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Abstract: To overcome the high subjectivity of manual identification in traditional sandstone petrographic analysis and
the limitations of conventional image analysis methods, which typically focus on isolated tasks and lack systematic
quantitative characterization capabilities, this study proposes an integrated intelligent analysis scheme for thin-section
images that covers both workflows and techniques. A sandstone petrographic analysis framework encompassing three
major domains (i. e., composition, texture, and porosity) was established. This framework defines a standardized
analytical pathway from raw thin-section images to geological parameters. The deep learning and image processing
technologies were integrated into this scheme. Specifically, the Mask R-CNN model was employed for the precise
segmentation of detrital grains, and the MobileNet model was utilized for compositional classification; meanwhile,
tailored image processing algorithms were integrated to systematically extract three categories of parameters:
composition, texture (including grain size, sorting, roundness, and grain contacts) , and porosity (areal porosity and
pore diameter). Validation using sandstone samples from multiple basins was performed. As indicated by the research
results, (1) the results of the integrated analysis were highly consistent with those of manual identification regarding key
parameters, while demonstrating superior objectivity and precision in geologically complex scenarios such as quartz

overgrowths; (2) the constructed sandstone analysis framework systematically generated “petrographic datasets” ,
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successfully achieving a paradigm shift from qualitative description to quantitative analysis.

Key words: image processing, Mask R-CNN model, MobileNet model, deep learning, intelligent quantitative analysis,

sandstone petrography
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Fig. 1 Image-based sandstone petrographic analysis framework
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Fig. 2 Source and data annotation schematic of sandstone microscopic image datasets in sandstone petrographic analysis
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Fig. 3 Schematic diagram of the improved deep learning model architecture for sandstone image segmentation and classification in

sandstone petrographic analysis
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Table 1 Comparison of accuracy and computational efficiency of different classification models for sandstone component

classification in sandstone petrographic analysis
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Table 2 Sources and characteristics of sandstone samples used for petrographic analysis
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Fig. 5 Deep learning analysis results of representative fields of view (FOVs) for six sandstone samples from different basins in sandstone

etrographic analysis
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Fig. 6  Quantitative extraction results of petrographic characteristics of sample S2 from the Upper Triassic Yanchang Formation in the
southeastern Ordos Basin
GZIEZERE SRR T A5 B USRS A B 03 5 FFIFLER 3 28288 A A R o X, X, FIXG 23000k A1 38 AT IR T B & 4, %5 YL Y, Y, Y RTY
Oy FIRRIAZIERE 0. 5 ~ 2. 0,0. 25 ~ 0. 50,0. 125 ~ 0. 250,0. 062 5 ~ 0. 125 0F10. 031 25 ~ 0. 062 50 mm PYHEJF ok () Z2FUEHR , %; D, , D, 1 D 533
T AR ) BORAE , mm; R, , R, FIR 73501047 Y AT NSRG4 (14 1 Rl 15 80, TC 4 44 5 € R C, A U 52 304 fnh e e 426 fink O ME €, %)

H B R B SRR A R, A A T
(72. 4%) R IK A TR ERRE(575%) . R, M T
0.250 ~ 0. 500 mm F7 42 3 Bl (5 K 52.9%) , 0. 125 ~
0. 250 mm RLAR G FE 4 O 1 2 (1 45.4%) . A
I 5E 44 16 10 0 B HERA A “ Al - ok A B KA A
S5 FE i PR VI LAk F LD S8R o3 AR TR TN T
G55 = AR VE R IX ] A D7 SR TR R AR A
F0.5~ 2.0 mm AYEURL CHLAD ) 5 EE R 69. 03%, Ridd K
T 2.0 mm B9 PR (BR) (5 HE A 39. 44%, HORE N T AL &
(1) LD T FORE "8 1E R “BRTURLRL” . S6 BE i v, BFR

JEBPRIR S B S R, HREG kIt Rk
AIEBEEEERAN1:5 K TSE5ERNMRIEN:3),
WO 2 2 iAo E B AT . D g R U G o
B 5 5 e 85 e AR IR AE 2 24 B B 1 3 X004 1y
Jri B, AL RS B 1 B 53 5 5 R S S

S2 A B [ 5 SR S6 R i SR 2 fioh 56 2R ) 4
), W) B e T 3 T e — BE A A 5N T PR
Wit RAR 25 5% . FERX IR S E 0 e I Al & o i 5
Tt A (U [ B s BOR URL il OC R ) L e T
e — M BERRE . BUAT BB AR R AE 2800 O A AL



1768 Al R AR R M R EXYES
#x3 WEEHEFESWPARESEFEIT LB ERMN S EITEIRXT EE
Table 3 Comparison of segmentation metrics of different segmentation methods on typical samples in sandstone petrographic analysis
. . Sty
PR i WRAH R % FH LU 9 Dice LEFERT s
GT 84 — — — —
- Frik ACKBAER) 77 91.7 0.4396 0.5877 4.29
77 B(SLIC M5 %) 50 59.5 0.299 5 0.4207 3.86
ATk (O3] + RG] 72 85.7 0.8135 0.840 5 5.10
GT 77 — — — —
© ik ACKISAER) 67 87.0 0.398 0 0.5439 3.97
7 B(SLIC 1% %) 11 14.3 0.097 8 0.1556 3.85
ATy (O3 E) + RG] 59 76.6 0.6258 0.6776 4.41

