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Abstract: With the development and breakthroughs made in sweet spot assessment of unconventional gas, multi-stage
hydraulic fracturing in horizontal wells, and simultaneous development of multiple pay zones, the exploration and
development paradigm of unconventional gas has shifted from single mode to composite mode. The joint exploration and
commingled production of unconventional gases from coal measure strata of marine-to-continental transitional facies is
expected to become a new “unconventional revolution” following the shale revolution. The Carboniferous-Permian is of
the most important source rock sequences in the Ordos Basin, featuring huge potential in unconventional gas resources,
though at the initial stages of exploration and development. Based on exploration progresses made and research results

achieved during the 13th Five-Year Plan period, we summarize the geological features of the Carboniferous-Permian coal-
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measure unconventional gas in the Ordos Basin, that is, “two sources, three highs, and three gases”. The
Carboniferous-Permian is dominated by multiple types of lithology or lithological components, and the coal-rich
components( “two sources”) are major targets in exploration, among others. The organic macerals of the source rocks are
dominated by vitrinite, and organic pores and micro-fractures are the main reservoir spaces, characterized by high total
organic carbon content, high thermal maturity, and high gas content ( “three highs” ). The gas occurrence is markedly
differentiated between deep and shallow layers, with adsorbed gases dominating the shallow coal seams, and free gases
occurring in the deep coal seams, resulting in the coexistence of coalbed methane, shale gas and tight sand gas ( “three
gases” ), and the existence of their various combinations. Regarding challenges such as tightness of reservoirs, large
difficulty in sweet spot identification, and relatively high stresses, we have developed drilling and completion technique
of “long lateral, large pumping rate, large liquid volume and high sand load” , which could be of effective supports to
breakthroughs made in unconventional gas exploration in deep coal-measure reservoirs. It is suggested to further
strengthen the comprehensive research on coal-measure source rocks and lithological assemblages, establish theory and
technology for integrated evaluation of geological and engineering sweet spots, and develop supporting technologies in
exploration, development, and engineering, in an effort to accelerate high-quality development of unconventional gas in
the Ordos Basin during the 14th Five-Year Plan period.
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Fig. 1

Map of sedimentary facies (a) and stratigraphic column (b) of the Carboniferous-Lower Permian in the Ordos Basin
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Fig. 2 Column showing the lithological assemblages of the Benxi—Shanxi Formations in Well D38 in the northeastern Ordos Basin
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Fig. 4  Gas content vs. burial depth for different coal ranks and areas in the Ordos Basin (modified from reference [37])
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Fig. 7 Schematic diagram showing joint exploration of different types of unconventional gas in the Carboniferous-Permian in the Ordos Basin

(see Fig. 1 for the profile location)



F5H

FRIT, A5 SRR Z WA e R - — B AR AR MR IR TR A 8 5 TS 7 1) 1021

JEBURE RN E SENLBRT ST, PR S AR IR AR,
BRI T2, LSRR 2 M i s R AR
DRI

3)E AP I IE S EAR R E R R TR IRZ
W R TR Z A R AR AL A O TT 1)

TESPRZ WA A R Z - B R HERZE, A
Z HIRZ AT R R . P, RZ R AR AL
OB R R 1 i B SE BT, A B O AR R
HIT KW et o SR 22 30 G 3t K U 24 84 L v 24
S#IE AR Z B AR , & SRR, B S e, BT
JIR AR B R B R A= 0% AR 5 -k
PAEE 5 NN RN AR D N NS | T G R '
SKT5 1) 2 b o i A5 AN AR R PO AR T . R,
R I PY AL ORI R R R Bon PR A s
(22 Sk RN Ok, S8 38 IR T2, s HE
KA, LR R R R RO A

