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China’s shale gas exploration and development: Under standing and practice
MA Yongsheng, CAI Xunyu, ZHAO Peirong
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Abstract: Through detailed analyses of the distribution characteristics of organic-rich shale, appearance features of high-quality shale,
microscopic characteristics of shale reservoir rocks, fracturabilities, and the relationship between preservation conditions and shale gas
enrichment in Upper Ordovician Wufeng Formation—-Lower Silurian Longmaxi Formation in Sichuan Basin, theoretical understandings
and specific suggestions with respect to the exploration and devel opment of shale gas in China are summarized and proposed respectively.
Successful experiences in the exploration and development of shale gas of the Wufeng Formation—-Longmaxi Formation in the Sichuan
Basin can be summarized into the following aspects. depositional environment and depositional process control the distribution of
organic-rich shale; high quality shale in “sweet spot segments’ are commonly characterized by high content of organic carbon, high
brittleness, high porosity and gas content; organic pores are important storage space for the enrichment of shale gas; preservation
conditions are the key factor for the geological evaluation of shale gas in structurally complex regions; shale gas can be considered as
“artificial gas reservoirs’ and the fracturability assessment is essentia for high-production; nanoscale storage space and the mode of
occurrence control the special seepage characteristics of shale gas. The following suggestions are proposed for the development of
China's shale gasindustry: (1) focus more on fundamental research to achieve new breakthrough in the geological theory of shale gas; (2)
emphasize exploration practices to have all-round discoveries in multiple strata; (3) study the regularities of development and production
to establish new models of shale gas development; (4) think creatively to invent new technologies to tackle key problems; (5) explore the
management innovation to create new mechanisms in shale gas development.

Key words. shae gas; exploration and development; geologica understanding; integration; sweet spot; Upper Ordovician Wufeng
Formation; Lower Silurian Longmaxi Formation

5IH: , , . [J. , 2018, 45(4): 561-574.
MA Yongsheng, CAl Xunyu, ZHAO Peirong. China's shale gas exploration and development: Understanding and practice[J].
Petroleum Exploration and Development, 2018, 45(4): 561-574.



Vol. 45 No.4

2010

201

562 -
[1-2] [2-3,8] 2012 4
<« >> 201-H1 —
15x10* m3&)
[1] 11
1HF — 20.3x
10* m*% 2014
1067.5x10% m? 2017
6 000x10° m?
100x10° m? 60.4x10° m®
2009 — —
Ow —
S
[11]
10 — [22]
3 000x10° m* 2017 30x10°
m° 7
[13]
1
20 60 [14]
1966 5
2.46x10* m® 63 2016
— 3 500 24 760 km 4013 km?
m3te! (€ 20 80 90 1161
2000 4
2017
1x10"2 m® 2012 2 500x10*
m® 2017 90x10° m?
2009 [10,16-22]
. 1 ‘e .
— 1 B 2011
2012 3 1
134.42x10"% m? 25.08x10% m®
2011 3 3500 m
10.50x10%
m?3 [71
2009 30%



2018 8 563

3000
[25-27] [28-35]
39 12 —
9 1 TOC 2%
2014 O—6
. >* 2018 0—-6
<< i TOC
3%
2
2 3
o TOC 2.2 “BHEER” HRTUESSE
— < TO—@
® 1
221 HANEALSE
O—B 4%
2% 3%
O—@
. 0 70%~80% 20%~30%
1 o 90% TOC
2%
0 T Y 0 St 23 4 . - 47%~
2.1 7)1*/\%@%*[]7)1*/\)1*32*3%”?Eﬁ*ﬂjﬁﬁﬁﬁ#ﬁ 76% 24%~53%[36‘37]

[38-40]

