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Abstract: The Gulong Sag in the Songliao Basin is an important region of China where significant breakthroughs have
been achieved in the exploration of medium- and high-maturity lacustrine shale oil. However, the major controlling
factors and evolution patterns of shale reservoirs in this sag remain poorly understood. This study focuses on shales in the
Ist member of the Qingshankou Formation (also referred to as the Qing 1 Member) in the Gulong Sag. By integrating
multiple analytical techniques, including Rock-Eval pyrolysis, X-ray diffraction (XRD) , scanning electron microscopy
(SEM) , nitrogen adsorption, high-pressure mercury injection (HPMI) , and nuclear magnetic resonance (NMR) , we
systematically analyze the organic geochemical characteristics of the shales, as well as the reservoir space types and their
sizes and distribution patterns. The analytical results show that the shales in the sag contain organic matter dominated by
high-quality Type I kerogen. These shales were deposited in a semi-deep to deep lacustrine anoxic environment and are

currently in oil generation state with moderate to high maturity. Reservoir development in the shales is jointly governed
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by the sedimentary environment, diagenesis, organic matter type, and thermal evolution. Specifically, intense
compaction and cementation in the early stage lead to substantial loss of primary pores. With an increase in thermal
maturity, the dissolution of minerals such as feldspars, together with the hydrocarbon generation of organic matter,
collectively contribute to secondary pore growth. Consequently, reservoir spaces in the shales progressively evolve into
an organic-matter- and clay-hosted composite pore system dominated by nano-scale pores. The reservoir space evolution
pattern of shales in the Qing 1 Member established in this study provides an important theoretical basis for shale oil
exploration in the Gulong Sag. Furthermore, other relevant patterns and research approaches involved in this study may
provide references for the exploration of other shale oil plays.
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Fig. 1 Regional location of the Gulong Sag (a) and the sedimentary facies of the Qing 1 Member (b) in the Songliao Basin"
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Fig. 2 Stratigraphic composite column of the Gulong Sag, Songliao Basin'?
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Fig. 3 Schematic diagram showing the preparation workflow of
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Fig. 7 Developmental characteristics of inorganic pores within the shale reservoirs in the Qing 1 Member, northern Songliao Basin
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Fig. 10 HPMI-derived pore-throat diameter distribution curves of

shales in the Qing 1 Member, northern Songliao Basin

150 — #6801JF, ML 148.18 m, R =0.57%

— @21k, MR 662.05m, R =091%
— BERIR201FF, HMIER2291.66m, R =1.18%

J7, K2 512.53 m, R—145%

JUIOHCHF, H7£2528.55 m, R =1.64%

\

100

50

(dV/dlg Dyx10¥/(cm/g)

Il
100 000

0.1 10 1000 10 000 000
FLIR B A2 /nm
B FAIL A AL BT — B DU B TR LIR T35 i fL A2
I 2R
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curves of shales in the Qing 1 Member, northern Songliao Basin
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northern Songliao Basin

(R A BB ST 5 C—C R (RIA R RIRAL LY ) 5 Co—C AR B 18 23 (1 i B B 5 C g, T BT 2H 3 (Simh B A L g B i o3 <

Hh— 8 HE S SRR R o5 — BB o3l B A8 DU =
e I o 0 o D A 4 ) R T AL BT AR ] L A 2E 4
5o UL, TR AR B AR A LS N FR I
B2 IR A AT FLBEE , 02 fal 50 b £ ™ Wy J= e L
(48) R o 1A HLBFIEE L0 W) 04 fih S 1, 6 LR
T S T SR A LB TR SR
JRARTE o R )3 JTOT T, B T AR B R 4
HREM], FFEE R A LR , HE— 2D M5 7 X v
BRR ER A AT 5 i 0 WY i AR T SR, i T
BIFSE DX R S IR Ay 35 4 3l B A1, o 2 i) 5 fnkt
FLBRTE B AR AL IR R b i LU, R RER A R i
eZ= 0], SO R TR AR IR DR = AR R (EARE R,
PAA BILBAR S AL B T2 i FL 2 ) S 2 1, o A A=
TR A R PEIE T SRR X — BBl W A ERR
JERE Y A A ARG KT L LB Px 2L i
L5y, AL BOR , F —BOUa LB A H T
fi B2 P T AU e SO AR