4) - TR — R B B RS AT R AR AR L
R RIS T A B A T PR

HREZR AR BRI FE I 2 SR U IR - TR — A
TR SE B 22 56, 25 75 B IR ot o A 4 P B B H

B DEEE<3 N 10 N 9 SN ¢ e i i
Pl 8 2 i B )™ B A S B I AT, 28 T Mt Jo — RO
HRAL TR MR 1A S LT 10 2 RE
Zo PR AT AR W B e R R TR TR
AR AE T8 8 i P A S [ IS AR A Bl e IR 2R
S B R 3 3] 1Y) S B T AU R ] Bt 2 e A A AR e
45, Jd R 58 35 VG 1E BT 255 VA BLE GR A AR
S TDT ), Y R B AR S R RS AR LA R —
PRAC D ERTT 48 AR AR X, R g e e o [ B R
(BRI €l e

4 255

DSR2t e R KA KN &5 P4
JEREFRARE AR B2 B VIR Z A &2
WA Z AR AR 2 W LA A e A HILIT
HAE I FAR T AR, BA R TOC iR,
i & PR ARAE

2)MERARHE MU N BB AT SRR TR A
AR IR RIE AL R T B A
o, HA AR BB, AR IR A AR S [ LA HILFLAN
EEE N T WIZIE)Z IR o0 & B R SRR
5, MR AT AR B, & e (R I LR A
JRECRAE

3) RATRIZ IR NE 2 A GE R B INVRMER ™ 45 7]
LRI T ROKP BE R R R
OB SEIE 20, S S 1|l DR R AR ML U B AR
BRI T A J1 385

4) SRR 2 M HE A AR LRI R T (A
SR AR BUIESR . O T HESIBEARAR WAL &
TSR A PR A )= TR M S TSR LR S IR
SEABIRIT ABOAR , Do SR R A TR R A, TOGTR
JZ JE R R AR - TR AR

2 % X W

(1] &R, ek, w8, 5. BT b E R ATk
KRR EERET]. RAHERRL, 2014, 25(1): 1-22.
Dai Jinxing, Ni Yunyan, Huang Shipeng, et al. Significant func-
tion of coal-derived gas study for natural gas industry development
in China[J]. Natural Gas Geosciences, 2014, 25(1): 1-22.

(2] Z55, WA, WEN,. RESIRGEHRNEE—RR =

A7 BRI ZE SR R v b BT ]. R AR AR
2016, 41(1):14-23.
Qin Yong, Shen Jian, Shen Yulin. Mining compatibility of super-
posed gas-bearing systems: A general geological problem for
extraction of three natural gases and deep CBM in coal series [J].
Journal of China Coal Society, 2016, 41(1):11-18.

(3] SEIET:, WA, XK, 55 DO fotl — 5 206 ki AR 01

AR KR )] KRBT, 2018, 38(10):
11-18.
Guo Xusheng, Hu Dongfeng, Liu Ruobing, et al. Geological con-
ditions and exploration potential of Permian marine-continent
transitional facies shale gas in the Sichuan Basin [J]. Natural Gas
Industry, 2018, 38(10):11-18.

(4] SRETF, #0H, X%, . PREAA =07 KRR TR

PR HTRREEL ] KRR Tk, 2021, 41(8):12-22.
Guo Xusheng, CaiXunyu, Liu Jinlian, et al. Natural gas explo-
ration progress of Sinopec during the 13th Five-Year Plan and
prospect forecast during the 14th Five-Year Plan[J]. Natural Gas
Industry, 2021, 41(8):12-22.

(5] Z&55. SR A R E e ()], R T,
2018, 38(4):26-36.

QinYong. Research progress of symbiotic accumulation of coal
measure gas in ChinalJ]. Natural Gas Industry, 2018, 38(4):26-
36.

(6] Ik, Zo55, BRUbDL, &5 . M2 )2 RE 4 3 6] S5 A RRAIE B

PERIBLEELD ). HuBRA, 2013, 87(1):139-144.
Yang Zhaobiao, Qin Yong, Chen Shiyue, et al. Controlling me-
chanism and vertical distribution characteristics of reservoir energy
of multi-coalbeds [ J]. Journal of Geological, 2013, 87(1) : 139-
144.

(7] KA, GBeql, HIEH, . AL R KRR MR
FAERILT ). HEBE4R, 2016, 41(1):202-211.