0,
TOC 2% 222 HHERALE
D—6) 60%
2008 2009 [23-24] 30%
67% ~ 90% 429~
. 4 53% [17-19]
7 7 223 HILME
3 TOC R, ORE) 5%
7 nm

— 50% @) TOC 5.89%



564 - Vol. 45 No.4
Sre room. Wk | Bk i s | s
= 10 %| 7OC | BEBL | % f =0 s | BFR I
PR el o G 7 | o (PR A | e T -
| GRAPL| I N i A A P U B (e T = I
|4l B |50 230 Tocr % | % |TH nm ° \akk| B |2
S, =15
1123 g «
® 110 | 42 | s2 | 3 | 371 134|323 | 4951 HST BLm
1 = LM8 g 503 k| A
th : = Q %Wj
LM7 202 | 42 | 41 | 12 | 512 186 | 469 | 5583 TST ﬁ*ﬁﬁ
[ UG
Tk = LM6 ks
| @ f 160 | 47 | 39 | 10 | 353 | 208 | 391 | 5748 k| Jea
[EARES Sil2 LHST — [ AR
glat| iy ||
157 | 49 39 10 | 338 | 229 | 392 | 5953 it *ﬁ@;ﬁé
.‘):luq
8 = LM5 Lk
® ~ = 261 | 53 | 35 | 10 | 431 | 318 | 555 | 65.51 | SQ2
- = EHST] it Iint
’ [T
s |@ % 254 | 51 | 30 | 13 | 432 | 345 | 495 | 63.73 Tk
| S LM4 (il
<
% ® N % S 342 | 58 | 25 | 12 | 521 | 7.06 | 608 | 7688 TST ?ﬁﬁfﬁ
il @) LM 565 1 65 [ 25 1T 4 11780 I 809 I 685 ST o
K ® = o 397 | 63 | 23 | 13 | 654 |11.54 | 638 | 6659 | SQ1 [ TST |/ \[ehbid sebbs [remiertm
LA S FxXxX
| 5 ===
%i@ e ——
7l 8 e
M
o~ T T
WEREbE BBl RIS FERTUa SR Ts BERTTA WMEmRBRRKS WIKE FERIKE
1 EAYAERHRIEEEE GR— Thiu—
HST— EHST— LHST— TST—
0 100km A i 0 100 km ™A il
HE HE
[T TKE S
n | ]
X . B | .
[] JRUEL L8 KU
" K
K
TUA R /m TUA R /m:
= 02 4 6 8 1012>12 [ ] 25 10 15 20>20
Akl P L B ki PO i
&2 MIZtEAEASX EEESERIEE SQL B3 MmZthE AKX TEERELDZHKI SQ2

BREZBMRTEEERE

[41]

CT 4a

30 nm

BRERBMERTREEER

TOC 2%

5.06%

©—0©




2018 8 565

4% 1.34~229 nm ® 6 m/t 67%~77% TOC
TOC 1.27% CT (41 2%
ab “ O—B
2.44%

B4 TOC{EHN 5.89%HIEEIERTIE (a) & TOCEHA 1.27%HMAETE (b) CTHBRA

23 AR RIESEENEEMETIH R, 2.2%~3.06%
2.5% —

— 2.3.2 #IEIIE N MR ILIE T R, AR A 3R
[42] RET AT R FARE

[48-54]

[43-46]

231 AWRILEEA FA . RARIFER, KAEAHM

AL E BA R FE R 0.7%
R, 1.2%
[36-37,47] ) Ro 2.0%

[57]

R, 2.2%~2.7%
®) R, 2.7%

[55]



- Vol. 45 No.4

ToC 10% [56]

233 AMRIRABTRAELE R EA4AN. £ 4752
Eb

[11-18]

FisSickm [ | Kz [z

4.6% 6.0 m¥/t 50x10* m*/d
4.0% 6.0 mt 40x10* m*/d
3.8% 5.5 mt 20x10* m*/d

2.9% 5.0m’t 10x10* m*/d

M) i ER TR S HEAMERMELRHL 5 E (58]



