 0] KRR T
\l,34(06):9-16.

IIETE, BERSR, BRPRNE, ATaEAS, FEELRE, F0EE, BEE M. 2022, DU 1|31y 2 i AR TUA SURAE ML 5 W3R8 A1 0], i 24,
43(04):453-468.

SR, X AL, 2015, W R BEEIGAH TUS i B AR BPERF AL [9]. 7 6™l K 2% 54 ,44(02):300-307.

SRR, XE IS, BB, DB, 2000, 7R Z3 U — K S L R 00 B 7R 30T o e A R B i M 5 R ST, AT e S b R
31(02):181-185.

wha X, AR, RSFE, PhEEN, L5030, 2018, B Hi M S HU T E DR A TS b 0 A 6 R [3). R IR SRR,
40(03):337-344.

PG, K, MAENE, 22T, BT, 2023, B Akl X N FER G A B AL R OB U B K DU S BN ERTE JI[IOL]. DUR SRR
5, 1-11[11-28].

ATER, weee, B, A7 AE, FENIRR, AR, 2021, FR7H HhIX T 2E R0 A 20 DU 70 3% M BRAL 22 R AE R TR R B SR 0], IR 23R,
39(03):686-703.

S, TSRS, ER TG, dkERE, B, Tk s, T4, B/, 2023, # RIS SR IT R S AR R K B J5 3], RARSR Tk,
43(6):1-14.

BT, ZRMS, SRR, BR/NAR, 72U, 2018. HSE VE M X N 2 RS K H Ve 4 VUS if 2 4 A8 IR R PR AR 3] A B TR,
23(04):39-50.

HFB, KM, k&N, ME. 2020, WA MR R TUE BT AL IR T FLBR TR AL (R [9). 5 A S ER AL 2
1#,39(03):548-557.

BARYL, FREET, BT, T XE, TR, MM, 2013, WAL 7 5 3 275 11 DAL U8 VA FLBRES MR AR []. AR 5 0T &, 40(1):58-
65.

O30, R ML, AR, R, 2022, R T IR TUS SUBRAR RS AR ], PR K225 (B AR R AR), 53(09):3590-3602.

FET71E, I EENE, SRR, B E, (RN, 2015, AR X A ARSI R T . S I S B SR 9], AR A R, 20(2):1-
8.

Feannm, B, GBS, TLIFAE, FEU, . 2010, TUE S )E I HEAAFIE P [9]. REAS A, 30(10):7-12.

SRE, FE, G, B, AL E. 2017, VAR G2 BE RNV J7 50 7T [0]. HhERYIHE 43t R, 32(01):177-182.

AR, BRIFELL, Srh ), AR, X2, DTG, 2022, iH ST E X T 5l A B 4 DU AU B RHAE[J]. M5 344, 96(04):1421-1433.

BAEX, B4, PElfEE. 2020 TUH RIS A A A A AR 9], #5181, 66(02):457-466.

AECER, TR, AR, TRISTE, BRR, T, 2019, FE U5 g AH TUA P )5 4 A5 FLBRAOW £5 AR A Ok R D). RAR S ERE
2#,30(01):27-38.

ZR/NBE, TR, 3550, THNAT, XIS, M ok, gk, 2022, WAEIR IR X g — e IR AR 2 TR RO FLBR 5 #4523 TR E 3]
FARSHEREL 2,33(04):629-641.

R, B, TR, M. 2023, RITUH FHENUR-F + 2 SO . A TRAE &R & SLR). A5 KRS,
44(02):452-467.

X KA, 2R 4L, 2 40A. 2013, R VA S SR BN LEE & IR A 10T T2 [3]. KER L4 A, 41(09):66-70+74.

XN ¥, S, FRME, 1[i3)1, E | Hmidi Khalid. 2017, =T ArcGIS B H2% 6 A Ab BRI 77 BE 3% 2] HhER A0 27 37 Pl v 1) 2 FH 9]
HhUTRH 1541,36(05):1-6.

95.



XUFT BT, 2291, 254, 09 55, KB4, RELLIN. 2018, TUA /2 & S MM B S20a K128 404 - ARSI DL S A B[], i S5 b
J5i, 40(01):58-63+70.