4.5.4 PR EBHETH(R >1.3%)

e B BeAd T s B B B X — B B oAl
W) AR LG L0 Wy i) — 2 5 A O SR BRI,

BT b— W B, BH/5 R )2 L) B SR B AIG, PR A
. W, B AR AR A AR Skl a A VR TR
Lt AT R R A KRS & WA . FEA L
FRAE AL T, RS AR R AR R O T RS T R
T M2 0 TR 2RO IR K i R, A AR
N FE MY I, T — B e v AR HE R
BB B sl BOm R B AW HE AR & | A
BRI G T ) 3 LR L 2 2 L 2 L)
453 LAtk — 2B BT, Rl s I A LB AH S AL IIE B, I 78
)2 R S MR T ok TERIAFN 1. 2% ~ 1.3%
I XIS FLIE R T BN A R R s B A
i — 25T, A LSS R A, B R DU e
JER (R AT AL 5T 2R A ke BR LB o

5 i

D) A MRS — B IUA & B LAR s B0
I BUAT AL, )%iﬁja T80, R 2 DR AH — R AH 1Y
SIS R AR B . R A L i
oA LS W i AL S5 IH FE , TOC H 4R 1Y 3. 8% ~
6. 0% FEZFLA K 1. 0% ~ 3. 0%, {H H& fARAT {435 rpr 45—



F3M

B, 45 . FALLZE L AR b S L 2 DU 2 S A A R R i A 949

B A PR F R . 00 AR AL T - BB B
R VUATH B A B B PR T R AP SR

2) F—BRTUA M EA MR R E kL]
fL R AL LA AP RRAL AL -F Y
52 AL B A BT 4 4 45 6 LB o AN [R] L BR AE AR
JER KR 25 0% LR T DGR IALIR
h B E LR R . o F YR L R
TEBAEA T ACIRFL B sz 1) L 22 522 < BR KO AR FLAR 20 A
TR, LA 2 ~ 50 nm Y P ALoR 3 AR A )2 R 21
(Rl 35 S AR AE

3) H LA TUA R & B Z U sk
FH AL 3 B e R Al B ) D IRl 4 o 2 R )
AH =TT R A 5l SR BR B LA KO 1R A ) T LT Y
A EME A R, RS S g AR S8
TEHLALBRIE D | i A 550 0 i E L, DL A PL
Az Ja i R B B A K A BT R LR AL -2
TR AL WML R R i E AL

4) 5 1 H e TUA 2 A 2 A VR S A L
Jo B A ) P R 4 ) - OFE FBCE B B (R, < 0. 5%)
fitr 523 18] L A= LB N 32, SR N 2 A D03 1T 30
b @it A A A BRI (0. 5% < R, < 0.8%) , %
T WAL S A HLER I B AE R sk A EALALBR , [+
BEA HLBTFLBR I G501 8 K & s @ A A B Be i 4]
(0.8% < R, < 1.3%) T~ Mt HR PR 24 g 1 £ 45 LT £L B
BOA LR 2R ) 2 2R [ [ A0 Y e 45 SRR AL
Bl @ik AU BB BRI (R, > 1.3%) , R IIE K
AR O ERE S AR B B s R R B
Y2 E AL, TR TR R A LT 24 LB, X S LR A
EEAE TR A SRR, B 2 i — T
LA Ry JEE 1 5 BA LB LL B i i 1 n o 3k — Y4k
HRER T — B OUA B2 At TEHLFLRR 57 )
“HHLBTFLER £ 5 AR A AR

2 % x W

(1] RESC, £NE, sk&hK, 55 AT A HbRIAR TS s 5 500
RATT RAMX L] b, 2023, 44(1): 110-124.
ZHU Guowen, WANG Xiaojun, ZHANG Jinyou,

Enrichment conditions and favorable zones for exploration and

et al.

development of continental shale oil in Songliao Basin [J]. Acta
Petrolei Sinica, 2023, 44(1): 110-124.

(2] AU SCIH . FAL 4 b oty D 11T s D i )2 o 1y 8 L 9 5 B HL
BB IR ). 2RISR, 2023, 30(1): 156-173.
HE Wenyuan. Preliminary study on nanopores, nanofissures, and
in situ accumulation of Gulong shale oil [J]. Earth Science
Frontiers, 2023, 30(1): 156-173.

(3] RUngl, RAnd:, JRF, 4. o E E0% 82 1L B S5 R AE T
VE L ) R ROk e e Tl (). A7l , 2016, 37(11)

(5]

(8]

[10]

1323-1336.

ZHU Rukai, WU Songtao, SU Ling, et al. Problems and future
works of porous texture characterization of tight reservoirs in China
[J]. Acta Petrolei Sinica, 2016, 37(11): 1323-1336.