2018 8 567
4.6% 6 m/t
50x10* m¥d
\Y 2.9%
5 m/t 10x10* m¥d
[16-20,22)
O—© O—6 ®—©
2 _
O—06 571 3.39% 2.4.2 MEAE A
4.31%~7.80% ©)
50%
1.50% 3.38%~5.12% [61-62]
30.4%~ 35.4%57]
TOC @ 2
[17,20,58,63]
[59] 3000 m 1 000~1 500 m 50 MPa
TOC 3.4% 15 MPa [58,63]
3.03%
10%~
40% 50%
24 REFHEREFMEXRTAESMBRIFNMXEEE
®

24.1 W& B F A ES TURM A H

1. 2l16-22]

[16-20,60]

[60]

5~6 km



568 - Vol.45 No.4

25 MESE “ATSH, TEREFREEES
B
26 WKRHEZASMERSRET NESAEH
BEDSRAFIE

1 -
20 nm
6 4
[60,64]
251 BT & EEZTELEIFNERKEHF FIATE LKL
1 Langmuir
Knudsen
82 C 37.7MPa 100 nm
(41-42 20~100 nm 1~20
[64-68]
nm 1 nm
TOC TOC
TOC 3

3.1 EEMHETUE S RFAHNERME

3.11 BN B A

2.5.2 Mmoo L5 KT HEEAe R B B9k

[64]

6 000~10 000 m



2018 8

569

@®
1.5%~3.5% 2.5%
Ro 3.5%
Ro
@
[60] 5

3.1.2 BrEEEAE. BAR EA

3.0%~20.0%
12.7%~22.0%

4 000 m
TOC

Ro
32 EEMME. T8, £F—FWiFEn
10

2.0%~2.5%

321 “HRHE M
TOC
TOC
322 “ITeEHE” FH
33.2%~52.9% i
11.0%~-38.0% “*



570 - Vol.45 No.4

10
— 3500 m
3.23 “KFHE7 TN
a 77 3500 m
3500 m 3500
km? 2.6x102 m® 3500~4 500 m
2x10* km? 10x10" m°l68-69
2~8 x
1012 mS
6 1000 1500
2 000 m 1500 m
1000 m 2000 m
1500 m 67%
1500 m
332 REASLEEE
BSRRERE L T A ®
Vo[
DR A
o B — T A
Bt TR (250
6 IREINEBESEH7GE, HIRKXRTEE
@)

33 HENRASFILARAIRESEREE — fro-71)
331 FRAT= KR, @K S — 1 1 (72
10~32 x10% 1

m® 6x10* m®

8.2~13.0 x10%®m® 1



2018 8

571

TOC cc >3

20%
3%~5%

2009

10 —

B 3CH -
[1] . 2014 [M]. , 2014.
Chinese Academy of Sciences. 2014 high technology development
report[M]. Beijing: Science Press, 2014.
. [M]. : , 2013.
ZOU Caineng. Unconventional petroleum geology[M]. Beijing:
Geological Publishing House, 2013.
[3] , , .. [M].
: , 2012.
ZHANG Dawei, LI Yuxi, ZHANG Jinchuan, et al. Shale gas
resources[M]. Beijing: Geological Publishing House, 2012.
[J. , 1986,

(2

[4] .
6(3): 1-4.
LUO Zhetan. Development prospects of the natural gas resources in
our country[J]. Natural Gas Industry, 1986, 6(3): 1-4.
(5] : (.
, 1990, 1(1): 14-16.
SONG Yan. The distribution characteristics of natural gas and the
exploration of unconventional natural gas in the United States[J].
Natural Gas Geoscience, 1990, 1(1): 14-16.
(6] . , . [M].
, 1995.
GUAN Deshi, NIU Jiayu, GUO Li'na, et al. Unconventional
petroleum and gas geology of China[M]. Beijing: Petroleum Industry
Press, 1995.
(7] , , .
[M]. : , 2014.
XIE Kechang, QIU Zhongjian, JIN Qinghuan, et al. The development
and utilization strategy of unconventional natural gas in China[M].
Beijing: Science Press, 2014.



