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Abstract: There is a strong correlation between the lithofacies and organofacies of fine-grained organic matter-rich
sedimentary rocks, where the carbonate- , quartz-feldspar- and clay mineral-rich lithofacies often show high affinity
respectively with type I-S/1I-S, I/Il and III/IV organic facies. Hence, whole rock mineral X-ray diffraction analysis
(XRD) represents a straightforward and effective method to predict the lithofacies, organic matter type, depositional
environment, hydrocarbon characteristics, and rock mechanics of geological samples concerned. Based on a thorough
review of marine shale data from North America and the Sichuan Basin, a large collection of lacustrine shales from major
non-marine sedimentary basins in China were characterized by whole-rock mineral XRD, core observation, thin section
analysis and total organic carbon (TOC) measurement. The aims are to classify the lithofacies and organofacies, identify

the key difference in lithofacies assemblages, and discuss their implication for unconventional shale oil and gas
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exploration. The results indicate that lacustrine shales in sedimentary basins in China were deposited in various
tectonostratigraphic settings. In general, the fine-grained sediments in freshwater-brackish water lakes in sag stage are
dominated by clay-quartz with minor carbonate, whereas the saline and alkaline lacustrine sediments in rift stage consist
of carbonate or clay-quartz with carbonate minerals. The sedimentary systems of fine-grained lacustrine deposits are
characterized by rapid facies change, complex lithologies, and variable reservior-caprock combinations. Thus, the
strong heterogeneity in the lithofacies and their combinations often lead to multiple types of shale oil “sweetspots” ; as
different lithofacies correspond to varying organofacies, the variation in the thermal behaviors of different organofacies
contributes to the change in the states of hydrocarbon occurrence among the various lithofacies combinations. These
results confirm that every shale is unique. Therefore, the variation in lithofacies and organofacies of the fine-grained
sediments indicates that it is essential to use quantitative and objective parameters in classifying the “sweetspots” and
hydrocarbon states of occurrence in order to make the credible assessment of shale oil resources.
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Fig. 1 Mineral composition, sedimentary structure, grain size, and TOC based lithofacies classification (a)
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Fig. 4 Mineral composition and organofacies affinities of selected lacustrine shales of the Permian Lucaogou (a) and Fengcheng Formations

(b) in the Junggar Basin
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Fig. 5 Mineral composition and organofacies affinities of selected lacustrine shales in the Chang 7 member of the Triassic Yanchang

TRERERH ) 5 /%

) T I
0 25 50 75 100
AR A EE%

Formation, Ordos Basin
a. K7'EEA 7B ;b K 7P B
(R, HRTESR /R Z W 0 502 2 R SEBR L IF & 09 32 7772 A 7" BRI 77 37 B SR 2R I8 07 I v SR -4 2 248 )

DG AT RS ST B2 (it i L 1) I
JEAL | EARE Gk T A A SRR A M) b R AL
AR i3] LA — 2B Ry B Bk b R S L
LR AGFERE 4 m B . DU B P R D A E AR
Jo B 2B N T R OTAR , th T2 AN R g0k 42
WAl T DRSS R A T AR JE R T 3 M R IR
WA & A LB U TR . HH, 7R3 25 A AL
Jo e 0 2= Bl i e R AR A Tl 5A il
BN T R USRI S D)1 B AR
e iU B TR HLTT DA A TR AR Ry 32, T
BRI Z s 0 WAL LOKS 07 W) A9 32, 7 i I
Z A PEFRAMA A (8 6). AmITHS)Z
Belle VU 20 )P 32 & A, K 0 S g i
R, MRIREL R e . 5 A4 e, T
R 20 A7 e 4 R S RGR  TRG R fIR . XLt
Je v LA — i RS £ BT 00 BUZ R POR, £ 5
VU B PP RRRAG B 00 A A D 3 O IR
R A 58 K T R RD RS + R CA H A . S5
W0 I 0 e AR RO D JBORY £ JB U AR L R
VU AR 52 K O 505U A A A B P 2
TOC & AN FLBREE o 17A TUAHR 25 W) IR At 3T
P TV B R % R AR AR R A ARG
1, A I DX o 9 DX R Y X, YDA D IR TR
DUV IUUAR A 3 IS4 5 S B W A AL, O L
XFFIUA R R BRI T AE AR RE AN BT IR 42 AR
—EREN . KT e SUZ 5 M2 X L ok 07 Y)
FiE R A HUBT A T ] ZEAR KRR AR TR

X2 w I UZ B R B R R S A
4.4 MIEEMIETEERTLOARIES

AL 23 b W 1 4 T RT3 ) oty A 4 3 B
KB IR L T B IR A58 R4 58 0 I Y
RIK =TSR DURR IR, A LIS 4 R U 2 0P
ARG T RAFAY TSR AES . bR S R -l e
MIFE TS LU A8 vUa 2 B DL S T B TBROK 4L L
o 3, & E W@ U Fe Bk b, Je 2 B id
TR R IR 2 BUIREOK B i i A Dt
o RE0 W) X AR i 4 3L (8 7) R, 5 R -
MTBE 7 Ll 1 ZH AR AR 22 DI S B8 ma A 3,
YRR & e T A RIBR BRER S50 8 5L A, K Bt ¢
TUAMARE o RHEZ RGO IR A A
FHR-HHMET I AR E 2Rk A,
(1SS RIE =y IR IEY INEA O IN i LR =R I
TR 0 S AR SR A T 0 A B B A I3
EMET) o H—BHAR AR, s B
WAk ZENRE (KT FER-HMEE LA
HIUHE & ZREECT KT, A 240 T -
2 AT AL B BE (R, M 0. 75 %~1.70 %)™, 5 1L H 40
VU TP AT SR A 22 D Bl DR TS A R ) 1)
ERIEVERIINIWEI FEINL ST ST :URL iok oot I - g NS R4 R
HHRCA A MR RO R E A PLBUZ R
MEUZARTUE R E o PR B B = R 7
B2 el S/ L RIS ARR B Db R JRE v e MR 3
AR BRI N R T i A B ey



12 A 5 R R R R %43 5
a R0 8 /% b R %
0 _100 0100
hRP 5 TP G
o THbiedl o KB
o Hi¥li B
+ RRAEIE
0 100, 0
0 25 50 75 100 0 25 50 75 100
BRRRERT W 5 5/% AR A TR Y% BRI WS 5% Y RA TR %

6  PUNZEH PR E GE (a) FITR AR Z G (b) REAH BUE B9 4 0 WA S S A LAY 5 28 CRGE 5 | A SCRR[80])

Fig. 6 Mineral composition and organofacies affinities of selected Jurassic lacustrine shales in the Sichuan Basin

(data adapted from reference (80])
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Fig. 7 Mineral composition and organofacies affinities of selected lacustrine shales in the Cretaceous Qingshankou Formation ,

Songliao Basin (data adapted from reference [87])
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Fig. 8 Mineral composition and organofacies affinities of selected lacustrine shales in the Paleogene Shahejie Formation ,