FEXUT, 2L, RIS TUA IR AR E ORI 2
SYIFN[T]. AR ST &, 2018, 45(3): 436-444.
ZHANG Pengfei, et al

Classification of microscopic pore-throats and the grading

LU Shuangfang, LI Junqian,

evaluation on shale oil reservoirs [J]. Petroleum Exploration and
Development, 2018, 45(3): 436-444.

FRIE, A, R, L B E T RS AR R B
B J5 A U AT BL AR o3 T i S R LD ). A il 5 8l o
2021, 43(2): 360-367.

GAO Fenglin, WANG Chengxi, SONG Yan, et al. Ar-ion
polishing FE-SEM analysis of organic maceral identification []].
Petroleum Geology and Experiment, 2021, 43(2): 360-367.
INETE, T/NE, TR, A5 AL G e nUR AR LSRR
IEHLE 5 DUA I s R RRAE )], A5 R AR, 2023, 44
(6): 1350-1365.

SUN Longde, WANG Xiaojun, FENG Zihui, et al. Formation
mechanisms of nano-scale pores/fissures and shale oil enrichment
characteristics for Gulong shale, Songliao Basin [JT]. 0il & Gas
Geology, 2023, 44(6): 1350-1365.

SRIETE, BIESR, skTe, AL b E R SR 2 GO 1
PR BRI A S D], Al S SRR, 2025, 46(6)
1745-1761.

GUO Xusheng, ZHAO Peirong, ZHANG Yu, et al. Current
status, challenges, and future trends of the classification and
grading evaluation of lacustrine shale oil in China[J]. Oil & Gas
Geology, 2025, 46(6): 1745-1761.

INEEE, ERCE, AEWE, 5 SR YRG5 1L
HE N S 0 B AR A R SC—— DAL A R T L DA
BT AR ST &, 2024, 51(4): 708-719, 758.

SUN Longde, WANG Fenglan, BAI Xuefeng, et al. Discovery of
nano organo-clay complex pore-fractures in shale and its scientific
significances: A case study of Cretaceous Qingshankou Formation
shale, Songliao Basin, NE ChinalJ]. Petroleum Exploration and
Development, 2024, 51(4): 708-719, 758.

W, M, BB, 45 AN A R b XA LT 2H 9 D
FCE A S AR TERE [T, RPCA MM BT 5 I &, 2020, 39
(3): 72-85.

FENG Zihui, LIU Bo, SHAO Hongmei, et al. The diagenesis
evolution and accumulating performance of the mud shale in
Qingshankou Formation in Gulong area, Songliao Basin [J].
Petroleum Geology & Oilfield Development in Daqing, 2020, 39
(3): 72-85.
SHI Xiangyun, MISCH D, VRANJES-WESSELY S. A
comprehensive assessment of image processing variability in pore
structural investigations: Conventional thresholding vs. machine
learning approaches [J]. Gas Science and Engineering, 2023,
115: 205022.

XURH R, M, ARk, 4 AR L F A 33 37 43 A R E A
FHEERT]. R, 2023, 97(8): 2715-2727.

LIU Yuchen, LIU Bo, ZHU Huanlai, et al. The distribution
characteristics and main controlling factors of present-day
geothermal regime of the Songliao basin [J]. Acta Geologica

Sinica, 2023, 97(8): 2715-2727.