572 - Vol. 45 No.4
[8] , , , . and Development, 2014, 41(1): 28-36.
[J. , 2016, 36(1): 19-32. [19] , , . —
DONG Dazhong, WANG Yuman, LI Xinjing, et al. Breakthrough and [J. , 2016, 23(1): 1-10.
prospect of shale gas exploration and development in China[J]. JIN Zhijun, HU Zongguan, GAO Bo, et al. Controlling factors on the
Natural Gas Industry, 2016, 36(1): 19-32. enrichment and high productivity of shale gas in the Wufeng—
[9] , , .. Longmaxi Formations, southeastern Sichuan Basin[J]. Earth Science
[J. , 2014, 34(12): 1-15. Frontiers, 2016, 23(1): 1-10.
DONG Dazhong, GAO Shikui, HUANG Jinliang, et al. A discussion [20] , , —
on the shale gas exploration & development prospect in the Sichuan [J. , 2016, 23(2): 8-17.
Basin[J]. Natural Gas Industry, 2014, 34(12): 1-15. HE Zhiliang, NIE Haikuan, ZHANG Yuying. The main factors of
[10] . [J. shale gas enrichment of Ordovician Wufeng Formatiom—Silurian
, 2015, 36(1): 1-6. Longmaxi Formation in the Sichuan Basin and its adjacent areas[J].
WANG Zhigang. Breakthrough of Fuling shale gas exploration and Earth Science Frontiers, 2016, 23(2): 8-17.
development and its inspiration[J]. Oil & Gas Geology, 2015, 36(1): [21] , , , .
1-6. (I , 2015, 42(6): 689-701.
[11] , , , . ZOU Caineng, DONG Dazhong, WANG Yuman, et al. Shale gas in
[J. , 2012, 14(6): 22-29. China: Characteristics, challenges and prospects (I1)[J]. Petroleum
MA Yongsheng, FENG Jianhui, MU Zehui, et al. The potential and Exploration and Development, 2015, 42(6): 689-701.
exploring progress of unconventional hydrocarbon resources in [22] , , ..
SINOPECIJ]. Engineering Sciences, 2012, 14(6): 22-29. [J. , 2016, 43(4): 499-510.
[12] , , , . ZHAO Wenzhi, LI Jianzhong, YANG Tao, et a. Geological difference
( )3 , 2016, 43(2): 166-177. and its significance of marine shale gases in south ChinalJ].
ZOU Caineng, DONG Dazhong, WANG Yuman, et a. Shale gas in Petroleum Exploration and Development, 2016, 43(4): 499-510.
China: Characteristics, challenges and prospects(II)[J]. Petroleum [23] , , ..
Exploration and Development, 2016, 43(2): 166-177. () [J.
[13] . [J. , , 2008, 13(2): 1-16.
2016, 37(1): 137-144. LIANG Digang, GUO Tonglou, CHEN Jianping, et al. Some
WANG Xiangzeng. Advances in unconventional gas exploration and progresses on studies of hydrocarbon generation and accumulation in
development of Yanchang Petroleum Group [J]. Acta Petrolei Sinica, marine sedimentary regions, southern China (Part 1): Distribution of
2016, 37(1): 137-144. four suits of regional marine source rocks[J]. Marine Origin
[14] , , .. Petroleum Geology, 2008, 13(2): 1-16.
[J. , 2017, 38(4): 441-447. [24] , , ,
ZHAI Gangyi, BAO Shujing, WANG Yufang, et al. Reservoir ()
accumulation model at the edge of palaeohigh and significant [J. , 2009, 14(2): 1-19.
discovery of shale gas in Yichang area, Hubei Province[J]. Acta LIANG Digang, GUO Tonglou, BIAN Lizeng, et a. Some progresses
Geoscientica Sinica, 2017, 38(4): 441-447. on studies of hydrocarbon generation and accumulation in marine
[15] . sedimentary regions, southern China (Part 3): Controlling factors on
(2016)[EB/OL]. (2017-07-10)[2018-03-10]. http://www.mlr.gov.cn/ the sedimentary facies and development of Palaeozoic marine source
zwgk/zytz/201707/t20170710_1524826.htm. rocks[J]. Marine Origin Petroleum Geology, 2009, 14(2): 1-19.
Ministry of Land and Resources of the People's Republic of China [25] , MELCHIN M J, . —
China petroleum and natural gas exploration and exploitation [J. : , 2011, 42(1):
Bulletin(2016)[EB/OL]. (2017-07-10)[2018-03-10]. http://www.mlr. 130-139.
gov.cn/zwgk/zytz/201707/t20170710_1524826.htm. FAN Junxuan, MELCHIN M J, CHEN Xu, et al. Biostratigraphy and
[16] “ " : geography of the Ordovician-Silurian Lungmachi black shales in
[J. , 2014, 88(7): 1209-1218. South China[J]. SCIENCE CHINA Earth Sciences, 2011, 54(12):
GUO Xusheng. Rules of two-factor enrichment for marine shale gas 1854-1863.
in southern China: Understanding from the Longmaxi Formation [26] , , ..
shale gas in Sichuan Basin and its surrounding area[J]. Acta [J. , 2006, 30(4): 289-307.
Geologica Sinica, 2014, 88(7): 1209-1218. CHEN Xu, RONG Jiayu, FAN Junxuan, et al. A final report on the
[17] , , , global stratotype section and point (GSSP) for the Hirnantian stage
: — [J]. (upper Ordovician)[J]. Journal of Stratigraphy, 2006, 30(4): 289-307.
, 2014, 41(3): 893-901. [27] , , ..
GUO Xusheng, HU Dongfeng, WEN Zhidong, et al. Major factors [J. : , 2017, 47(6):
controlling the accumulation and high productivity in marine shale 720-732.
gas in the Lower Paleozoic of Sichuan Basin and its periphery: A CHEN Xu, FAN Junxuan, WANG Wenhui, et al. Stage-progressive
case study of the Wufeng—Longmaxi Formation of Jiaoshiba area[J]. distribution pattern of the Lungmachi black graptolitic shales from
Geology in China, 2014, 41(3): 893-901. Guizhou to Chongqging, Central China[J]. SCIENCE CHINA Earth
[18] , . Sciences, 2017, 60(6): 1133-1146.
[J. , 2014, 41(1): 28-36. [28] POTTER PE, MAYNARD JB, DEPETRIS P J. Mud and mudstones:
GUO Tonglou, ZHANG Hanrong. Formation and enrichment mode Introduction and overview[M]. Berlin: Springer-Verlag, 2005: 23-74.
of Jiaoshiba shale gas field, Sichuan Basin[J]. Petroleum Exploration [29] ALGEO T J, LYONS T W. Mo-total organic carbon covariation in