Zhu Yanming, Hou Xiaowei, Cai Zhaobang, et al. Resources and



1022

EER i IS PN

13

My 5t

43 5

[10]

[11]

[12]

[13]

[14]

[15]

[16]

reservoir formation of unconventional gas in coal measure, Hebei
Province [ J]. Journal of China Coal Society, 2016, 41(1) :202—
211.

ZE0 . AR PLOSHERR M R A AR RS
[J). HEBHHR , 2020, 32(9):26-32+58.

Qin Yong. Progress in research and thinking on coal measures gas

R %

(CMG) paragenetic system based on paragenesis theory [J]. Coal
Geology of China, 2020, 32(9):26-32+58.

BT, WIRETDT . ik, . RIS R S R e &=
LR T ]. A E LT, 2021, 48(2): 402-423.

Bi Caiqin, Hu Zhifang, Tang Dazhen, et al. Research progress of
coal measure gas and some important scientific problems [J].
Geology in China, 2021, 48(2):402-423.

ARARE, R, BN, SF . RIS JE A
SRIERSEL] AR S TIFR, 2019, 46(3) :433-442.

Zou Caineng, Yang Zhi, Huang Shipeng, et al. Resource types,
formation, distribution and prospects of coal-measure gas [J].
Petroleum Exploration and Development, 2019, 46(3) :433-442.

SR T, RN, BIER, . TEBZ RIS SIS T A
JHPESM T ], BEse 4, 2018, 43(6) : 1598-1604.

Zhang Daoyong, Zhu Jie, Zhao Xianliang, et al. Dynamic assess-
ment of coalbed methane resources and availability in China [J].

Journal of China Coal Society, 2018, 43(6): 1598-1604.

i B DA AR DRI 5 T L R L R BT IR T
EWN LA M. Joat: Bles Rt 2016.

Research Center for Oil and Gas Resources Strategy, Ministry of
Land and Resources. National shale gas resource potential survey
and evaluation and favorable area selection[M]. Beijing: Science
Press, 2016.

FAL, I, IVROE, 4‘% VLR 2R RARSTF AR o el A
ﬁﬂi%n@%%%ﬁrm 2247, 2016, 41(1):67-71.
Li Wuzhong, Sun Bin, Sun Qinping, et al. Analysis on coal-bed
methane development based on coal measure gas in China and its
countermeasure[ J]. Journal of China Coal Society, 2016, 41(1):
67-71.
AT, YER T, RMRNE, A
HOURHE 5 I 4 2 Bef it
(1):122-129.

ZS AR Ml DA AR 17 A
RIRPS St ﬂﬁﬂ%ﬂ%,zms 29
Shan Yansheng, Bi Caiqin, Chi Huanpeng, et al. Geological
characteristics of coalbed methane and optimization for favorable
productive intervals of Yangmeishu syncline in Liupanshuiarea
[J]. Natural Gas Geoscience, 2018, 29(1):122-129.

LA, Tl P EBER RARAIR G R 0 M e 5 A et
FLI] RIVRI, 2020, 40(1):152-159.

Jiang Shanyu, Wang Feng. Strategic choice and development
countermeasures for the commingled exploration and exploitation
of coal measure natural gas in China[]].
2020, 40(1):152-159.

fup s, FRME . IR R BTRIT R —— LSRR 2 M A
R A M BT ]. A R, 2022, 43(2): 277
- 285.

Natural Gas Industry,

He Faqi, Dong Zhaoxiong. Development potential of deep coalbed

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

methane: A case study in the Daniudi gas field, Ordos Basin[J].
0il & Gas Geology, 2022, 43(2): 277 - 285.

TR . BRIR 22 307 4 B A T Ak SR s e A AR £ 42 1
[J]. Mm%, 2017, 24(2) :54-63.

Wang Shuangming. Ordos Basin superposed evolution and struc-
tural controls of coal forming activities[J]. Earth Science Frontiers,
2017, 24(2) :54-63.