1 :loU £ FR A Intersection over Union, BIZEIF H , J&—Fi i3 [R] UG AH 1 51 & LU 51 9 244 ; Dice 285 M Dice Coefficient, RIS T 2 Z sl AL PE R
B, 2 A At AR TN A A DX 3R B SEARVE (GT) B 0L DX S AE TR F S A 1 5 B R b — " Ron e T Lz A8 b AN IE .

x4 WEEEESNHETRAESMHNARVEERLEELERSATLEEILL
Table 4 Comparison of identification results of different sandstone samples based on fusion analysis with manual identification in

sandstone petrographic analysis

[E TR Tk FERAAX ] /mm 3R JE I Wokife e R HEALER% ES

. AT %5E 0. 250 ~ 0. 500 I WIF A i 0 R A A A
Ao 0. 125 ~ 0. 500 I WA 2R - i 0 -k JE A

© AN TS 0. 125 ~ 0. 500 58 Wk 2 - S i 8.90 -4k A A TR A
LS X 0. 125 ~ 0. 500 I WK IB - b LR i Bz fih 9.62 Th-gIRA A T A

% ANT%E 0. 500 ~ 2. 000 I Y- [l i — HLRLA B b
il o 0. 500 ~ 2. 000 I W -1k B LA S — itk e = Er e

< AT %5E 0. 500 ~ 2. 000 rh Ktz R 3.00 T RRRURL A S H
[lSE R 0. 500 ~ 2. 000 I ki R 2.40 TRRRRLR A A B

- AN T 2% 0. 500 ~ 2. 000 sl W -2 — PR B AL BT E R A S B A
[l 0. 500 ~ 2. 000 I W A i RHRL K A B A

s ANT %% 0. 500 ~ 2. 000 th WA R 13. 60 MR KA R B A
A o 0. 500 ~ 2. 000 It IR 2R - F il 13.53 FRLA T DA

TE "R AR TP H AL 2R A I

(L S3 F1S4 FE S ), (HAEAN BRI 25 & 24 1 ih Z AT,
A MEALAS ], SA—S6 K 11 73 1 25 AR T 1k
A5 TP EARA DO . N TS i 32 2k
0 7 T 50% ~ 75%, 433 DAy v i 2 6 U T
BT TR IS I 5318 R B (S, )(S4—S6 FE fh Rk
52.16,1. 68 Fl 1. 85, J& T4 " BTG BE ) P4 T B WHIE
PO TR T NG ) T A R RS R

4.4 itig

BT A TR I 27 ) 5 B AL B 5 J7 5% L TE
1955 Ml B0 D R o P R IR A g R A R S AR A
P HARHAE T WAL NAZANE : DL it 3
RGN, HE S A1 20 A A E P R s
WAFE R RIREENE, XRRHPE T T s R
fO RIS HedE ] B A R SR, BURE N TE REAK SN
BB AR I R A RS ) B 3R Bl e AR
RGMEREE

ORI SRS AL PR TR EE R 5, 2 S B i
HARRI BT . RIS, IR A i —
PUBAR LU LA A2 L AN B - R~ T UL L
S KA s e AR RE L T
PSS TR ) 350 55 23288 5 PR Pk BN B At L 52 ) )
TR SRAT A, SEBAIEAS (25 1] 5 LA 2 A v
Al XM CTE SCRER 5 LTI A RE T ELAN , R
T E PR E R AR A RS BE T RS, R
TH TR A A AR R A2 TR S RE T

FHECT 185K B — A A A BOPE RE  ABIE TS Y
W E AT RE SR A O otk T it T — B R
GEVERIIR R TS 5 o B AL G o B I B Ly A5 R AL
B = R A — DG — Al EARHEAL RT3
TR . AR 6 X S2 B b B 58 B A A o 9], 9F 5 35 T
VATR] A2 AR A 41 15 B4 OB AR K ELAR B SCHRA0  o
FHAFROHRAR” o XA A B dls F) 36 B A ] X L
PR T TRAR , BN M 2 B A 2% A b B ), 325 4 B R



F5H

ARIESR A BLE TR % 2] 5 U GAL B RD A A 2 0 7 i 1769

JE R b A EAR M T A BRI, R
HOEAE RS % € s PR MR AR & D
ATRE , 57 B A0 UL fioh 5% 22 Bt R al T R T A
HIF I, S AR R o A U DR s 8 22 W DA AR
Pt THTTARA AU

ORI A M o A5 B A IR R Y A7 A
RIRFAEMERE o (1N, AT P B UKL fiph 5 22
SFZMBEM G — PR R, B 2 BRI R AR rh R
PREAE (B AL PRI 2 SR BI , T2 thBS AN T2 50 R
ARG 25 o 33 S W T Ml I G Y 1 M S SR A Y
BRI Z AR AR 22 5 . ARl 3 seAe AR 24
P GIATRIE 5 > I7 1 sOT R sh A B EOR , 2E— 204
TR A2 et o A A A A P R

MR FUE B B XSG e, R BEAROR ,
=AM O BE AL 7 16] T A DA A A 3 Je 1o 8 P A
M, e bm AL | R A B R AR TR % 1) X DURR - i i
FERIE B OGRS AR . ORISR BB X4
M BRURE 411 i 28 O SR80 VR T (g A AT L
RIHBYAE) , BRI A A S T SOR A A AR %
] 303 i) AR SRS Y sh A R E . AR R LA
A A S B B B - R GE RS LU T o, A fE
SR B A VR AR YE TR 5 A B R AR T
i J2 RS IRL i R P I 2 20 B R DA R A7 ML ) T
FEHRBEOCHE A B S S IA T R