Jiyang Superdepression, Bohai Bay Basin
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(data adapted from reference [103])
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Envelopes outlining the mineral composition of the representative lacustrine shales in Chinese sedimentary basins,

based on data in Figures 3-10, indicating the significant difference in the rift and sag stages of the lacustrine sedimentary systems
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Table 4 Comparison of “sweet spot” types and basic geological characteristics of lacustrine shale oil reservoirs

T T S 451 b BTRFAE M5 53 A1
Foma . SR 7 B ) A JR-RE IR DU )2 BRI R RS UK

WK G S8R Z W i HA L F il DU 24t

ARG T A IR R

EDIEE A AR M B AL B BRI B, BUR TR R AR T, 2 B
REFUUAR Wi -ARE MY =B-b & IRGFUIUE H & SRS mIRA B UE

B T A =B R

JEK W) R VDU M I T A YRR /R
Es N o ST S

TRl — 1R, SRR TR B AR, 2 e

GUARRTR ML A e R T — B

St 5 B U AT M A 2 S B SR TR, ORI R A R W

5 TOC Al M2 WP PE R g ol 7 4

x5 PEAFEBMEEBENAEXNSFE-EEAS LB HHIE

Table 5 Tectonic and sedimentary controls and distribution characteristics of

various source-reservoir assemblages in the Chinese lacustrine basins

TR & I A

Wiz SRR o ; Py ek dnit
WER (REI-FR81) (ﬁﬁ:‘fﬁﬂ\l\lqjﬁ%?éz‘%\?ﬁﬂ) (:‘m?ﬁ%ﬁ%)
RUKWI- RO SIS WA A-RBUOR . BV, W AR AR,
e — R g b S A s
YOKWI WU R LB e P BREEE SRS 1 A BT A




514

BOSAS, A5 . P R DUA R R A AL A 2R AR I SR B 19

K TR Bl R AR SR R, AN R R
BT A8 25 57 P SR T AN [RL A AR R e A RS
ZE5erE s DI, 7EREAR TUA Atk Ca AR BLAH A &
GEor AT R A, TR BRI A P R 2
TE AR FHPLEL, OF R el ARSI R & R AR
PUH T PRI ST A0 P, 2 592 B e A A
LU B TR o AT R A B RS

6 4t

1) VO 1 2 T AR DA SR LG B T80
KB %% Bl NI | 15 P R B TR K Bl I P 455 1) e e ik
JOT U R TR T U R SRS BT DU R BT A A
T A ERCT G WEERE 2 R R A0 AR — = i
FRJ5E BT R R AR 2 K A A A, DL SO T
VS ) B — S 0 VAR Ik o Y R PR B 5 A B T
A EIREGMHAS . RS, Bl &R
T HE A A FE R R ERAT SR A SR TUA B UTRUA A AL
BUAH 5 36 15 v e 78 5t 280 30 o A B i ml bk
TRFR HH K IS 5 E 8 TR A A — g B A
U 8 b S e v il ak AR AR R DR AH A AL
I E RAAL 4ok T2 R IUA RGN E Z4bE

2) i E AR TR A AN MR 2 SR
iR JURIREE ALK, BB T IRAKIA JRENA 8k
WA BEAL T8I 55 2 AP AR S A TR R o Bl A 2
A IR IK UK U 12 R LSRR ER ) 1Y
Rl BT A& BT DU A AHZH G 3 TRl A 7 2R 0 e
A B TEIIE TTORR LA B i PR 3k o1 0L 5 AH 41 AR T
Ve VA ARG 3, 25 Fh Bl AH AR TR AR 2R 35 LUAR A
AR AR 2% - TR G R AR I RRIE

3) v E AR AR TR S AR E S PR F A AR G 2
FEVE R T AR B AH DU 2 RAEAEAEME oIl =k
S 25 AT Bl RN AT e T T Y 22 S bR 1 R O TR R
A Y A R - R S R R A
A B N = K W D | K80 3 A DA
M.

) ABFFEIGUE T 9 [ A A w4 B A HLAE 232
T3 G2k v [ )1 4 My A R s AR T A RL
PR, RN T IR WF5T 20ORNS XA HLH 28 B, 5
H I 5 J7 28 vh CSEAHUAH S 280G T Bl AH T 25
PRI B B AL A )2 &R .

H# AXHRIERIAEBRERKABAFES
(42090022, U19B6003) % Bh , #1 = 75 (& [TH 0|1 &
BEMEERSE TH2A R I, XFE AT MR E

LT S ANk B AR A RN TT R SRy 525 B AR 3 T
HER AXXPT aRHmREIFTLEL FRA
WHEEECRENL, AR TRENAE!

£ % X W

(1] A8ARE, sk A 8, 55 ARRHLIM RIS AR T80 R

— AR MM AT ] AR S T %, 2013,40(4) -
385-399.
Zou Caineng, Zhang Guosheng, Yang Zhi, et al. Geological con-
cepts, characteristics, resource potential and key techniques of
unconventional hydrocarbon: on unconventional petroleum geology
[J]. Petroleum Exploration and Development, 2013, 40 (4) :
385-399.

[2] AR RE, WAAYT JRRAE, 45 SUR I AR Mo ()], Al
#1%,2020,41(1): 1-12.

Zou Caineng, Pan Songqi, Jing Zhenhua, et al. Shale oil and gas
revolution and its impact[J]. Acta Petrolei Sinica, 2020, 41(1):
1-12.

(3] ARARE, RGP, AR, S5 8 A AR R AL R AR 5

i ALBE R e B — L e [ B s A B SO I ()], A,
2012,33(2): 173-187.
Zou Caineng, Zhu Rukai, Wu Songtao, et al. Types, characteris-
tics, genesis and prospects of conventional and unconventional hy-
drocarbon accumulations: taking tight oil and tight gas in China as
an instance[J |. Acta Petrolei Sinica, 2012, 33(2): 173-187.

[4] BB ARARE. “UEIRER : B NI SR ] A

H 5% ,2019,46(1): 173-184.
Yang Zhi, Zou Caineng. “Exploring petroleum inside source
kitchen” : connotation and prospects of source rock oil and gas
[J]. Petroleum Exploration and Development, 2019, 46 (1) :
173-184.

[5] ZEAK, PYL,AER) . TUAM ORI R MO AR ek i

S EE RN E AR A A )] A RS IT
%:,2020,47(4) : 739-749.
Li Guoxin, Luo Kai, Shi Deqin. Key technologies, engineering
management and important suggestions of shale oil/gas develop-
ment: case study of a Duvernay shale project in western Canada
sedimentary basin [J]. Petroleum Exploration and Development,
2020, 47(4): 739-749.

(6] BSCHE,MRZ ek, %, PR SHRE
B SEma R, AR S 1 % ,2020,47(1) : 1-10.
Zhao Wenzhi, Hu Suyun, Hou Lianhua, et al. Types and re-
source potential of continental shale oil in China and its boundary
with tight oil[J]. Petroleum Exploration and Development, 2020,
47(1): 1-10.