950 AT IR NN EXYES
[12] ] SCMH, 3 FHE, Sk4 k0, 5. ASIT 5 M Ab 30 e 1 oty o MENG Qi’an, LIN Tiefeng, ZHANG Jinyou, et al. In-situ
SHC J- 5t | T 4 AF [T 1. ¥ AREBE Y 5 71 %, 2022, 12(1): accumulation process and reservoir characteristics of shale oil: A
1-9. case study of Gulong shale oil in Songliao Basin [J]. Petroleum
HE Wenyuan, FENG Zihui, ZHANG Jinyou, et al. Geology & Oilfield Development in Daqing, 2022, 41 (3) :
Characteristics of geological section of Well-GYS8HC in Gulong 24-37.
Sag, northern Songliao Basin[J]. Petroleum Reservoir Evaluation [21] JARER, ®IA, FOUUN, 5. USRS U SORA AL
and Development, 2022, 12(1): 1-9. FLRE PP —— DAAA L 2 b 23 5% L T B 11 2 R YT 201 R
(3] Foscil, Snde, fHmm, 5. AL &t Je MR 77 1L 2 5 BILT]. £l S5 R THUR, 2025, 46(4): 1200-1214.
EUUHI S RE LA ML S AL T ], DOREdR, 2024, 42 ZHOU Nengwu, CHU Zhong, LU Shuangfang, et al. Coupled
(5): 1799-1816. accumulation mechanisms and quantitative evaluation of tight and
HE Wenyuan, MENG Qi’an, FU Xiuli, et al. Geochemical study shale gases: A case study of the Cretaceous Shahezi Formation,
of the sedimentary environment and its organic matter enrichment Xujiaweizi Fault Depression, Songliao Basin [J]. 0il & Gas
mechanism in  Qingshankou Formation shale, Gulong Sag, Geology, 2025, 46(4): 1200-1214.
Songliao Basin[J]. Acta Sedimentologica Sinica, 2024, 42(5) : [22] g, SR, AP, 55 . AT A Hhly e UA A L2 7 )2
1799-1816. Jal 73 Be g R (T). R AT i T 5 07 %, 2021, 40(5)
(14] 20, ER, sk, 5. op [ S0 G AR VO i 4L 20 AR 13-28.
K 1Y), Al SRR, 2023, 44(6) : 1479-1498. CUI Baowen, ZHANG Shun, FU Xiuli, et al. Organic sequence
LI Ming, WANG Min, ZHANG Jinyou, et al. Evaluation of the stratigraphic division and its influencing factors’ analyses for
compositions of lacustrine shale oil in China’s typical basins and Gulong shale in Songliao Basin[J]. Petroleum Geology & Oilfield
its implications [J]. Oil & Gas Geology, 2023, 44 (6) : 1479- Development in Daqing, 2021, 40(5): 13-28.
1498. (23] i, fISCON, S8, 55 . AN Ab il e vUR A bk &
(151 SAERR, wRKaL, SRR, 55 . AL Al e VORI AR IR 2 PR RAIE R IR ()], R B 5 01 & , 2022, 41
AL ST )] R B 5 T A, 2022, 41(3) (3): 68-79.
80-90. GAO Bo, HE Wenyuan, FENG Zihui, et al. Lithology, physical
ZENG Huasen, HUO Qiuli, ZHANG Xiaochang, et al. property, oil-bearing property and their controlling factors of
Quantitative analysis on occurrence evolution of Gulong shale oil Gulong shale in Songliao Basin[J]. Petroleum Geology & Oilfield
in Songliao Basin[J]. Petroleum Geology & Oilfield Development Development in Daging, 2022, 41(3): 68-79.
in Daqing, 2022, 41(3): 80-90. [24] LOUCKS R G, REED R M, RUPPEL S C, et al. Spectrum of
[16] #MEf, EEIC, Rdl, & . WU mEE£RNZETM 54 pore types and networks in mudrocks and a descriptive
FERVEFST (T ). AR ST %, 2023, 50(3) : 441-454. classification for matrix-related mudrock pores [J]. AAPG
SUN Longde, CUI Baowen, ZHU Rukai, et al. Shale oil Bulletin, 2012, 96(6): 1071-1098.
enrichment evaluation and production law in Gulong Sag, Songliao [25] ZHU Hongjian, HUANG Cheng, JU Yiwen, et al. Multi-scale
Basin, NE China [J]. Petroleum Exploration and Development, multi-dimensional characterization of clay-hosted pore networks of
2023, 50(3): 441-454. shale using FIBSEM, TEM, and X-ray micro-tomography:
[17] BASCH, gL, X, 45 . FRIE B AR s 2 00A w40 Implications for methane storage and migration [J]. Applied Clay
SOARELT]. ML, 2023, 30(1): 116-127. Science, 2021, 213: 106239.
ZHAO Wenzhi, ZHU Rukai, LIU Wei, et al. Lacustrine medium- [26] ZREAE, EWREE, BOR, & WE-BHEZEEHTUASERE
high maturity shale oil in onshore China: Enrichment conditions EHEYHT]. AE KRS H R, 2025, 46(6): 1792—
and occurrence features [J]. Earth Science Frontiers, 2023, 30 1806.
(1): 116-127. GUO Tonglou, DONG Xiaoxia, WEI Limin, et al. Mechanisms of
(18] M0k, SJade, Fhme &, 4. ML 1 R 1 F 41— Bt the differential enrichment and high productivity of deep to ultra-
S AR S R e K TR AR A [T]. Al SRR deep marine shale gas reservoirs [J]. Oil & Gas Geology, 2025,
JiT, 2024, 45(2): 406-419. 46(6): 1792-1806.
LIU Bo, MENG Qi’ an, FU Xiaofei, et al. Composition of [27] MENG Qingfeng, HAO Fang, TIAN Jingiang. Origins of non-
generated and expelled hydrocarbons and phase evolution of shale tectonic fractures in shale [J]. Earth-Science Reviews, 2021,
oil in the 1st member of Qingshankou Formation, Songliao Basin 222: 103825.
[J]. 0il & Gas Geology, 2024, 45(2) : 406-419. [28] REED R M, LOUCKS R G, KO L T. Scanning electron
[19]  FERKL, WALRR, kbels, 5. P Z T e TUA A LT RAAE microscope petrographic differentiation among different types of
U WIE A (1] R 5T 5 97 &, 2020, 39(3) : pores associated with organic matter in mudrocks [J]. GCAGS
86-96. Journal, 2020, 9: 17-27.
HUO Qiuli, ZENG Huasen, ZHANG Xiaochang, et al. Organic [29] DONG Tian, HARRIS N B, AYRANCI K, et al. The impact of
matter characteristics and shale oil formation of Gulong shale in rock composition on geomechanical properties of a shale
Songliao Basin[J]. Petroleum Geology & Oilfield Development in formation: Middle and Upper Devonian Horn River Group shale,
Daging, 2020, 39(3): 86-96. Northeast British Columbia, Canadal[J]. AAPG Bulletin, 2017,
[20] SER%, PREREE, sk, S5, ORI RGBT T A iy 101(2): 177-204.
fE——RUAR AL 43 M vty e 5UA il S L0 ], SRR A il b ot 5 91 [30] EA, W, ek, 5. M R —a kM Lo