1) P T Rl A TR 2 o) 5 UG A B 0 5 A
EEREHIAES . FF Mask R—CNN F1 MobileNet 5
U ST PR i ORI ok B2 R 5 o028 A5 S IR AL B
Fk RGBS S5 S LR 3 RESELIE R T M
T RS 0 Hb T S 5500 RS A AT, SR B A A 2 A
PET AT SRR TR S

2) 5 A R A IR 25 SRR UE T R o b O i
FAERD A A E D TAE SR B o] AT S R . Al gt
1) AH 2 B A SR ORI 1) 5 i ot e o e 4
HET 2B A AL A HE ) A A AR S AR 3 1) B
AR, R R T S A 2 WA BL I F 5 4 A 5 ik
PERAR

B AR EE T PELNLFFERLH
4 (P19028) Wy % Bh, EMF & XE S HFEAFELAE
ORI FEAEMBARBRE L LR ERENTLE &
EEALE, BHTERZFRAAFEABZAAR
MEREFIEAMELS Ry mRENHEA X

Fro RORBFEE MG MBETLAE I EG E
HFR R AL E B R B B
RIERMFHBELRF L TFHL LR EZ A
R R LM BEREH BT EHRAETLE
HuAE K TE AR LAY BB A & B TSR, AT 5
B SRS RAZ G Il R T B, 4 AR
B H RS AFLBRASTRENATDEH R
REFEMZHES T EHMEGEANERELT, I
BN GRETEENHEAN T, B, wAHES 5
FriE & AL THEMRHARA R BOREHE, f180F
STERETHEENRESAR. "E, RAFRL
FRGHENAAXRENEZHAEREL, EXEAL
F g E, A B LR R

& % X w

[1] SELLEY R C. Elements of petroleum geology [M]. 2nd ed. San
Diego: Academic Press, 1998.

(2] RE. RERPESMIEHMEIM]. AL ATl diR
1, 1986: 1-74.

ZHU Xia. Zhu Xia’ s discussion on the structure of oil and gas
basins in China [M]. Beijing: Petroleum Industry Press, 1986:
1-74.

[3] READING H G. Sedimentary environments: processes, facies
and stratigraphy[M]. Oxford: Blackwell, 1966.

[4] PETTIJOHN F J, POTTER P E, SIEVER R. Sand and sandstone
[M]. 2nd ed. New York: Springer, 1987.

[5] SCHMIDT V, MCDONALD D A. The role of secondary porosity
in the course of sandstone diagenesis [M]//SCHOLLE P A,
SCHLUGER P R. Aspects of Diagenesis. Tulsa: SEPM Society
for Sedimentary Geology, 1979: 175-207.

(6] ERA, THIMS, sKFINE, 5. A8 MBE Y = b B K 3 &

T E WE AR K 2 S A [T ], A E AR i (B
IRRRERR) , 2025, 49(1) : 44-58.
WANG Junjie, DING Zupeng, ZHANG Yuqing, et al. Diagenetic
evolution process and differential distribution of gravity flow
sandstones in sublacustrine fan in the middle sub-member of the
3rd member, Shashejie Formation in Dongying Sag[J]. Journal of
China University of Petroleum (Edition of Natural Science) ,
2025, 49(1): 44-58.

(7] JEIER, SREEH, RN, 55, BW-ZEEHIX K 8 BRBUR I A

fift 2 LB 22 S M AL SRR [T ). b B R 224 (R AR
J) , 2025, 49(3): 37-50.
XI Kelai, ZHANG Zehan, CAO Yingchang, et al. Porosity
differential evolution and genesis of Chang 8 Member tight
sandstone reservoirs in Zhijing-Ansai area [J]. Journal of China
University of Petroleum (Edition of Natural Science) , 2025, 49
(3): 37-50.

[8] BURLEY S D, WORDEN R H. Sandstone diagenesis: recent and
ancient[ M ]. Algiers: International Association of Sedimentologists ,

2003.



1770

EERIIESIPS

7

W

N

A B

F41 %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ZHOU Donghong, DOU Qifeng, JIANG Jiaqi, et al. A rock
physics model-based approach to delineate deep and tight sand
reservoir heterogeneily in the Bohai Bay Basin, China[J]. Energy
Geoscience, 2026, 7(1): 100477.

TH, BE, ZRE, % SUEDAMRLRSS S0y
M o7 G 3R AR 7 vk B FLJ/OL . KPR i i 597 % - 1-
9[2026-05-19]. https://doi. org/10. 19597/]. ISSN. 1000-3754.
202512014.

WANG Yong, TANG Jun, LI Xianlu, et al. A method for
evaluating the relationship between pore structure and rock
physical response of tight sandstone reservoirs and its application
[J/OL]. Petroleum Geology & Oilfield Development in Daging: 1-
9[2026-05-19]. https://doi. org/10. 19597/]. ISSN. 1000-3754.
202512014.

EDARMR, MR, BRI, S5 BURRE AR AR = e
55 AL TR A0 - DA P T A B b i Sk ) i 400 — B oy
BILT]. H2FRG%%, 2025, 32(5) : 404-416.

YIN Senlin, LIN Shaoling, HU Zhangming, et al. 3D model of
mineral interior tight sandstone reservoir and distribution of
fracture dessert: Taking 2nd Xujiahe Formation outcrop section in
western Sichuan Basin as an example [J]. Earth Science
Frontiers, 2025, 32(5): 404-416.

EROG, BOCHE, 50, . BURRD KR LR A AR S
) A 3R —— LA P - R il X B A e s 21 S ) (0], s
A, 2026, 33(2): 245-254.