WRA . SR Z PTG v i i S ] ML
EFER AR L, 1990:91-105.

Yang Junjie. Structures and oil and gas in the thrust zone on the

CEMH

western margin of Ordos Basin [M]. Lanzhou: Ganshu Science

and Technology Press, 1990: 91-105.

ﬁ}”‘& UL, FFE PR, 4 SRR 2007 4 K FLAR IX O Hi iy
1 AR HOH R L CRRAE L) ], Al i, 2021, 42(10) - 1255-
1269.

He Dengfa, Bao Hongping, Kai Baize, et al. Critical tectonic
modification periods and its geologic features of Ordos Basin and
adjacent area[J]. Acta Petrolei Sinica, 2021, 42 (10) : 1255-
1269.

TR, KNGS, DU, 5. SR 2 I X gt AR AR TR A 7
et IEAR LT ] DUBA, 1998, 16(3):44-51.

Guo Yinghai, Liu Huanjie, Quan Biao, et al. Late Paleozoic sedi-
mentary system and paleogeographic evolution of Ordos area [J].
Acta Sedimentologica Sinica, 1998,16(3):44-51.

a4, JESL 5, XHL, 5. SRR 2 AR SRR
JE IS R AR SRR A (D). P AL, 2019, 24(4)
418-430.

Fu Jinhua, Fan Liyong, Liu Xinshe, et al. New progresses, pro-
spects and countermeasures of natural gas exploration in the Ordos
Basin[J]. China Petroleum Exploratiun 2019, 24(4):418-430.
AR, BRAE, ARTOAK, AL SRR 2T A KR G b X R AR
APIBUE AL ]. R, 2021, 23(1):39-52.

Li Wenhou, Zhang Qian, Li Keyong, et al. Sedimentary evolution
of the late Paleozoic in Ordos Basin and its adjacent areas [J].
Journal of palaeogeography, 2021, 23(1):39-52.
PEANEE . SRR Z 8 A Lol A SRR TUA R S
SFEXID]. A6 A E M B (650, 2014,

Ku Xifeng.

T

Resource potential evaluation and favorable explo-
ration areas prediction of the shale gas in Upper Paleozoic Taiyuan
Formation in Ordos Basin [D]. Beijing: China University of
Geosciences (Beijing) , 2014.
Bl S0, EEIR, WA SR R u R E
RER B HOT R S 2 A )], Bhes R 5 TR, 2021, 21
(22):9169-9193.
Teng Jiwen, Wang Yuchen, Si Xiang, et al. Diversified trans-
formation of coal and coalbed methane: China's fossil energy
supply and demand [J]. Science
Technology and Engineering, 2021, 21 (22):9169-9193.
TR, FRLIME, WA . PR 2 M A b 2R SRR R AR
FRRRTSELT ] MR I L, 2014, 33(6):69-77.

Guo Shaobin, Zheng Hongmei, Huang Jiaguo.

exploration, development,

U
Integrated ex-

ploration prospects of unconventional gas of Upper Paleozoic in



F5H

T, A5 SRS A R R - B R RARE RA

SEHRTIT Kt J 5 Ty ) 1023

Ordos Basin[J]. Geological Scientific Information, 2014, 33( 6):
69-717.

BEE . HERAER)Z TR S BN AR —— AR R 2 8
I — RO BITD ] SN SRR LR, 2020.

Li Guozhang. Contribution and its prediction model of production
strata for joint CMG mining: A case from Linxing-Shenfu Area in
Ordos Basin, China[D].
Technology, 2020.

Xuzhou: China University of Mining and

Wl . SRR 2 AR G R VU SR Z R EPE R (], P
T BT, 2020, 32(1):65-72.

Huang Ting. Assessment of coal measures shale gas reservoir
features in Ordos Basin eastern margin[J]. Coal Geology of China,

2020, 32(1):65-72.

R, TL0A, MR, % . M-Rd PR O AL BeA HIE
B B S R AL A VLSRR 2 307 4 b 7R % — 3% &% Ll 9 4 191

(I, Al S %, 2021, 48(6): 1-13.