2018 8

573

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

modern anoxic marine environments: Implications for analysis of
paleoredox and paleohydrographic conditions[J]. Paleoceanography,
2006, 21: 1-23.

[J. , 2017, 42(7): 1069-1082.

GUO Xusheng. Sequence stratigraphy and evolution model of the
Wufeng-Longmaxi shale in the Upper Yangtze Area[J]. Earth Science,
2017, 42(7): 1069-1082.

1. , 2017,

38(2): 160-174.
NIE Haikuan, JIN Zhijun, MA Xin, et a. Graptolites zone and
sedimentary characteristics of Upper Ordovician Wufeng
Formation-Lower Silurian Longmaxi Formation in Sichuan[J]. Acta
Petrolei Sinica, 2017, 38(2): 160-174.
[J. , 2015, 35(3): 12-21.
WANG Yuman, DONG Dazhong, LI Xinjing, et a. Stratigraphic
sequence and sedimentary characteristics of Lower Silurian
Longmaxi Formation in the Sichuan Basin and its peripheral areas[J].
Natural Gas Industry, 2015, 35(3): 12-21.
[J].
, 1999, 17(3): 345-354.
SU Wenbo, LI Zhiming, CHEN Jiangiang, et al. A reliable example
for Eustacy Ordovician sequence stratigraphy on the southeastern
margin of the upper Yangtze Platform[J]. Acta Sedimentologica
Sinica, 1999, 17(3): 345-354.
, , FRANK R E, . —
[J]. , 2007, 32(6): 819-827.
SU Wenbo, LI Zhiming, FRANK R E, et al. Distribution of black
shale in the Wufeng-Longmaxi Formations (Ordovician-Silurian),
South China: Major controlling factors and implications[J]. Earth
Science, 2007, 32(6): 819-827.