WANG Chenguang, ZHONG Dakang, MO Tao, et al

structure characteristics and its controlling factors of tight

Pore

sandstone reservoirs: A case study of Bashijigike Formation,
Bozi-Dabei area [J]. Fault-Block Oil and Gas Field, 2026, 33
(2): 245-254.

GALLOWAY W E. Genetic stratigraphic sequences in basin
analysis I: Architecture and genesis of flooding-surface bounded
depositional units[J]. AAPG Bulletin, 1989, 73(2): 125-142.
XUDHE, BOE, B, 45 BURTDAA 6K SO UK B LR X
TE CO, #2558 —— LSRR 2 307 1 R A M < g 161
(0] A SRR, 2025, 46(1): 261-272.
LIU Zhongqun, JIA Ying, LIANG Bin, et al.

Microscopic
analysis of gas and water retention mechanisms and CO, injection
for enhanced gas recovery of tight sandstones: A case study of the
Daniudi Gas Field, Ordos Basin[J]. Oil & Gas Geology, 2025,
46(1): 261-272.

SKAE . 2 TR R S A IR R R —— LAV A AR o
BTt 3 2R AL 20 -V i 2 DO B NS BRI [T ). A R AR
S MR, 2025, 46(2) : 599-616.

ZHANG Qian.

provenance: A case study of the sequence from the Paleogene

Multi-method-constrained tracing of complex

Kongdian Formation to the lower submember of the 4th member of
the Shahejie Formation in the Dongying Sag [J]. Oil & Gas
Geology, 2025, 46(2): 599-616.

KRB SRR 2 W4 B B DX AR R BB D A R R RIE
B EFHAET]. Brstaibi, 2026, 47(2): 146-154.

ZHU Yan. Development characteristics and controlling factors of
Paleozoic tight sand-stone reservoirs in Xunyi area, Ordos Basin

[J]. Xinjiang Petroleum Geology, 2026, 47(2): 146-154.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

L, Bk, AWEE, & BURT A SUR CO, M7 K
CHRMCRLI]. B i T, 2025, 46(5): 591-599.

JIANG Yi, YANG Shenglai, BAI Haoyan, et al. Study on CO,
storage and CH, recovery enhancement in tight sandstone gas
reservoirs [J]. Xinjiang Petroleum Geology, 2025, 46 (5) :
591-599.

R, WML, TVER, 55 . BUB D A SRR R MR L
[J]. Brsfrim bR, 2025, 46(2): 224-230.

DAI Jinyou, LEI Xizhen, SHI Yangyang, et al. Causes behind
low recovery in tight sandstone gas reservoirs [J].
Petroleum Geology, 2025, 46(2): 224-230.

WO7, M, B, 5. T HIRM AR A T [
R ] BHBERRHE, 2025, 1(1): 1-13.

HAO Fang, TIAN Jinqgiang, WANG Guangwei, et al. Ideas on

Xinjiang

several issues concerning the study of hydrocarbon accumulation
in deep formations[J]. Deep Earth Energy Science & Technology,
2025, 1(1): 1-13.

2RI, BIRAS, Rehh, A5 ERE SR Rk
Jrily]. A EARAE, 2020, 25(1): 45-57.
LI Yang, XUE Zhaojie, CHENG Zhe, et al. Progress and
development directions of deep oil and gas exploration and
development in ChinalJ]. China Petroleum Exploration, 2020, 25
(1): 45-57.

Edkie, Tk, Biia, . RE-REEEE S U2 A
MU ——DLE W R A B R - =SR2 N0, A
KIRRHET, 2025, 46(1): 151-166.

WANG Jiyuan, WANG Bin, HU Zongquan, et al.

mechanisms of high-quality deep to ultra-deep clastic reservoirs:

Genetic

A case study of the Permian-Triassic strata in the hinterland of the
Junggar Basin[J]. Oil & Gas Geology, 2025, 46(1): 151-166.

AOUA, WIBA, W SC. JIARBZ I T BT B ST R I
RV E A PR B BRI 0 (0], i 5 RAR ST, 2026, 47
(2): 366-384.

ZHU Guangyou, YANG Haijun,
10000-meter

TAN Qingwen.
depth:
hydrocarbon exploration depth limits and resource potential [J].
0il & Gas Geology, 2026, 47(2) : 366-384.

A, EWEHE, $EE, & E BRI R R R
W5 3T W E PR IR K E R IP T ], Arih 5 KR
JiT, 2025, 46(3): 685-704.

ZHU Xiaomin, WANG Xiaolin, HU Xin, et al.

Theory of

petroleum  geology  at Challenges  of

Frontiers and

future prospects of international sedimentological research:
Review on the 37th International Meeting of Sedimentology [J].
0il & Gas Geology, 2025, 46(3): 685-704.

ST, WAH, TR, & SRR AERILB S Pk )]
Al SRR, 2026, 47(2): 351-365.

DOU Lirong, WEN Zhixin, WANG Zhaoming, et al.
Opportunities and challenges in global petroleum exploration [J].
0il & Gas Geology, 2026, 47(2): 351-365.

SRARE WY, SR, AL B HLR A W T TR R R R
R RN IO ——DUREI AR T O [T]. Wrum =
HI, 2025, 32(5): 826-834.

ZHANG Yintao, XIE Zhou, YUAN Jingyi, et al. Fracture

identification of ultra-deep carbonate reservoirs by logging in



F5H

ARIESR A BLE TR % 2] 5 U GAL B RD A A 2 0 7 i

1771

[27]

Fuman Oilfield, Tarim Basin: Taking Guoledong [ area as an
example [J]. Fault-Block Oil and Gas Field, 2025, 32 (5) :
826-834.