K ,2022, 41(3): 24-37.

RO U AP S PRI [)]. KR HERBE, 2019,



F3M

B, 45 . FALLZE L AR b S L 2 DU 2 S A A R R i A 951

[38]

30(8): 1125-1133.
WANG Lan, ZENG Wenting, XIA Xiaomin, et al. Study on
lithofacies types and sedimentary environment of black shale of
Qingshankou Formation in Qijia-Gulong Depression, Songliao
Basin[J]. Natural Gas Geoscience, 2019, 30(8): 1125-1133.
B, A, WA, AF L BN A T e MG T — B AL
FRUEE LB 2 434 B BT AR SE A R R AR [T ], R A i T
FF& . 2021, 40(5): 29-39.

LIN Tiefeng, BAI Yunfeng, ZHAO Ying, et al

stratigraphy of fine-grained sedimentary rocks and sedimentary

Cyclic

filling response characteristics of Member Qing-1 in Gulong Sag,
Songliao Basin[J]. Petroleum Geology & Oilfield Development in
Daging, 2021, 40(5): 29-39.

B, B, 2200, 5 AN I DA U TIBUK R R
B A2 10l A 2 A [T ] Al 5 R AR BT, 2023, 44
(4): 857-868.

LYU Dan, WANG Huajian, LI Gang, et al. Paleobiological
evidence of the paleowater environment evolution during deposition
of the Qingshankou shale in the Songliao Basin [J]. Oil & Gas
Geology, 2023, 44(4): 857-868.

HENEAR, FRT, LhiE, 5. RN ARG SRR L
RE VIR S 1], HUERBHATTI , 2023, 13(9): 1040-
1050.

LIAN Xuhuan, LI Junyu, JIANG Ruihai, et al

in mixed

Research
progress sedimentation of terrigenous clastic and
carbonate rocks in continental lake basins [J]. Advances in
Geosciences, 2023, 13(9): 1040-1050.

ZHANG Penglin, MISCH D, MENG Qingtao, et al.

changes  of

Lateral
organic matter preservation in the lacustrine
Qingshankou Formation (Cretaceous Songliao Basin, NE China) :
Evidence for basin segmentation [J]. International Journal of Coal
Geology, 2022, 254: 103984.

FHUR, #48, R, 55 . BUBERY A RRIVEMBNE MUA PR RAE
KXo A J= PR A P )« LA 22 3 4 1 4 AR Rl X 451
[J]. MuBRHEE AR, 2021, 40(1): 142-151.

YIN Xiangdong, JIANG Shu, WU Peng, et al. Features of the
acid and alkaline diagenetic environment of tight sandstones and
the control of the reservoir physical properties: A case study of the
Linxing and Shenfu district, eastern Ordos Basin [J]. Bulletin of
Geological Science and Technology, 2021, 40(1): 142-151.