(7] PR, R, gk W . i HE 5 R b S0 S RO A

(3. il 597 % ,2012,39(2) : 129-136.
Jia Chengzao, Zheng Min, Zhang Yongfeng. Unconventional hy-
drocarbon resources in China and the prospect of exploration and
development[J]. Petroleum Exploration and Development, 2012,
39(2): 129-136.



20

145 KRR R

43 5

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Estva s VS UUEN 77 SR Y IR 2R P R S e O
L0 e, 2021,42(1) : 1-14.

Kuang Lichun, Hou Lianhua, Yang Zhi, et al. Key parameters
and methods of lacustrine shale oil reservoir characterization []].
Acta Petrolei Sinica, 2021, 42(1): 1-14.

R AL o A AR R U R PR PR G
Y], PE LR, 2020,25(2) : 1-13.

Lil Guoxin, Zhu Rukai. Progress, challenges and key issues of
unconventional oil and gas development of CNPC[J]. China Petro-
leum Exploration, 2020, 25(2): 1-13.

S, DG, 2] P E AR R L AT s AR R ) ]
= TR, 2010, 12(5) : 25-29.

Hu Wenrui, Zhai Guangming, Li Jingming. Potential and develop-
ment of unconventional hydrocarbon resources in China[J]. Engi-
neering Science, 2010, 12(5): 25-29.

FEEAL . I EE R S R R AN G IR [T ], Al
FHi81x,2018,37(4) : 1-7.

Kang Yuzhu. Significant exploration progress and resource poten-
tial of unconventional oil and gas in China[J]. Oil Forum, 2018,
37(4): 1-7.

ARARE, TR, A, GE L TP R UE O R AR B AR S B
[J]. RS T, 2011,31(12) : 26-39.

Zou Caineng, Dong Dazhong, Yang Hua, et al. Conditions of
shale gas accumulation and exploration practices in China [J].
Natural Gas Industry, 2011,31(12): 26-39.

HAR AR R e, A L op E SUE BRI R e S R T
5[], AR, 2012,33(S1) : 107-114.

Dong Dazhong, Zou Caineng, Yang Hua, et al. Progress and pros-
pects of shale gas exploration and development in China[J]. Acta
Petrolei Sinica,2012,33(S1): 107-114.

W e T LR 45 . BUR IS DU IR R 5 i
KWL AR ST, 2015,42(5) © 555-565.

Yang Zhi, Hou Lianhua, Tao Shizhen, et al. Formation condi-
tions and “sweet-spot” evaluation of tight oil and shale oil[ J]. Pe-
troleum Exploration and Development, 2015 ,42(5): 555-565.
Sk AR, 22 R 45 TUR 2 S IE [T]. s
%,2012,19(5): 322-331.

Zhang Jinchuan, Lin Lamei, Li Yuxi, et al. Classification and
evaluation of shale oil[J]. Earth Science Frontiers,2012,19(5) :
322-331.

g, IR =, BEIER, A5 . b E R AR A R T Ml
SELT] AR, 2019,24(5) : 560-568.

Du Jinhu, Hu Suyun, Pang Zhenglian, et al. The types, poten-
tials and prospects of continental shale oil in China[J]. China Pe-
troleum Exploration,2019,24(5) : 560-568.

X BEIE, ST SN A L B MR B L R MR A 20 = B
T BTSSR e e [J ], A 24l , 2020, 41 (6)
643-657.

Zhao Xianzheng, Zhou Lihong, Pu Xiugang, et al. Geological
characteristics and exploration breakthrough of shale oil in Mem-
ber 3 of Shahejie Formation of Qibei subsag, Qikou sag[J]. Acta
Petrolei Sinica,2020,41(6) : 643-657.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[l AR AL A 2R DY 2 . BUA ML BP0 D78« GB /T 38718
202008 ]. dtst. HrEARIEH A, 2020.

State Standardization Administration Commission. Geological eva-
luating methods for shale oil: GB /T 38718-2020 [S]. Beijing:
Standards Press of China,2020.

Tissot B P, Durand B, Espitalie J, et al. Influence of nature and
diagenesis of organic matter in formation of petroleum [J]. AAPG
Bulletin, 1974,58:499-506.

Espitalie J, Madec M, Tissot B, et al. Source rock characteriza-
tion method for petroleum exploration [ C ]/ Proceedings of the 9th
Annual Offshore Technology Conference. Houston: Offshore Tech-
nology Conference, 1977: 439-448.

Dahl J E P, Moldowan J M, Teerman S C, et al. Source rock qual-
ity determination from oil biomarkers I : a new geochemical tech-
nique[J]. AAPG Bulletin, 1994,78(10):1507-1526.

Pepper A' S, and Corvi P J. Simple kinetic models of petroleum
formation. Part 1: oil and gas generation from kerogen[J]. Marine
and Petroleum Geology, 1995,12(3):291-319.

Gibson R G. Physical character and fluid-flow properties of sand-
stone-derived fault zones[J]. GSL Special Publications, 1998, 127
(1):83-97.

Yielding G, Freeman B, and Needham D T. Quantitative fault
seal analysis[]]. AAPG Bulletin, 1997,81(6):897-917.

Rawling G C, Goodwin L. B, Wilson J L. Internal architecture,
permeability, structure, and hydrologic significance of contrasting
fault-zone types[J]. Geology, 2001,29(1):43-46.

Gibson R G. Fault-zone seals in siliciclastic strata of the Colum-
bus Basin, offshore Trinidad[J]. AAPG Bulletin, 1994, 78(9) :
1372-1385.

MacQuaker J H S and Adams A E. Maximizing information from
fine - grained sedimentary rocks: An in- clusive nomenclature for
mudstones [J]. Journal of Sedimentary Research, 2003, 73(5) :
735-744.

Shepard F P. Nomenclature based on sand -silt-clay ratios [J].
Journal of Sedimentary Petrology, 1954,24:151-158.

Folk R L. Petrology of sedimentary rocks [M]. USA: Hemphill
Publishing Company, 1980: 184.

Pickering K, Stow D, Watson M. et al. Deepwater facies, pro-
cesses and models: A review and classification scheme for modern
and ancient sediments [J]. Earth Science Reviews, 1986, 23:
75-174.

Flemming B. A revised textural classification of gravel-free muddy
sediments on the basis of ternary diagrams [J]. Continental Shelf
Research, 2000,20(10):1125-1137.

Loucks R G, and Ruppel S C. Mississippian Barnett Shale: Litho-
facies and depositional setting of a deep-water shale-gas succession
in the Fort Worth Basin, Texas[J]. AAPG Bulletin, 2007,91(4):
579-601.

Evenick J C, McClain T. Chapter 4: Method for characterizing
source rock organofacies using bulk rock composition, in J. Chat-
ellier and D. Jarvie, eds., Critical assessment of shale resource

plays[J]. AAPG Memoir, 2013,103:71-80.