B, SCERD, BT, 4. BRI E TR )2
TR R 5 1 S R T 57— AR FEOR 2 il i Ay
BILI]. RPN 5 IT &, 2024, 14(4) : 549-559.

XUE Yifan, WEN Zhigang, HUANG Yahao, et al. Study on

reservoir fluid source and hydrocarbon accumulation process in
deep to ultra-deep strike-slip fault zone: A case study of Fuman
Oilfield, Tarim Basin [J]. Petroleum Reservoir Evaluation and
Development, 2024, 14(4): 549-559.

RIS, BTN, BOERE, &5 . RE R EUER A ALBE (LR
Ko R )2 KB A —— LA P38 B AR A S 4 —
Bty ], s SGROE 5T 4, 2025, 15(3): 394-405.
CHENG Bingjie, LIAO Zheyuan, LYU Zhengxiang, et al. Pore
evolution characteristics and “sweet spot” reservoir development
model in deep ultra-tight sandstones: A case study of the second
member of Xujiahe Formation in eastern slope of western Sichuan
Depression[J]. Petroleum Reservoir Evaluation and Development,
2025, 15(3): 394-405.

JA =AM, sk EE, i EE, GF . RERHERR R R RZ KT B
W7k R Sy L Ot e e (Y], it pROR 22 4 (R B} 2
J), 2026, 56(2): 397-412.

ZHOU Sandong, ZHANG Weixin, CHENG Qiaoyun, et al.
Research progress on evaluation method and dynamic mechanism
of coalbed water movability in deep coal reservoirs[J]. Journal of
Jilin University (Earth Science Edition), 2026, 56(2): 397-412.
B, 2R, RN, AF LI b XA S AL TR 2 — TR R
FALBR A 5 B RRE [T ). AR, 2025, 39(5) : 1305~
1315.

MIAO Huan, JIANG Zhenxue, GONG Xun, et al. Pore structure
and fractal characteristics of deep to ulira-deep shale in the
Qiongzhusi Formation, central Sichuan area [J]. Geoscience,
2025, 39(5): 1305-1315.
ZHENG Herong, LUO Jun. Progress in research on the
exploration and evaluation of deep geothermal resources in the
Fujian-Guangdong-Hainan region, ChinalJ]. Energy Geoscience,
2024, 5(2): 100232.

WK, B, s, 55 . SRR 22 4l P R R I 1
eI ALY A BT C O IRl AR M Bl 72 SCLT ). AR
M, 2025, 39(5): 1209-1218.

HU Yongxing, YANG Tao, ZHANG Xiang, et al. Carbon and
oxygen isotope characteristics and uranium mineralization
significance of sandstone-type uranium deposits in the Lower
Cretaceous Luohe Formation, Zhenyuan area, southwestern Ordos
Basin[J]. Geoscience, 2025, 39(5): 1209-1218.

K, #eTt, B, &L h-RBIRERE AR E E R A E
RPAE B G 248 PR R —— DA B/ A A P 2 1 4 DXt 3 % i
H—HE R = WA BT 45 KA T, 2025, 46
(3): 876-893.
ZHANG Xuecheng, CAl Quansheng, WANG Wei, et al
Differential development characteristics and main controlling
factors of high-quality clastic reservoirs in the middle-deep strata:

A case study on the Paleogene Yacheng Formation and Neogene

[33]

[34]

[36]

Sanya Formation around Ya’ nan area, Qiongdongnan Basin [J].
0il & Gas Geology, 2025, 46(3): 876-893.

KRGS, PRI, S, . LT R — A S TR E R
WD R R R Y AL [T ). I SR, 2025, 47
(6): 1440-1454.

ZHENG Penglin, XU Ke, ZHANG Hui, et al. Propagation
patterns of hydraulic fractures in deep tight sandstone reservoirs
based on thermo-fluid-solid-chemical coupling [J]. Petroleum
Geology & Experiment, 2025, 47(6): 1440-1454.

THME, FERCAR, A, B B AN R R T B DR R
PN SSRARALT]. FERh AR, 2025, 32(6): 150-157.
YIN Bin, DONG Changyin, LI Gaofeng, et al. Pressure drop
evaluation and parameter optimization in near-well sand-control
zones of loose sandstone reservoirs [J]. Special Oil & Gas
Reservoirs, 2025, 32(6): 150-157.

TR, SRR, PNEAR, S SRR 2 T SRR L1 — AR T X
SHERK 12 RB BEAE)Z BB S RN R T ] R
AR, 2025, 32(4) : 68-76.

ZHANG Liang, QI Yuan, SUN Yuxi, et al. Accumulation
conditions and main controlling factors of Triassic Chang 1+2 low-
permeability sandstone reservoirs in the Mahuangshan-Buziwan
area, Ordos Basin[]]. Special Oil & Gas Reservoirs, 2025, 32
(4): 68-76.

B, W, B, S ORI I T BRI R A R
TR ik T 5 S B —— LA 223K X SOSOH I X A [T ). R IRAT
LS T & , 2026, 45(1): 73-79.

CAO Baojun, JI Xueyan, LI Wei, et al. Economic development
practice of tight glutenite gas reservoirs in Shahezi Formation of
Daqing Oilfield: Taking SOS9H well block in Anda area as an
example [J]. Petroleum Geology & Oilfield Development in
Daqing, 2026, 45(1): 73-79.