[J. , 2016, 37(5): 572-586.
ZHAO Jianhua, JIN Zhijun, JIN Zhenkui, et al. Lithofacies types and
sedimentary environment of shale in Wufeng-Longmaxi Formation,
Sichuan Basin[J]. Acta Petrolei Sinica, 2016, 37(5): 572-586.

[J]. , 2017, 44(1): 69-78.

TENGER, SHEN Baojian, YU Lingjie, et al. Mechanisms of shale
gas generation and accumulation in the Ordovician Wufeng-
Longmaxi Formation, Sichuan Basin, SW ChinalJ]. Petroleum
Exploration and Development, 2017, 44(1): 69-78.
: 1 — [J].

, 2016, 38(4): 480-488.
SHEN Baojian, YANG Yunfeng, TENGER, et al. Characteristics and
hydrocarbon significance of the organic matter in the Jiaoshiba
structure, Sichuan Basin: A case study of the Wufeng-Longmaxi
formations in well Jiaoye 1[J]. Petroleum Geology & Experiment,
2016, 38(4): 480-488.
TISSOT B P, WELTE D H. Petroleum formation and occurrence: A
new approach to oil and gas exploration[M]. Berlin: Springer-Verlag,
1978.

[J]. , 2014, 36(4): 465-472.

QIN Jianzhong, SHEN Baojian, TAO Guoliang, et al. Hydrocarbon
forming organisms and dynamic evaluation of hydrocarbon
generation capacity in excellent source rocks[J]. Petroleum Geology

[40]

[41]

[42]

[43]

[44]

[45]

(48]

[47]

(48]

[49]

[50]

[51]

& Experiment, 2014, 36(4): 465-472.
[J. , 2017, 44(1): 155-164.
LIU Wenhui, BORJGIN Tenger, WANG Xiaofeng, et a. New
knowledge of hydrocarbon generating theory of organic matter in
Chinese marine carbonates[J]. Petroleum Exploration and
Development, 2017, 41(1): 155-164.
, . [M].
, 2015.

WANG Zhigang, SUN Jian. The result of development test well of
Fuling shale gas field[M]. Beijing: SINOPEC Press, 2015.
[J. , 2018, 40(1): 1-12.
SUN Jian, BAO Hanyong. Comprehensive characterization of shale
gasreservoirs: A case study from Fuling shale gas field[J]. Petroleum
Geology & Experiment, 2018, 40(1): 1-12.
CURTIS M E, SONDERGELD C H, AMBROSE R J, et 4.
Microstructural investigation of gas shales in two and three
dimensions using nanometer-scale resolution imaging[J]. AAPG
Bulletin, 2012, 96(4): 665-677.

[J. , 2014, 34(6): 9-16.
GUO Xusheng, LI Yuping, LIU Ruobing, et al. Characteristics and
controlling factors of micro-pore structures of Longmaxi shale play
in the Jiaoshiba area, Sichuan Basin[J]. Natural Gas Industry, 2014,
34(6): 9-16.
— [J. , 2014, 34(6): 37-41.
WEI Zhihong, WEI Xiangfeng. Comparison of gas-bearing property
between different pore types of shale: A case from the Upper
Ordovician Wufeng and Longmaxi Formations in the Jiaoshiba area,
Sichuan Basin[J]. Natural Gas Industry, 2014, 34(6): 37-41.

. GB/T 31483—2015

[J. , 2016, 43(1): 76.
XU Huaixian. Naitonal Standard GB/T 31483—2015 builds
geological evaluation specification for shell gas[J]. Petroleum
Exploration and Development, 2016, 43(1): 76.