514

BOSAS, A5 . P R DUA R R A AL A 2R AR I SR B 21

[34]

[44]

S8, FRER R, A P IR TUE A T [T A
HRASHNT,2019,40(3) :451-458.

Jin Zhijun, Bai Zhenrui, Gao Bo, et al. Has China ushered in the
shale oil and gas revolution?[J] Oil & Gas Geology, 2019,40(3) :
451-458.

BOCT, @2 8, MM, SF L RN DUEIE AL 5 DA R
PLEBFSEBERE T ], AT S T, 2020, 42(4) : 489-505.

Li Maowen, Jin Zhijun, Dong Mingzhe, et al. Advances in the ba-
sic study of lacustrine shale evolution and shale oil accumulation
[J]. Petroleum Geology & Experiment, 2020,42(4) :489-505.
e, 28 e, 5. SURZHAMIEIH 7 BB
RN TUE AR B A2 BRI R SCLT]L Arimeediz, 2021,
42(5) :560-569.

Fu Suotang, Jin Zhijun, Fu Jinhua, et al. Transformation of un-
derstanding from tight oil to shale oil in the Member 7 of Yanchang
Formation in Ordos Basin and its significance of exploration and
development[ ] ]. Acta Petrolei Sinica, 2021,42(5) : 560-569.
Jiang Zaixing, Liang Chao, Wu Jing, et al. , Several issues in sedi-
mentological studies on hydrocarbon-bearing fine-grained sedimen-
tary rocks[J]. Acta Petrolei Sinica,2014, 34(6):1031-1039.
Stasiuk L. D, Osadetz K G, Goodarzi F. et al. Organic microfacies
and basinal tectonic control on source rock accumulation: a micro-
scopic approach with examples from an intracratonic and exten-
sional basin[J]. International Journal of Coal Geology, 1991, 19
(s1-4):457-481.

Peters K E, Walters C C, Mankiewicz P J. Evaluation of kinetic
uncertainty in numerical models of petroleum generation [
AAPG Bulletin, 2006,90(3) :387-403.

LuJ, Milliken K, Reed R M, et al. Diagenesis and sealing capac-
ity of the middle Tuscaloosa mudstone at the Cranfield carbon dio-
xide injection site, Mississippi, USA[J]. Environmental Geos -
ciences, 2011,18(1):35-53.

Brons G, Siskin M, Botto R, et al. Quantitative mineral distribu-
tions in Green River and Rundle oil shales [J]. Energy Fuels,
1989,3(1):85-88.

Remy R R, and Ferrell R E. Distribution and origin of analcime
in marginal lacustrine mudstones of the Green River Formation,
South - central Uinta Basin, Utah [J].
1989,37(5) :419-432.

Clays and Clay Minerals,

Li X, Zou C, Qiu Z, et al. Upper Ordovician-Lower Silurian shale
gas reservoirs in southern Sichuan basin, China [C]// AAPG An-
nual Conventional and Exhibition. Houston: AAPG,2011.

Jarvie D, Hill R J, Ruble T E, et al. Unconventional shale - gas
systems: The Mississippian Barnett Shale of north-central Texas as
one model for thermogenic shale-gas assessment[J]. AAPG Bulle-
tin, 2007,91(4) :475-499.

Kent H C, Couch E L, Knepp R A. Central and southern Rockies
region correlation chart [C]//AAPG, COSUNA Chart, 1
Oklahoma: AAPG, 1988.

sheet.

Compton J S. Origin and diagenesis of clay minerals in the Mon-
terey Formation, Santa Maria Basin area, California[J]. Clays

and Clay Minerals, 1991,39(5) :449-466.

[47]

[52]

Reid S A, Mclntyre J L. Monterey Formation porcelanite reser-
voirs of the Elk Hills field, Kern County, California [J]. AAPG
Bulletin, 2001,85(1):169-189.

RPN, S R T, 45 . ol I 1o 7 VA A e SR 9 1
TR ()« B DU Xl A R R 11 b R A A
(3. HEARIM IR, 2009, 14(1) : 1-15.

Liang Digang, Guo Tonglou, Chen Jianping, et al. Some pro-
gresses on studies of hydrocarbon generation and accumulation in
marine sedimentary regions, Southern China (Part 2) : geochemi-
cal characteristics of four suits of regional marine source rocks,
south ChinalJ]. Marine Origin Petroleum Geology, 2009, 14(1):
1-15.

GEAKNN, SRR R, 45 . vl g ¥ AT A S SOCRORIT 5
B (— ) < R 7 DU X AR IR A A ()], AR
SHBITE,2008,13(2) : 1-16.

Liang Digang, Guo Tonglou, Chen Jianping, et al. Some pro-

gresses on studies of hydrocarbon generation and accumulation in

marine sedimentary regions, Southern China (Part 1) : Distribu-
tion of four suits of regional marine source rocks[J]. Marine Ori-
gin Petroleum Geology, 2008,13(2): 1-16.

Z S /N, AR L v ARG B AR R A
AHUE G SRR 1] A0S KRR AT, 2010, 31
(6):826-837.

Qin Jianzhong, Shen Baojian, Fu Xiaodong, et al. Ultramicro-

scopic organic petrology and potential of hydrocarbon generation
and expulsion of quality marine source rocks in South Chinal[J].
0il & Gas Geology, 2010,31(6):826-837.
TRE IR, AP, S8 A IR X S R R A DA RONAL
BRFFAE B A R 2 (T ). RIRSHBBREL,2015,26(8) : 1571~
1578.
Zhang Jizhen, Li Xianqing, Guo Man, et al. Microscopic pore
characteristics and its influence factors of the Permian Longtan For-
mation shales in the Southern Sichuan Basin[J]. Natural Gas Geo-
science, 2015,26(8) : 1571-1578.
WRAET 2540 i o, 45 U1 20— R I L RS
R T3 (—) i s R AR ], KRR ATk, 2018, 38
(5):1-16.
Chen Jianping, Li Wei, Ni Yunyan, et al. The Permian source
rocks in the Sichuan Basin and its natural gas exploration potential
(Part 1) : Spatial distribution of source rocks[J]. Natural Gas In-
dustry,2018, 38(5):1-16.
MREEE 2240 (o e, 45 IO G — & RARIA MO KRR
BRI ) () R AR AR SRR IR ()], K
ATlk,2018,38(6) :33-45.
Chen Jianping, Li Wei, Ni Yunyan, et al. The Permian source
rocks in the Sichuan Basin and its natural gas exploration potential
(Part 2) : Geochemical characteristics of source rocks and latent
capacity of natural gas resources [J]. Natural Gas Industry, 2018,
38(6):33-45.
KA L PO R G R A

2007,28(2):9-14+21.

T AL [T ], A4,

Ma Yongsheng. Generation mechanism of Puguang Gas Field in Si-



EERIIESIPS

A B %43 %

chuan Basin[J]. Acta Petrolei Sinica, 2007,28(2) :9-14+21.