BLUNT M J, BIJELJIC B, DONG Hu, et al. Pore-scale imaging

and modelling [J]. Advances in Water Resources, 2013, 51:

197-216.
BT, SRR, &2, & PEE BARTUE 2 R EMAS

ZREVES AR E LM IR X [T, fim S KRB, 2022,
43(1): 1-25.

LI Maowen, MA Xiaoxiao, JIN Zhijun, et al. Diversity in the
lithofacies assemblages of marine and lacustrine shale strata and
significance for unconventional petroleum exploration in China
[J]. Oil & Gas Geology, 2022, 43(1): 1-25.

ENERAR, BISKD, WAL, 45 B ORGSR LR Y RS
HBURID AT SRR R ARG R —— LUE G A h i S il 5
T NHUBAREE BB LS G B[], £S5 KRBT, 2026,
47(2): 591-608.

YIN Senlin, HU Zhangming, ZHAO Jun, et al. Characterization
and modeling of sweet spots in tight sandstone reservoirs of the
Jurassic Ahe Formation, Yangxia outcrop, Tarim Basin: A case
study using conventional outcrop data and UAV oblique
photogrammetry model [J]. Oil & Gas Geology, 2026, 47(2) :
591-608.

FHRAE, PRER, X85, S5 N TR REIR 3 1 B 2R b (A i 72 TR
S RAE——LLER VL 110 3 M U B 7 3 2 BR VL 2H 3 ) by
BT, A S RASH, 2025, 46(3) : 860-875.



1772

EERIIESIPS

7

W

N

A B

F41 %

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

GE Jiawang, CHEN Cong, LIU Pei, et al. Al-driven seismic
sedimentological characterization of shelf sand bodies: A case
study on the Neogene Zhujiang Formation, Huizhou Sag, Pearl
River Mouth Basin [J]. Oil & Gas Geology, 2025, 46 (3) :
860-875.

JIANG Feng, GU Qing, HAO Huizhen, et al. A method for
automatic grain segmentation of multi-angle cross-polarized
microscopic images of sandstone [J]. Computers & Geosciences,
2018, 115: 143-153.

FAN Xiaochuan, JU Lili, WANG Xiaoqiang, et al. A fuzzy edge-
weighted centroidal Voronoi tessellation model for image
segmentation [J]. Computers & Mathematics with Applications,
2016, 71(11): 2272-2284.

JIANG Feng, GU Qing, HAU H, et al. Grain segmentation of
multi-angle petrographic thin section microscopic images [C ]/
2017 IEEE International Conference on Image Processing (ICIP).
Piscataway, NJ: IEEE Press, 2017: 3879-3883.

XIS, YA, e/, 45 SET AR R (O BCs b2 LI
WORSHCE HARIREOR L) ] IR, 2017, 35(1): 134-138.

LIU Yan, XIE Ruijie, CHAI Xiaoying, et al. Quantitative
extraction technology of micro pore structure parameters based on
thin section for tight sand reservoir[ J]. Henan Science, 2017, 35
(1): 134-138.

XA, VPSR, MR, 5. A AR S FL B R SR RIS
BRI AL TR, 2018, 40(5): 925-931.

LIU Chun, XU Qiang, SHI Bin, et al. Digital image recognition
method of rock particle and pore system and its application [J].
Chinese Journal of Geotechnical Engineering, 2018, 40 (5) :
925-931.

RIGEEE, e, ¥, . MG FRRAL B IR 2 o) 155
UKL K A2 o AT (D], A 9230 15T, 2023, 45(5)
1026-1038.

YU Xiaolu, LI Longlong, JIANG Hong, et al. Application of
sparry grain limestone petrographic analysis combining image
processing and deep learning [J]. Petroleum Geology &
Experiment, 2023, 45(5): 1026-1038.

B, sk, RO, 45 BE TR IR B B JURE
AR EI]. TR, 2021, 29(1): 59-68.
CHEN Jianhuang, ZHANG Zhongjian, XU Wenjie, et al.
Quantitative method of shape parameters of mineral particles based
on image processing[J]. Journal of Engineering Geology, 2021,
29(1): 59-68.

EACK, I, BN, AF L ORFEMROC RS T A A
BIRAFEIT]. TR B TR 24 (A SRR , 2023, 42
(6): 69-75.

WANG Yongmao, HUANG Lingling, HOU Guangshun, et al.
Combined segmentation of rock slice images under different
polarizing systems [J]. Journal of Henan Polytechnic University
(Natural Science), 2023, 42(6): 69-75.

LIANG Jiabin, SUN Yongyang, LEBEDEV M, et al. Multi-
mineral segmentation of micro-tomographic images using a
convolutional neural network [J].

2022, 168: 105217.
MAHMUD B U, HONG Guanyue. Semantic image segmentation

Computers & Geosciences,

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

using CNN (convolutional neural network) based technique [ C ]/
2022 IEEE World Conference on Applied Intelligence and
Computing (AIC). Los Alamitos, CA: IEEE Computer Society,
2022: 210-214.

A, XN, X, 55 FE TS W R I HLH A9 Mask R-
CNN BUES = A A iR RS E [T ], Rz 22 4 (A
SRRLEIR) , 2024, 48(4) : 24-32.

LI Chunsheng, LIU Tao, LIU Zongbao, et al. Image identification
of rock slices of Mask R—CNN tight oil reservoir based on spatial
attention mechanism[J]. Journal of China University of Petroleum
(Edition of Natural Science ), 2024, 48(4): 24-32.