Wu Jin, Wang Hongyan, Shi Zhensheng, et al. Favorable lithofacies
types and genesis of marine-continental transitional black shale: A
case study of Permian Shanxi Formation in the eastern margin of
Ordos Basin, NW China[J]. Petroleum Exploration and Development,
2021, 48(6): 1-13.

RCHN AR, 2855 . R £ i b AR TS L B S 38 43
[J]. hEESHE, 2014, 26(1):22-25+33.

Zhao Lijuan, Qin Yong. Experimental analysis of coal and rock
pore characteristics in Eastern Ordos Basin [J]. Coal Geology of
China, 2014, 26(1):22-25+33.

S, XA, W . S8R 2 A I L X ST A K AL
B B R M A R R R [T ] il S RIS, 2014, 35
(4):542-550.

Wu Jianguo, Liu Dameng, Yao Yanbin. Characteristics and con-
trolling factors of nanopores in shales in Weibei, Ordos Basin[J].
0il and Gas Geology, 2014, 35(4) :542-550.

BT, RTT, XA, % SR EZH G RAE R A
SRR ], BEBAAI, 2016, 41(2) 5277-285.

Cao Daiyong, Liu Kang, Liu Jincheng, et al. Combination charac-
teristics of unconventional gas in coal measure in the west margin
of Ordos Basin[J]. Journal of China Coal Society, 2016, 41(2):
277-285.

PRI, 8155 4r . SRR Z b R S N B R Z 2
PREAERITT ], AR, 2018, 43(6) :1572-1579.

Chen Gang, Hu Zongquan. Discussion on the model of enrichment

(L

[33]

[34]

[35]

and high yield of deep coalbed methane in Yanchuannan area at
south-eastern Ordos Basin [J]. Journal of China Coal Society, 2018,
43(6):1572-1579.

BT, B, FER, F SRS I ARG IR D X R
I T R L) ). BRI, 2018, 43(6) :1526-
1532.

Cao Daiyong, Nie Jing, Wang Anmin, et al. Structural and
thermal control of enrichment conditions of coal measure gases in
Linxing block of eastern Ordos Basin [J]. Journal of China Coal
Society, 2018, 43(6):1526-1532.

XM . SRR 23 A i 20T 7 TR AR W AR LA AT L[ D .
T R ERREER), 2016.

Liu Peng. Research on genetic relationship and enrichment
patterns of hydrocarbon resources of Ordos Basin [D]. Qingdao:
China University of Petroleum (East China), 2016.

INETER . SR 22 T A MO AR T 1L PG A DU AL B AE R4 o R =R
[D]. dbst: spEHF AR (bs0) , 2019.

Sun Yinsen. Pore characterization and control factors of Shanxi
shale in eastern Ordos Basin [D]. Beijing: China University of
Geosciences (Beijing), 2019.

K, £ e, S E X A AR Il AR 5T
EIIERATELL ] A SR T, 2021, 43(3):377-385+414.
Guo Shaobin, Wang Zilong, Ma Xiao. Exploration prospect of
shale gas with Permian transitional facies of some key areas in
ChinalJ]. Petroleum Geology & Experiment, 2021, 43(3) :377-
385+414.

PRRN, 2253, W0 de, 55 ARIEBRIEZ & it 28 57 S HZ
PERUEELY ], e RHTAAR, 2015, 21(2) 2 274-279.

Chen Gang, Qin Yong, Hu Zongquan, et al. Variations of gas
content in deep coalbeds of different coal ranks [J]. Geological
Journal of China Universities, 2015, 21(2): 274-279.

Wang Feiteng, Guo Shaobin.
Ordos Basin [J].
211:103231.
INEER . P EBR R ROR R BRI [T).
i<, 2021, 33(4):120-128.

Shale gas content evolution in the

International Journal of Coal Geology, 2019,
T g L
Sun Hansen. Development status and prospect of CBM fracturing
technology in China[J]. China Onshore Oil and Gas, 2021, 33
(4):120-128.

(# KRELHK)