F IR ARARE IR AR, A5 I HP Tl AR e T e 2L R R
A 2 B B RO QIR (T ] AT IR 59T K, 2014, 41(3)
268-277.

Du Jinhu, Zou Caineng, Xu Chunchun, et al. Theoretical and
technical innovations in strategic discovery of a giant gas field in
Cambrian Longwangmiao Formation of central Sichuan paleo - up-
lift, Sichuan Basin[J]. Petroleum Exploration and Development,
2014, 41(3):268-277.

BIET, BIEAE, AR A P R A T RSz +
75+ PO 4 T 30U A 2 B B AR [ ] YA =< s I
2014,19(4) :57-64.

Guo Xusheng, Guo Tonglou, Huang Renchun, et al. Cases of dis-
covery and exploration of marine fields in China (Part 16) : Yu-
anba Gas Field in Sichuan Basin [J]. Marine Origin Petroleum
Geology, 2014,19(4) :57-64.

FRBTE AR, BAR AL, A5 W A S Y B S B PR R
(I, E A, 2016 21(3):24-37.

Guo Xusheng, Hu Dongfeng, Wei Zhihong, et al. Discovery and
exploration of Fuling shale gas field[J]. China Petroleum Explora-
tion, 2016: 21(3):24-37.

FEW, T, BN, A EAR LR b SR A B T A A AR
FHAELT ). Al S g T, 2014 :36(6) : 744-751.

Yuan Bo, Wang Xingiang, Lu Jungang, et al. Hydrocarbon sup-
plying characteristics of tight oil source rocks in Pingdiquan Forma-
tion, northeastern Junggar Basin[J]. Petroleum Geology & Experi-
ment, 2014:36(6) :744-751.

AESC, WRMIER . QG 4 . R K 3 F5 I T B R (R0 X
AR S MR TT I PEFE 1], MUl 2017, 91(7) £ 1604~
1619.

Lei Dewen, Chen Ganggiang, Liu Hailei, et al. Study on the for-
ming conditions and exploration fields of the Mahu Giant Oil
(Gas) Province, Junggar Basin[J]. Acta Geologica Sinca, 2017,
91 (7):1604-1619.

KK, SR, S IEG , A5 . RS K A T AT 111 7 Y £ 3
M= BB A R RS A LR LT ], A 544, 2017, 33
(4):1159-1170.

Song Yong, Zhou Lu, Guo Xuguang, et al. Characteristics and oc-
currence of lacustrine dolomitic tight - oil reservoir in the Middle
Permian Lucaogou Formation, Jimusaer sag, southeastern Junggar
Basin[J]. Acta Petrologica Sinica, 2017, 33(4): 1159-1170.
T, BRI BE, SKOCTE S R AR U 2 28 S IR U L
FRHARRE —~ LARENE /K 4 M R 25 7 B 0 4S5 1 vy 2 b P L 2% P UK
BZE AT ], £rimaE4R ,2017,38(9) : 10211035, 1065.

Wang Yue, Chen Shiyue, Zhang Guanlong, et al. Classification
of mixosedimentite and sedimentary facies characteristics of mixed
sedimentary facies belt in saline lacustrine basin: taking examples
as the Lucaogou Formation in the south of Junggar Basin and the
Taerlang Formation in the northeast of Tuha Basin[J]. Acta Petro-
lei Sinica, 2017,38(9): 1021-1035+1065.

SCRWE G 1) S, A Fh D 1T RS L A ek 5 A L
L GEIEHGRLT ] B aihi b, 2016,37(5) :499-506.

Zhi Dongming, Cao Jian, Xiang Baoli, et al. Fengcheng alkaline
lacustrine source rocks of Lower Permian in Mahu Sag in Junggar
Basin: Hydrocarbon generation mechanism and petroleum re-
sources reestimation [J]. Xinjiang Petroleum Geology, 2016, 37
(5) :499-506.

SCRWL, R R AR N AR S R B R I B AR B
T BAE S RAEHLIE T ], A9 5 KAR <5, 2019,40(3) -
524-534.

Zhi Dongming, Tang Yong, Yang Zhifeng, et al. Geological char-
acteristics and accumulation mechanism of continental shale oil in
Jimusaer sag, Junggar Basin[J]. Oil & Gas Geology, 2019, 40
(3):524-534.

FEH O SO, S NI R X R U A R SR
Mg B 1] B b, 2021,42(1) :1-9.

Tang Yong, Cao Jian, He Wenjun, et al. Development Tendency
of Geological Theory of Total Petroleum System: Insights From the
Discovery of Mahu Large Oil Province[J]. Xinjiang Petroleum Ge-
ology, 2021,42(1):1-9.

KA B RN, AF . WA RO S UUBUE A A 2T
53 LAMERE SR 2 75 AR BRI & R B 2 R ) ). b
Hii%%,2018,25(4) :198-209.

Zhang Shaomin, Cao Yingchang, Zhu Rukai, et al. Lithofacies
classification of fine-grained mixed sedimentary rocks in the Perm-
ian Lucaogou Formation, Jimsar sag, Junggar Basin. Earth
Science Frontiers, 2018, 25(4): 198-209.

/IR S o N N LI YRR € € RN
i 5 R AR B R T (). v B R, 2018:23(4)
76-85.

Yang Zhi, Hou Lianhua, Lin Senhu, et al. Geologic characteris-
tics and exploration potential of tight oil and shale oil in Lucaogou
Formation in Jimsar sag[J]. China Petroleum Exploration, 2018
23(4),76-85.

VRRE, BB B, 55 L S ORBE R MG — & R M RO U
A2 R B B P[], Aih 5 R AR AT, 2019,40(3)
535-549.

Xu Lin, Chang Qiusheng, Yang Chengke, et al. Characteristics
andoil-bearing capability of shale oil reservoir in the Permian Lu-
caogou Formation, Jimuser sag[J]. Oil & Gas Geology, 2019, 40
(3):535-549.

XA, J g AR, 4 L D I T XU 2L K R o R S A )
AL ], PUBEH,2020,38(5) :946-955.

Liu Deguang, Zhou Lu, Li Shihong, et al. Characteristics of
Source Rocks and Hydrocarbon Generation Models of Fengcheng
Formation in Mahu Depression [J] Acta Sedimentologica Sinica,
2020,38(5) :946-955.

FNE BRI B, S WETE IR G35 AR AR UTBE 7 Y £
FM U A A TR ST AR (. A S KRR
Jit,2019,40(3) :661-668.

Wang Xiaojun, Liang Lixi, Zhao Long, et al. Rock mechanics
and fracability evaluation of the Lucaogou Formation oil shales in
Jimusaer sag, Junggar Basin[J]. Oil & Gas Geology, 2019, 40
(3):661-668.