DONG Lanfang, GUI Hao, YU Xiaolu, et al. High-accuracy
image segmentation based on hybrid attention mechanism for
sandstone analysis[]]. Minerals, 2024, 14(6): 544.

IR . YRR TR AR B G2 BRI H AR IR B Y
RMHBFFE (D], dbat: hEHETRE L), 2021

LI Deqi. Deep learning in rock slice sequence image segmentation
and target recognition applied research [D]. Beijing: China
University of Geosciences (Beijing), 2021.

DONG Liangfang, SUN Chenxu, YU Xiaolu, et al. Hybrid
architecture for tight sandstone: automated mineral identification
and quantitative petrology[ J]. Minerals, 2025, 15(9): 962.
SAXENA N, DAY-STIRRAT R J, HOWS A, et al. Application
of deep learning for semantic segmentation of sandstone thin
sections[ J]. Computers & Geosciences, 2021, 152: 104778.
ARIGERE, MG, MRS, AF L JET IR M A kIR R
Ptk WA AR AI LT, Al SE g s, 2021, 43(5) : 880-

885, 895.
YU Xiaolu, YE Kai, DU Chongjiao, et al. Microscopic
recognition of micro fossils in carbonate rocks based on

network [J].
Experiment, 2021, 43(5): 880-885, 895.

Lo, RBERR, AT, % ST URE R 2 IR L A R
A3 2GRBN L], BB B TR 4 2 4k (AR B Ri0) |, 2023, 50
(5): 629-636.

DU Chongjiao, YU Xiaolu, PENG Jinning, et al. Research on

convolutional neural Petroleum  Geology &

classification and recognition of carbonate particles based on deep
learning [J]. Journal of Chengdu University of Technology
(Science & Technology Edition), 2023, 50(5): 629-636.
W, e T, WAL, 4. FET DC-HED R 45 Al ZR 5L 1K
A O BRI A [ ], v A R 2 R CE AR BLA R
2025, 49(3): 97-107.

PAN Shaowei, YANG Yiting, SHANG Yamin, et al. Edge
detection of petrographic thin section images with DC-HED
network and skeleton extraction[J]. Journal of China University of
Petroleum (Edition of Natural Science ), 2025, 49(3): 97-107.
RIPLC, REMUE, IR & . JT U-net M8 A i R AL
WA SHIRIRLI ). R REIHSEHLE R, 2021, 11(11): 68-75.
LIU Kaiwen, XIONG Shuhua, TENG Qizhi. Automatic extraction
of pores in slice image of rock castings based on U-net [J].
Intelligent Computer and Applications, 2021, 11(11): 68-75.

LI Na, HAO Huizhen, GU Qing, et al. A transfer learning
method for automatic identification of sandstone microscopic

images[J]. Computers & Geosciences, 2017, 103: 111-121.



% 5 1 RIREE A AVE TR S 2] 5 RS B R D 5 5 M b 1 1773
[61] LIU Ye, ZHANG Qidi, ZHANG Nan, et al. Enhancement of thin- O Tolk R, 1981,

[63]

[65]

section image using super-resolution method with application to
the mineral segmentation and classification in tight sandstone
reservoir [J]. Journal of Petroleum Science and Engineering,
2022, 216: 110774.

XU, XoRts, sRATEE, 45 BETUREEE ) M BCE T A )2
Jr AR A S RN T (D] 35 BROR 22 22 4 (IR B4 D)
2026, 56(2): 724-738.

LIU Tao, LIU Zongbao, ZHANG Kejia, et al. Thin section image
generation and recognition method of tight sandstone reservoir
based on deep learning [J]. Journal of Jilin University (Earth
Science Edition) , 2026, 56(2) : 724-738.

XU, 8%, PRI, 45 . 3R 2 RBERUADI % GAN fY 1% 151
GRS FER BRI H2ERTZ, 2026, 33(4): 136-149.
LIU Gang, PAN Lu, CHEN Qiyu, et al. Seismic image super-
resolution reconstruction method based on multi-scale dual-
discriminator GAN [J]. Earth Science Frontiers, 2026, 33(4) :
136-149.

JREEE, ZEURE, Eokiks, 45 AR AT R e 2 B 58 g
I FHBUIR B e e faFi L) ). Mo hiiZk, 2025, 32(4) : 303-316.
ZHOU Shengquan, LI Yike, WANG Yongzhi, et al. Current
status and development trends of generative Al technology in Earth
science research [J]. Earth Science Frontiers, 2025, 32 (4) :
303-316.

X, W, ER¥%, 5. N LR RRIKS 2 RS 7l <A T
MR R S RHLT ] E AR = i (A AR , 2025,
49(4): 124-134.

LIU He, QU Ruyi, WANG Suling, et al. Artificial intelligence-
driven multi-source integration: Exploration and application in oil
and gas industry [J]. Journal of China University of Petroleum
(Edition of Natural Science), 2025, 49(4): 124-134.

SO, 85 B R, R0k, A BET R R R b a4
BREFNITIALL]. GRS T &, 2025, 52(2): 488-498.
REN Yili, ZENG Changmin, LI Xin, et al. Intelligent evaluation
of sandstone rock structure based on a visual large model [J].
Petroleum Exploration and Development, 2025, 52 (2)
488-498.

KA. DIBUE A ML 4. dEaT: b Dol i hiat:
2008.

ZHU Xiaomin. Sedimentary petrology [M]. 4th ed. Beijing:
Petroleum Industry Press, 2008.

XEI. PIBUA AN doat: B e, 1980.