D, B, 26, A L. 2022 T 70 N XA BT TUE B P 2H BURFE[J]. KA Tk, 42(S1):16-25.

DRETG, BRI, 20, X2z, FAL . 2019. SR B B TR RGUKHA e A TUA URE KA 5 &R []. HIRkFL4~,44(11):3598-3615.

BTG, MR, X%, 2R, Ihip. 2019, i E B IX R FE R G K Ve 4L TUE I3 R R SR 2 b TR R ). AT A
#1%,40(08):941-955.

BTG, L, 8, 2%, 84T, A 2. 2020 Fi5T 5 EHIX JUR—HiGEE b 59 R TUE S E D] RABSIBERE
2%, 31(08):1052-1068.

BTG, X%, 25, MR, 5k Ak, 2019. i H S X SER RK IR A TUE &AM LR 0], A hszis bR, 41(01):56-67.

DM, TAL M, B E). 2016. FEHSIE T AR G 2R TUA ST ST ]. AR L S H 77, 32(02):180-190.

itk SRR, REAR, XERVE, mdss, TR0, INE-P, BUBE, FEATER, X3P, 2023, HE TUA SR R AT B[], A R IER,
04: 491-501.

d PRI, FEEREE. 2012, TUA S BRI 25 1 2 P B L4 7 X TUA S8 0], A i 5 R, 19(01):11-14+111-112.

A, KR, 455K, E R, 45T 2014, TUESAE BT FURTEE R[], s RH 141, 33(02):98-104.

AR, KNS, TRLZE, 5KF, BRK, T, =R, kR, 2020, F B3 7 X N RS E A HUR TUE WK IAE B TUE S IR T

PRI AR HER R, 31(07):1004-1015.

IR, FITEAE, SE, TIE, WEhEE, f5E. 2020, T EALTUA SR EIUR S A o EA MR, 25(02):14-26.

AT, MEBET, XURF P, 10, 2009, B 4 ke -3 AEAQ BT ] OR300 [J]. W08 44, 29(02):54-60.

Tigts, WA, F, XIUEE, 17K, R, X0, s 2021, B B X R 2R GEKH ve 4L S 60 T M ER (b SRR AE B L 15 5
[3]. 54 A M Bk AL #1814, 40(04):946-957.

TAREE, A MERE, R, A M, S, 356, 2023, TUA i filJ2 SO FLBR S5 A RRIE K FL BRI A4k 23 [3]. il S0 5T 5 R Y2, 30(04):46-
54,

E5, Mz, XL/, 2014, )1 R B 82K 1 X 2 TR 41 01 5 PR S5 MO AE [3]. v A i B4R, 19(5) - 80-88.

T 52, 2022 & A LS UL A FLII R b B EL st & ot g il [D]. A B Al K2 (b xd).

TS R, R, 2R, #Aw. 2015, VY1 5 B R0 DR AL E S TUE MR SRR IE R U TRIRIE [0]. 14 5 A H kAL %
JE1,34(06):1203-1212.

TR 2022, & H WU T A Gk)Z FLBRES 4 B LB RFAE[D]. H ERL 2 e K 2 (R B RL 22 e ) M HbER b 2205 72 7).

TR, M3, BHBE, 2R % 8. 2013, YURBIASET DUA S Z 3R E - LLh R4 7 X NSRS TS 4 B[], 1% %4, 38(05):845-
850.

VEFERL, XIFHL, 2248, 35100, T3, (REGE, LR, A 0%, (84, TR 2019, F- L5 FHLUX B BLABE L ye A 5T A
PR R SR L[] AR S T Kk, 46(1):39-51.

FULIR. 2021, BRPE 3 BRI AR 3N R GUKHTE AL T 2 RFAE S DU SRAZHLEE [D]. o R K2,

IO, ZFE AR, B, SR, &, dkeh. 2022, )11 Z kb B3 20 DU FLIBR FE S8 7 340 i [0, S5, 41(04):598-605.

S, BRRSE, BR/NRY, 2RI, 2B, XIHIE. 2020, BE AR L X R SRS LR WAL E A HUR TUAT AL R ). BEERAR
5T, 20(29):11867-11874.

B IR, BRaD, SREE, FANE, k=5, 2005, ILNCP R X Mg e g, o5 AR R R ARG RE]. Al 5 RS, 26(5):688-
693.