514

BOSAS, A5 . P R DUA R R A AL A 2R AR I SR B 23

[70]

SRICTT, R, SO . F ) 1M 66 Il ALl 0 e U e T R A
AR RIS ], BT, 2018,39(1) :48-54.
Zhang Yuanyuan, Li Wei, Tang Wenbin. Tectonic setting and en-
vironment of alkaline lacustrine source rocks in the Lower Permian
Fengcheng Formation of Mahu Sag[J].
ogy,2018,39(1):48-54.

TKICIE B4 it 4. SPRZ I e KL 7 AR s
BRI ()], Husk{bor,2015,44(5) : 505-515.

Zhang Wenzheng, Yang Hua, Yang Weiwei, et al. Assessment of

Xinjiang Petroleum Geol-

geological characteristics of lacustrine shale oil reservoir in Chang
7 Member of Yanchang Formation, Ordos Basin[J]. Geochimica,
2015,44(5): 505-515.

Zhang Wenzheng, Yang Weiwei, Xie Ligin. Controls on organic
matter accumulation in the Triassic Chang 7 lacustrine shale of the
Ordos Basin, central China[J]. International Journal of Coal Geo-
logy, 2017,183: 38-51.

LA AN TSR SRR S M A IR 2 K T B U
WY R LB ] 0 5 R AR MR, 2020, 41 (4) -
719-729.

Li Shixiang, Niu Xiaobing, Liu Guangdi, et al. Formation and ac-
cumulation mechanism of shale oil in the 7th Member of Yanchang

Formation, Ordos Basin[J]. Oil & Gas Geology, 2020, 41(4) :

719-729.
ﬁzﬂz,ﬁﬁ@%ﬁi,ﬂ% VU1 Z3 3t T AR 80 AR T S B R4
L R FF KRN (1], RIRSHERELS, 2017, 28(4): 633-641.

Zhu Tong, Yu Lingjie and Wang Feng. Comparative analysis of
the accumulation conditions and development strategies of the ma-
rine and lacustrine shale gas from the Sichuan Basin, China[J].

Natural Gas Geoscience, 2017, 28(4): 633-641.

TP, XK BRI 25 . R DU SRR BT 5 1 R 4
w7 R R T - LTI X () . W EReai AU, 2013, 20

(6):698-703.

Wang Qingbo, Liu Ruobing, Wei Xiangfeng, et al. Geologic con-
dition of shale gas accumulation in continental facies and main con-
trolling factors of enrichment and high production: Taking Yuanba
District as an example [J]. Fault-block & Gas Field, 2013, 20
(6):698-703.

BRREIE , W, T, 45 L UM X O 2R Bl AR DA U
F e B KL, 2014,41(3):970-981.

Wei Xiangfeng, Huang Jing, Li Yuping, et al. The main factors
controlling the enrichment and high production of Daanzhai mem-
ber continental shale gas in Yuanba area[J]. Geology in China,
2014,41(3) :970-981.

LR, B0, AT, 25 . SR PG 7R b X 7R I ik Bt A 5 <
EAREE R RN I] AR AR, 2014, 36 (4) 1 30—
33+45.

Huang Jiangging, Liang Bang, Che Shiqi, et al. Study on shale
gas exploration potential of Dongyuemiao Member in Western Hu-
bei and Eastern Chongqing [J]. Journal of Oil and Gas Technol-
ogy, 2014,36(4) :30-33+5.

GERS 2R BRAA A SRV AR M DX AR i B DU
TIWRFELT]. WiBlh <, 2015,22(1) :36-41.

QR

[80]

[84]

Liang Bang, He Sheng, Chen Xuehui, et al. Exploration potential
of Dongyuemiao Member shale gas in western Hubei-Eastern Ch-
ongqing areal J . Fault-block & Gas Field, 2015,22(1):36—-41.
X . B DR B 7R I B DU TR T 2R A AT Y
[J]. EBUah R, 2017,27(4) 1 1-5.

Liu Chao. Study on geological conditions of shale gas accumula-
tion in Dongyuemiao Member of Jurassic in Liangping areal[J]. Ji-
anghan Shi You Ke Ji, 2017,27(4):1-5.

XS, XEHE, B 4, 45 R DA 2 R A AR LB 4
il B HAM AR DA gt p S AR G B[], R AR
KTk, 2019,39(12) : 10-21.
Liu Zhongbao, Liu Guangxiang, Hu Zongquan, et al. Lithofacies
types and assemblage features of continental shale strata and their
significance for shale gas exploration: A case study of the Middle
and Lower Jurassic strata in the Sichuan Basin[J]. Natural Gas In-
dustry, 2019, 39(12):10-21.

JATEAE PN, RGBS, A AR DX R 22 2 Bt A A <
PR FRFAELT ] P E AR, 2020,25(5) :32-42.
Zhou Dehua, Sun Chuanxiang, Liu Zhongbao, et al. Geological
characteristics of continental shale gas reservoir in the Jurassic Da’
anzhai member in the northeastern Sichuan Basin[J]. China Petro-
leum Exploration, 2020,25(5) :32-42.

XU, /NP L JC3U DXl A TUA S AT ()], 1
NHBT24R,2020,40(3) :416-421.

Liu miaomiao, Fu Xiaoping. Reevaluation of exploration potential
of continental shale gas in the Yuanba Area[J]. Acta Geologica
Sichuan, 2020,40(3):416-421.

XU RS B A, XD A5 01 G AL AR S R 4 F T
YL AR DU A )2 LB AE SO RN R [T, A5 KA R
M, 2021,42(1) : 136-145.

Liu Zhongbao, Hu Zongquan, Liu Guangxiang, et al. Pore charac-
teristics and controlling factors of continental shale reservoirs in
the Lower Jurassic Ziliujing Formation, northeastern Sichuan Basin
[J]. Oil & Gas Geology, 2021,42(1):136-145.

INEAE. e A (U)K it i 5 7T %, 2020,
39(3):1-7.

Sun Longde. Shale oil in Gulong [J].
field Development in Daqing, 2020,39(3):1-7.

B, ER L SRS T VUSROG B T 1)
(I, Rprrm i 57 % ,2020,39(3) : 8-19.

Wang Guangyun, Wang Fenglan, Meng Qi’ an, et al.

Petroleum Geology & Oil-

Strategic
significance and research direction for Gulong shale oil [J]. Petro-
leum Geology & Oilfield Development in Daqging, 2020, 39 (3) :
8-19.