TAE T WIARYE DU R AR B2 A RS (D). 5 5
R ELIR S (AR 2R, 2017

MA  Cunfei.
lacustrine shale reservoir [D].
Petroleum (East China), 2017.
WA, XEE, BEC, & ST REA A S BN 5T
IR AR A FLEL S —— LA DU 1] R 2 R U 2 B 16
[J]. A5 R HTT, 2024, 45(4) : 893-909.

HU Zongquan, LIU Zhongbao, LI Qianwen, et al. Exploring

Study on characteristics and effectiveness of

Qingdao: China University of

source rock-reservoir coupling mechanisms in lacustrine shales
based on varying-scale lithofacies assemblages: A case study of
the Jurassic shale intervals in the Sichuan Basin[J]. Oil & Gas
Geology, 2024, 45(4) : 893-909.

DZEVANSHIR R D, BURYAKOVSKIY L A, CHILINGARIAN G

V. Simple quantitative evaluation of porosity of argillaceous

[39]

[42]

sediments at various depths of burial [J]. Sedimentary Geology,
1986, 46(3/4): 169-175.

WANG Yanzhong, LIN Miruo, XI Kelai, et al. Characteristics
and origin of the major authigenic minerals and their impacts on
reservoir quality in the Permian Wutonggou Formation of Fukang
Sag, Junggar Basin, western China [J]. Marine and Petroleum
Geology, 2018, 97: 241-259.

PENG Junwen, PANG Xiongqi, SHI

Hydrocarbon generation and expulsion characteristics of Eocene

Hesheng, et al.

source rocks in the Huilu area, northern Pearl River Mouth Basin,
South China Sea: Implications for tight oil potential [J]. Marine
and Petroleum Geology, 2016, 72: 463-487.

JIANG CHEN Zhuoheng, MORT A, et al
Hydrocarbon evaporative loss from shale core samples as revealed
by Rock-Eval and
analysis: Its geochemical and geological implications [J]. Marine
and Petroleum Geology, 2016, 70: 294-303.

SURDAM R C, BOESE S W, CROSSEY L J. The chemistry of
secondary porosity [M]/MCDONALD D A, SURDAM R C.
Clastic Diagenesis. Tulsa: American Association of Petroleum
Geologists, 1984: 127-149.

RONALD C S, CROSSEY L J, HAGEN E S, et al. Organic-
AAPG

Chungqing,

thermal ~ desorption-gas  chromatography

inorganic interactions and sandstone diagenesis [J].
Bulletin, 1989, 73(1): 1-23.
BERNARD S, HORSFIELD B,
Geochemical evolution of organic-rich shales with increasing
maturity: A STXM and TEM study of the Posidonia Shale (Lower
Toarcian,
Geology, 2012, 31(1): 70-89.

DONG Tian, HARRIS N B, MCMILLAN J M, et al. A model for

porosity evolution in shale reservoirs: An example from the Upper

SCHULZ H M, et al

northern Germany) [J]. Marine and Petroleum

Devonian Duvernay Formation, Western Canada Sedimentary
Basin[J]. AAPG Bulletin, 2019, 103(5): 1017-1044.

SHI Xuewen, WU Wei, XU Liang, et al. Thermal maturity
constraint effect and development model of shale pore structure: A
case study of Longmaxi Formation shale in southern Sichuan
Basin, ChinalJ]. Minerals, 2024, 14(2): 163.

LIU Jingdong, LIU Tao, LIU Hua, et al. Overpressure caused by
hydrocarbon generation in the organic-rich shales of the Ordos
Basin[J]. Marine and Petroleum Geology, 2021, 134: 105349.
WANG Guanping, JIN Zhijun, ZHANG Qian, et al. Effects of
clay minerals and organic matter on pore evolution of the early
mature lacustrine shale in the Ordos Basin, China[J]. Journal of
Asian Earth Sciences, 2023, 246: 105516.

YAN Yu, WANG Min, MISCH D, et al. Mineral diagenesis in
lacustrine  organic-rich  shales:  Evolution pathways and
implications for reservoir characteristics [J]. Journal of Asian
Earth Sciences, 2024, 263: 106026.

XIAO Dianshi, ZHENG Lehua, XING Jilin, et al.

control of organic and inorganic rock components on porosity and

Coupling
pore structure of lacustrine shale with medium maturity: A case

study of the Qingshankou Formation in the southern Songliao Basin
[J]. Marine and Petroleum Geology, 2024, 164: 106844.

(i NHK=)