REAR, AEJTHL, XUJE [, R, EH. 2015. FEIR AR AFR M TUE UG =T EER] HR R R, 34(04):139-143.

bk, SactE, AT, AR 2021, WX -0 TR A TUA S 2 SRR IE R L IR R 0], AR TR R (A AR
Ji%), 44(03):267-279.

Wik 2018. VU NN AR BOIRET 2 MO 2 SRR e L P 1 I = 3], 5 (4@, (20):237+239.

RS, T, ARG, ik, 2019, BYJbHE DX A= B 4L UUA W W2 SORFIE S IR PEVPAN 9], & il <O, 31(04):62-71.

TR, 224, RRRT), BRI, XIVL. 2020. & A L5 TUA it 2 a2 A T S R[], KRR HLERELF, 31(03):325-334.

RN, B, GEMA, FRALE, ASBEIN. 2014, VU )1 R AR 0N i A 0 TUA B 0 2 )RR 2 0 B A I B2 0], bR AR,
88(07):1311-1320.

BN, GBS, EE, R, R, FE, K, Z65E. 2017, RN SRR R S50 B TUA S ERRIM]. ks
%,38(4):441-447.

TRARES, 24T, MREEL, AW, TREVE, bk, 258575, 2540 2021, SPGB PR MR AR S0 B 2 FF LIS — o T iR 41 TR S k24
HES &S] E R, 48(5):1485-1498.

ST, BT, TRV, MMAE, B, PRI, A E 1. 2023, Byt [X FG A — I T IR TUA il )2 2 SO MR AE S JLRE A R 3R [0 R4
S HhEREL 2%, 34(08):1412-1424.

TeE U, Vi, JE.2019. 5874 B B HL X TUA SRR FRHIE [9]. A9 %4, 40(8):887-899.

IR AR, BRORER, BONAE, mhh, DB, RORR, £ 5, B 2023, BITH-BS R JbH X LI R A MU B AN LB ELAT T [0/0L]. Ht
RIS, 1-22[11-27).

TREHE, TRA, BN, MREE, 22T, SCE, FIAERN. 2023, )1 PUILHBIR 5 244038 S 4 4% A i S I R 0 Wil [JoL]. HAhith
<, 1-8[10-16].

FRE, Bk, FHE. 2023, $ FE g 5 R I X S R TUE B A2 7 AR R R AR 9], M 4%, 30(03):1-13.

Tk MG, A%, SR, B, SR, 4K 4. 2023, YUk AR A AL 2k b Bk B &R DU A AU FL RS AL RRAE [I/OL]. MR id 4R, 1-13[10-
15].

TR 2022, B AR FE AR L YL2 - 3R4E R B RHE[I]. AR, 29(09):138-140.

Sl B ] A BUHTAR, B0, BR/NEE. 2017, TUA YK FLIBRZ5ARFE R AR [T, Hh B A T K 2 25 R (SRR 22 R), 41(01):11-
24,



SRR, f T, RGN, FAE, A, Fi, FR, R 201500 )1 2 A AT WU X T A S AR R R A R R [I] A AR,
36(08):926-939+953.

dRRG, BN, ZEROK, 324k, WEE, DL, 2023, VU Z AT SR AL TR U ERAL SR A AR S5 A DL E RN LRI[IIOL]. RAR S MER
#}, 1-26[11-23].

A, ZsfEe Oty dkERE, Z05IE, FME2E, 1EEE, Mokt 2020, N ERSTR R A HHER (b S RRE S5 BB L - LS Pt
X A LRI T A B[], At 24k, 41(1):13-26.

A, A5, B, BUESR, ki, BT, £ A M. 2021, BTV ELIA TUA T WAL RS 0 R BRI SRR AR R 5 = L[]
AR IS 5T, 26(02):150-158.

JAZR, BRE, MRAEAE, fRam. 2013, TUA FLRBR/K AP g <0 e 45 R 22 S b SRS B []. 2k 441, 38(05):800-804.

AR RE, D, TALE, ZREE, 2R, TR, 228, B . 2010, TR ETUA S . HhSURRAE K BEIRE 1 0], A ihisER
5%, 37(6): 641-653.