— .
361-365.
WEI Zhihong. Difference of organic pores in organic matter: A case
from graptolite shales of Wufeng Formation—Longmaxi Formation
in Sichuan Basin, China[J]. Journal of Chengdu University of
Technology, 2015, 42(3): 361-365.
CURTIS M E, CARDOTT B J, SONDERGELD C H, et 4.
Development of organic porosity in the Woodford Shale with
increasing thermal maturity[J]. International Journal of Coal Geology,
2012, 103(23): 26-31.
MASTALERZ M, SCHIMMELMANN A, DROBNIAK A, et al.
Porosity of Devonian and Mississippian new Albany shale across a
maturation gradient: Insights from organic petrology, gas adsorption,
and mercury intrusion[J]. AAPG Bulletin, 2013, 97(10): 1621-1643.

, 2015, 42(3):

[J. , 2017, 38(1): 23-30.
MA Zhongliang, ZHENG Lunju, XU Xuhui, et a. Thermal
simulation experiment on the formation and evolution of organic
pores in organic-rich shale[J]. Acta Petrolei Sinica, 2017, 38(1):
23-30.
[J. , 2015, 33(5): 1053-1061.
DONG Chunmei, MA Cunfei, LUAN Guogiang, et a. Pyrolysis



574

Vol. 45 No.4

(52]

(53]

(54]

[55]

[56]

(57]

(58]

(59]

[60]

[61]

[62]

(63]

simulation experiment and diagenesis evolution pattern of shale[J].
Acta Sedimentologica Sinica, 2015, 33(5): 1053-1061.
. Woodford [J.
, 2013, 34(5): 820-825.

HU Haiyan. Porosity evolution of the organic-rich shale with thermal
maturity increasing[J]. Acta Petrolei Sinica, 2013, 34(5): 820-825.

[J]. , 2013, 40(6): 764-768.
WANG Feiyu, GUAN Jing, FENG Weiping, et a. Evolution of
overmature marine shale porosity and implication to the free gas
volume[J]. Petroleum Exploration and Development, 2013, 40(6):
764-768.

[J]. , 2017, 38(2): 175-184.

LIU Wenping, ZHANG Chenglin, GAO Guidong, et a. Controlling
factors and evolution laws of shale porosity in Longmaxi Formation,
Sichuan Basin[J]. Acta Petrolei Sinica, 2017, 38(2): 175-184.

[J]. , 2014, 34(8): 1-7.
WANG Yuman, DONG Dazhong, CHENG Xiangzhi, et al. Electric
property evidences of the carbonification of organic matters in
marine shales and its geologic significance: A case of the Lower
Cambrian Qiongzhusi shale in southern Sichuan Basin[J]. Natural
Gas Industry, 2014, 34(8): 1-7.
MILLIKEN K L, RUDNICKI M, DAVID N, et a. Organic
matter-hosted pore system, Marcellus Formation (Devonian),
PennsylvanialJ]. AAPG Bulletin, 2013, 97(2): 177-200.

[J. , 2018, 40(1): 44-47.
LIU Yaowen, WANG Jin, ZHANG Mengyin, et al. Pore features of
shale gas layer in Wufeng Longmaxi formations in Fuling area of
Sichuan Basin and the application to development[J]. Petroleum
Geology Experiment, 2018, 40(1): 44-47.

[J. , 2016, 30(1): 155-162.
YUAN Yusong, ZHOU Yan, QIU Dengfeng, et a. Formation
mechanism and characteristics of non-tectonic fractures in shales[J].
Geoscience, 2016, 30(1): 155-162.
[J. , 2017, 22(2): 25-30.
HUANG Renchun, WEI Xiangfeng, WANG Qiang. Key factors of
shale gas accumulation in Dingshan area of southeastern Sichuan
Basin[J]. Marine Origin Petroleum Geology, 2017, 22(2): 25-30.
[J. , 2016, 37(6): 809-818.
SUN Jian, LUO Bing. Structural deformation and its influences on
gas storage in Fuling shale gas play, the Sichuan Basin[J]. Oil
Gas Geology, 2016, 37(6): 809-818.
[J. , 2016, 23(2): 48-54.