FERA, BT s a A, 45 . MNT A Tt e TUR IR IR ) K
By L], R LR 5T 4 ,2020,39(3) :20-34,
Wang Yuhua, Liang Jiangping, Zhang Jinyou, et al. Resource po-
tential and exploration direction of Gulong shale oil in Songliao Ba-
sin [J].
2020,39(3):20-34.
T MR, BZIAE , 25 . AL F oty et D Ll 0 L8 B
JRCA TGS AR TERELY ] PR T 5 T %, 2020,39(3) :

Petroleum Geology & Oilfield Development in Daqing,



24 145 KRR R F43 5
72-85. Liu Huimin, Zhang Shoupeng, Wang Pu, et al. Lithologic charac-
Feng Zihui, Liu Bo, Shao Hongmei, et al. The diagenesis evolu- teristics of Lower Es3 shale in luojia area, Zhanhua sag. Petro-
tion and accumulating performance of the mud shale in Qing- leum Geology and Recovery Efficiency, 2012,19(6):11-15.
shankou Formation in Gulong area, Songliao Basin[J]. Petroleum [96] Chen Zhuoheng, Li Maowen, Cao Tingting, et al. Hydrocarbon
Geology & Oilfield Development in Daqing, 2020,39(3):72-85. generation kinetics of a heterogeneous source rock system: Ex-
[88] mliaki, HT T, IG5 MAIL ZE M 7 e DU AR RRAE 15 A ample from the Eocene-Oligocene Shahejie Formation, Bohai Bay
AT KREA M5 T4 ,2020,39(3) :35-44. Basin in eastern China [J]. Energy & Fuels, 2017, 31 (12) :
Jin Chenzhi, Dong Wanbai, Bai Yunfeng, et al. Lithofacies cha- 13291-13304.
racteristics and genesis analysis of Gulong shale in Songliao Ba- [97] Li Maowen, Chen Zhuoheng, Ma Xiaoxiao, et al. A numerical
sin [J]. Petroleum Geology & Oilfield Development in Daqing, method for calculating total oil yield using a single routine Rock—
2020,39(3) :35-44. Eval program: A case study of the Eocene Shahejie Formation in
[89] FERKSL, ALK, KIEls , 55 . WAL Z b 0 e DU A HLBUARRE 5 Dongying Depression, Bohai Bay Basin, China[J]. International
U B A6 [T]. KBS A3 it 5 9F &, 2020, 39(3) Journal of Coal Geology, 2018,191, 49-65.
86-96. (98] BRI, AR, sk AU . rb [ LM S IR S B T R iR
Huo Qiuli, Zeng Huasen, Zhang Xiaochang, et al. Organic mat- [T]. A 571 % ,2012,39(2) : 129-136.
ter characteristics and shale oil formation of Gulong shale in Jia Chengzao, Zheng Min, Zhang Yongfeng. Unconventional hy-
Songliao Basin[J]. Petroleum Geology & Oilfield Development in drocarbon resources in China and the prospect of exploration and
l)aqing, 2020,39(3) : 86-96. development [J]. Etroleum Exploration and Development, 2012,
[90]  HETE3C BRA S, AU 45 . R Mty A T e i B 39(2):129-136.
AL ] R T 5 FF & ,2020,39(3) :45-55. [99] Liang Chao, Cao Yingchang, Jiang Zaixing, et al. Shale oil poten-
Cui Baowen, Chen Chunrui, Lin Xudong, et al. Characteristics tial of lacustrine black shale in the Eocene Dongying Depression :
and distribution of sweet spots in Gulong shale oil reserviors of implications for geochemistry and reservoir characteristics [J].
Songliao Basin[J]. Petroleum Geology & Oilfield Development in AAPG Bulletin, 2017, 101(11):1835-1858.
Daqing, 2020,39(3) :45-55. [100]  XFER], XUMS . BEAH & A LS 0UE Hh I B R e S HAE FH—LA
(91 AR, W RT, £ R4, 55 ML K — e M IL A DEBHISRA AL ], TS SRR, 2019,26(5) : 1-9.
ZH RIK AL TR AR 2R 1) SO 2 0 % L DA S B LT . Liu Yali, Liu Peng. Interlayer characteristics and their effect on
R 22 (FARBIARR) ,2015,46(9) ,3338-3346. continental facies organic-rich shale: A case study of Jiyang De-
Chen Bintao, Pan Shuxin, Wand Tianqi, et al. Sedimentary mi- pression [ J]. Petroleum Geology and Recovery Efficiency, 2019,
crofacies of deepwater fine-grained depositional system and its sig- 26(5):1-9
nificance for shale oil and gas exploration in Qingshankou Forma- [101] BRI % PHI R UL 75 1w 42 20 25 R Bl A 2 AR o [T ). B
tion, Qijia- Gulong depression, Songliao Basin, Northeast China FHEARE TR ,2021,21(2) :504-511.
[J]. Journal of Central South University, 2015, 46 (9) , 3338— Zhang Shun. Shale oil enrichment elements and geological dessert
3346. types in Jiyang Depression[J]. Science Technology and Engineer-
[92] RGN, ZEpo 8 /INE A5 . T H BG5S 14 3y ing,2021,21(2): 504-511.
Je UM = A A ] KRR AT il B 5 0T % , 2020, 39 [102] BBEIE,EFH R, ML, 55 . TRE AR DX TUA e SR BE Y
(3):129-136. REAR R 57— DU 1 2 S e Bt i A 0 B LD . Al
Tang Tianzhi, Li Qingfeng, Zhao Xiaoqing, et al. The effective- 2F41%,2021,42(2) : 143-162.
ness evaluation of Gulong shale oil reservoirs based on the electri- Zhao Xianzheng, Pu Xiugang, Zhou Lihong, et al. Enrichment
cal imaging and NMR logging, Petroleum Geology & Oilfield De- theory, exploration technology and prospects of shale oil in lacus-
velopment in Daqing, 2020,39(3):129-136. trine facies zone of deep basin: a case study of the Paleogene in
[93] k3B, TRARME 2B, 25 . BEPHMIRA T £ v A T SR R Huanghua depression, Bohai Bay Basin[J]. Acta Petrolei Sinica,
(I i 5 Rl 2, 2012, 19(6) : 1-5. 2021,42(2):143-162.
Zhang Shanwen, Zhang Linye, Li Zhenget al. Formation condi- [103] TR, I sk, e, 46 B Z AR TR I A 2 R A
tions of Plaeogene shale oil and gas in Jiyang Depression[J]. Pe- T P RRIE 5 9 R I - DA B S B TR AR M R L — B il [ ).
troleum Geology and Recovery Efficiency,2012,19(6) :1-5. AR 5 R ICK ,2019,26(1) :46-58.
[94]  RWIZK . U5 BHI A SO B2 SE B S B0IR (], il < BT 5 R Pu Xiugang, Shi Zhannan, Han Wenzhong, et al. Petroleum geo-
Y% ,2019,26(1) : 1-12. logical characteristics and hydrocarbon discovery of shale system
Song Mingshui. Practice and current status of shale oil exploration in fine—grained sedimentary area of lacustrine basin: a case study
in Jiyang Depression [J]. Petroleum Geology and Recovery Effi- of Kong2 Member in Cangdong sag, Huanghua depression[J]. Pe-
ciency, 2019,26(1):1-12. troleum Geology and Recovery Efficiency, 2019,26(1):46-58.
[95]  XUBEER, 5KAFME, AR, % W fE IR 2 R IX VD = B T BL T [104] BBk SN SR, A5 . BT X LTS AU 1 AR TR

EAAEERRELT L AT S SR IR, 2012,19(6) : 11-15.