LIU Honglin, WANG Hongyan, FANG Chaohe, et al. The formation
mechanism of over-pressure reservoir and target screening index of
the marine shale in the South China[J]. Earth Science Frontiers, 2016,
23(2): 48-54.

, . . [J.

, 2016, 38(4): 438-444.

YU Lingjie, FAN Ming, TENGER, et al. Study of shale gas storage
occurrence under burial conditions[J]. Petroleum Geology &
Experiment, 2016, 38(4): 438-444.

[64]

[65]

[66]

[67]

(68]

[69]

[70]

[71]

[72]

[J. , 2014, 35(3): 359-364.
HU Huiting, WANG Long, LIU Yan, et a. Research method of fault
vertical sealing capacity in overpressure mudstone caprock and its
application[J]. Oil Gas Geology, 2014, 35(3): 359-364.
[J. , 2018, 40(1): 20-24.
HU Degao, LIU Chao. Geological factors of well fracability in
Fuling shale gas field, Sichuan Basin[J]. Petroleum Geology
Experiment, 2018, 40(1): 20-24.
[J. , 2010, 30(10): 30-34.
CHEN Zuo, XUE Chengjin, JANG Tingxue, et a. Proposals for the
application of fracturing by stimulated reservoir volume(SRV) in
shale gas wellsin China]J]. Natural Gas Industry, 2010, 30(10): 30-34.
[J. , 2012, 14(6): 106-112.
JIA Changgui, LI Shuangming, WANG Haitao, et al. Shale reservoir
network fracturing technology research and experiment[J]. Engineering
Sciences, 2012, 14(6): 106-112.
[J. , 2016, 43(6): 978-985.
LIU Naizhen, WANG Guoyong. Shale gas sweet spot identification
and precise geo-steering drilling in Weiyuan Block of Sichuan Basin,
SW China[J]. Petroleum Exploration and Development, 2016, 43(6):
978-985.

, . [
, 2018, 45(1): 161-169.
MA Xinhua, XIE Jun. The progress and prospects of shale gas
exploration and exploitation in southern Sichuan Basin, SW China[J].
Petroleum Exploration and Development, 2018, 45(1): 161-169.
[J]. , 2010, 37(6): 641-653.

ZOU Caineng, DONG Dazhong, WANG Shejiao, et al. Geological
characteristics, formation mechanism and resource potential of shale
gas in China[J]. Petroleum Exploration and Development, 2010,
37(6): 641-653.
[J. , 2014, 41(3): 268-277.
DU Jinhu, ZOU Caineng, XU Chunchun, et a. Theoretical and
technical innovations in strategic discovery of huge gas fields in
Longwangmiao Formation of central Sichuan paleo-uplift, Sichuan
Basin[J]. Petroleum Exploration and Development, 2014, 41(3): 268-277.

[J. ( ), 2013, 40(5): 511-520.
LIU Shugen, SUN Wei, LUO Zhili, et a. Xingkai taphrogenesis and
petroleum exploration from Upper Sinian to Cambrian Strata in
Sichuan Basin, China[J]. Journal of Chengdu University of
Technology (Science & Technology Edition), 2013, 40(5): 511-520.
[J]. , 2016, 38(4): 445-452.
YAN Jihong, LI Qigui, ZHU Xiang. Main factors controlling shale
gas accumulation and exploration targets in the Lower Cambrian,
Sichuan Basin and its periphery[J]. Petroleum Geology &
Experiment, 2016, 38(4): 445-452.

F—EHE N DARA (1961-), F, AREFLZEAHMA, HE, +

HIifgkkt, PEEMCTERN)HRASAIEN, TEAELH
RAANFTAARFEMIRA 5 FRF TAE. sk e XT3 T XA 22 5,
FE G ML TEANS], WRBE LA 100728. E-mail: yongshma@126.com

fSHER: 2018-04-16  f&[E HER: 2018-06-21

25

~