AEAEA T RSN T EA W, 2015,20 (1) :



514

BOSAS, A5 . P R DUA R R A AL A 2R AR I SR B 25

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

48-54.

Yan Jihua, Pu Xiugang, Zhou Lihong, et al. Naming method of fine
-grained sedimentary rocks on basis of X -ray diffraction data[J].
China Petroleum Exploration,2015,20 (1) :48-54.

Te T, PR SR BRNEY 45 T I B R AL R ) U i =
KRR L SE N LT ]. A B S RR 2019, 26 (1) -
59-64.

Long Yumei, Chen Manfei, Chen Fengling, et al. Characteristics
and influencing factors of inter-salt shale oil reservoirs in Qian-
jiang Formation, Qianjiang Sag[J]. Petroleum Geology and Recov-
ery Efficiency, 2019,26 (1): 59-64.

XL, SRR, BRIXS , 45 . VLT A Hb T L [ 56 s 4 6 ) ot
FOMAE B RAERF S — AT 3 =10 @ 0 1 [0 ). A i e T,
2021,43(2):268-275.

Liu Xinrui, Wu Shigiang, Chen Fengling, et al. Characteristics
of reservoirs for inter-salt shale oil of Qianjiang Formation, Qianji-
ang Sag, Jianghan Basin: a case study of the Eq4’-10 rhythm[J].
Petroleum Geology & Experiment, 2021,43(2) :268-275.

Li Maowen, Ma Xiaoxiao, Li Zhiming, et al. Emerging shale oil
plays in hypersaline lacustrine Qianjiang Formation, Jianghan Ba-
sin, Central China [C]//Unconventional Resources Technology
Conference (URTeC). Houston, Texas: SPE,2018.

Ma Xiaoxiao, Li Maowen, Pang Xiongqi, et al. Paradox in bulk
and molecular geochemical data and implications for hydrocarbon
migration in the inter-salt lacustrine shale oil reservoir, Qianjiang
Formation, Jianghan Basin, central China[J]. International Jour-
nal of Coal Geology, 2019,209, 72-88.

Tyson RV, Pearson T H. Modern and Ancient continental shelf
anoxia: An overview[]]. Modern and Ancient continental shelf an-
oxia. Geological Society Special Publication, 1991,58:1-24.
B, RS 5 3 5, A L LSS U U R R R
FHIES A 7R L] S R IR, 2019, 26(1),13-28.

Li Maowen, Ma Xiaoxiao, Jiang Qigui, et al. Enlightenment from
formation conditions and enrichment characteristics of marine
shale oil in North America[J].
Efficiency, 2019,26(1),13-28.
PR . AR E B R BRI BRI & (M. dtat. o E Ak R
#t,2015.

Petroleum Geology and Recovery

Fu Chengyu. Exploration and development of unconventional pe-
troleum resources[ M |. Beijing: China Petrochemical Press,2015.

Li Maowen, Chen Zhuoheng, Ma Xiaoxiao, et al. Shale oil re-
source potential and characteristics of the Eocene-Oligocene Sha-
hejie, Jiyang Super-Depression, Bohai Bay Basin of China [J].
International Journal of Coal Geology, 2018, 204,130-143.

Katz B, Lin F. Lacustrine basin unconventional resource plays:
Key differences [J]. Marine and Petroleum Geology, 2014, 56
(3):255-265.

Jarvie D M, Lundell L L. Kerogen type and thermal transforma-
tion of organic matter in the Miocene Monterey Formation [M]//
Isaacs C M, Rullkotter J. The Monterey formation: From rocks to
molecules. New York: Columbia University Press, 2001:268-95.

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

Jarvie D M. Shale resource systems for oil and gas: Part2-Shale oil
resource systems [M]//Breyer J A. Shale reservoirs—Giant re-
sources for the 21st Century: AAPG Memoir 97. Tulsa: American
Association of Petroleum Geologists ,2012:89-119.

Pollastro R M, Roberts L N R, Cook T A. Geologic model for the
assessment of technically recoverable oil in the Devonian - Missis-
sippian Bakken Formation, Williston Basin [M]/BREYER J A.
Shale reservoirs-Giant resources for the 21st Century: AAPG Mem-
oir 97. Tulsa: American Association of Petroleum Geologists,
2012:205-257.

Donovan A D, Staerker T S, Gardner R M, et al. Findings from
the Eagle Ford Outcrops of West Texas & implication to the Sub-
surface of South Texas[ M ]//Bryer J] A. The Eagle Ford Shale-A re-
naissance in U. S. Oil Production: AAPG Memoirl10. Tulsa:
American Association of Petroleum Geologists ,2016:301-336.
Zagorski W A, Wrightstone G R, Bowman D C. The Appalachian
Basin Marcellus gas play: Its history of development, geologic con-
trols on production, and future potential as a world class reservoir
[M]//Breyer J A. Shale reservoirs-giant resources for the 21st Cen-
tury: AAPG Memoir 97. Tulsa: American Association of Petroleum
Geologists,2012:172-200.

FIE 50, B AR BRI A5 L AN IRIIBRAE AR DU 1 R AR
ARERAWFET]. Al S5 5, 2016,38(6) : 843-849.

Jiang Qigui, Li Maowen, Qian Menhui, et al. Quantitative charac-
terization of shale oil in different occurrence states and its applica-
tion [J]. Petroleum Geology & Experiment, 2016, 38 (6) :
843-849.

Li Zheng, Zou Yanrong, Xu Xingyou, et al. Adsorption of mud-
stone source rock for shale oil-Experiments, model and a case
sludy[.”. Organic Geochemistry, 2016,92,55-62.

Zou Yanrong, Sun Jianan, Li Zheng, et al. Evaluating shale oil in
the Dongying Depression, Bohai Bay Basin, China, using the
Journal of Petroleum

Science & Engineering, 2018,161:291-301.

oversaturation sorption zone method [J].

Huang Zhenkai, Li Maowen, Liu Quanyou, et al. Hydrocarbon
generation and evolution of the source rocks of the lower Es3 and
upper Es4 members of the Shahejie Formation in the Niuzhuang
Sub-sag, Jiyang Depression, Bohai Bay Basin, eastern China[J].
Interpretation, 2018, 6(4):SN11-SN21.

Huang Zhenkai, Liang Tian, Zhan Zhaowen, et al. Chemical
structure evolution of kerogen during oil generation [J]. Marine
and Petroleum Geology, 2018, 98:422-436.

BRI, PetfEar, Ra . AR R SUSGEYLEE : <A R
TER S 0 FIRAER DT L] AR5 IT % , 2021,48(3) :
437-452.

Jia Chengzao, Pang Xiongqi, Song Yan. The mechanism of uncon-
ventional hydrocarbon formation: Hydrocarbon self - containment
and intermolecular forces[J]. Petroleum Exploration and Develop-
ment, 2021, 48(3): 437-452.

(i RIAE)