LIU Baojun. Sedimentary petrology [M].
Publishing House,, 1980.

PR W A SR SRR (M. Jbat: ik o AR AL,
2019.

Beijing: Geological

HE Jing. Thin section identification guide for clastic rocks [M].
Beijing: Petroleum Industry Press, 2019.

KA m . A %548 : SY/T 5368-2016[S 1. b3 : A3
Tl AL, 2016.

National Energy Administration. Identification for thin section of
rocks: SY/T 5368-2016[S]. Beijing: Petroleum Industry Press,
2016.

IR . DOBUA M. 2200y, IRV, BIMA R, . dest.

[75]

PETTIJOHN F J.

Huaida, HU Boliang, et al, translated.

Sedimentary rocks [M]. LI Hanyu, XU
Beijing: Petroleum
Industry Press, 1981.

BEAR, BOC, PF200, . DUBVE BRI PR B 1 3R
S5 BUCEbRELT ], E R B RSO 80 , 2020, 5
(3): 15-25.

HU Xiumian, LAI Wen, XU Yiwei, et al. Standards for digital
micrograph of the sedimentary rocks [J]. China Scientific Data,
2020, 5(3): 15-25.

KU, GEWIA, UG, 55 . i I st gl o [T o 1 B B
IR AR B R [T]. o E R R RO (3 S %
1), 2020, 5(3): 226-235.

LIU Yanpeng, HOU Mingcai, LIU Xiaojian, et al. A micrograph
dataset of buried hills and overlying glutenite in Bozhong Sag,
Bohai Bay Basin [J]. China Scientific Data, 2020, 5 (3) :
226-235.

SRR, L, B . SRS v DI A 2 R TR A
H RGBT ERFEREE (3SR 2D , 2020,
5(3): 78-88.

ZHANG Yiqiu, AN Wei, HU Xiumian. A photomicrograph
dataset of Cretaceous siliciclastic rocks from Xigaze Forearc
basin, southern Tibet [J]. China Scientific Data, 2020, 5(3) :
78-88.

WGy, UK, BREE, . SRRZ T AR SRR 4 IX e By
A FECE TS WA RBE AR ] T ERRE R (RS 4%
J&), 2020, 5(3): 163-169.

LI Panpan, LI Yangbing, CHEN Xin, et al. A photomicrograph
dataset of Upper Paleozoic tight sandstone from Linxing Block,
eastern margin of Ordos Basin[J]. China Scientific Data, 2020, 5
(3): 163-169.

BRELAZ, IMRAE, sk, 45 . SR 2 st b SRR G AR 2
FAW B RRRE A LT ], R A A (rpose SO 4
J§), 2020, 5(3): 205-215.

QIAN Hongsha, XING Fengcun, ZHANG Chunlin, et al. A
dataset of microscope images of Middle Cambrian rock sections
from Xuzhuang Formation in Ordos Basin [J]. China Scientific
Data, 2020, 5(3): 205-215.

HOC, Sk 2Rk, WIERR, 4. RIg= gk dh—Au#8  2e bE e
AR GEGRAELT ] P ERERE (PSSR 2R , 2020,
5(3): 89-99.

LAI Wen, ZHANG Yiqiu, HU Xiumian, et al. Photomicrograph
dataset of Cretaceous siliciclastic rocks from the central-northern
Lhasa Terrane, Tibet[J]. China Scientific Data, 2020, 5(3) :
89-99.

b, WMEARR . VORI TS SRR - R B A T
Je G ERAEL ], hERFERE (3SR 2D , 2020,
5(3): 107-115.

HAN Zhong, HU Xiumian. A photomicrograph dataset of Early-
Middle Jurassic rocks in the Tibetan Tethys Himalaya[J]. China
Scientific Data, 2020, 5(3): 107-115.

SRARZS, BB . IR HUR 2 M vE 0 1 - A TS
R I 't A AR R AR L0 ] v A e (P e SO o) 4%
J) , 2020, 5(3): 59-69.



1774

Val| IS N

R K

13

M

F41 %

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

ZHANG Shijie, HU Xiumian. Polarized light micrograph dataset
of Late Cretaceous-Eocene rock thin sections from western Tarim
Basin, Xinjiang[J]. China Scientific Data, 2020, 5(3): 59-69.
LIN T Y, DOLLAR P, GIRSHICK R, et al.
networks for object detection [C]//2017 IEEE Conference on
Computer (CVPR). Los
Alamitos, CA: IEEE Computer Society, 2017: 936-944.

HE Kaiming, GKIOXARI G, DOLLAR P, et al. Mask R-CNN
[C]//2017 IEEE International Conference on Computer Vision
(ICCV). CA: IEEE Computer Society, 2017:
2980-2988.

HE Kaiming, ZHANG Xiangyu, REN Shaoqing, et al.

Feature pyramid

Vision and Pattern Recognition

Los Alamitos,

Deep
residual learning for image recognition[ C]//2016 IEEE Conference
on Computer Vision and Pattern Recognition (CVPR). Los
Alamitos, CA: IEEE Computer Society, 2016: 770-778.

DENG Jia, DONG Wei, SOCHER R, et al. ImageNet: A large-
scale hierarchical image database [ C1/2009 IEEE Conference on
Computer Vision and Pattern Recognition. Los Alamitos, CA:
IEEE Computer Society, 2009 : 248-255.

HU Jie, SHEN Li, SUN Gang. Squeeze-and-excitation networks
[C1//2018 IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Los Alamitos, CA: IEEE Computer Society, 2018:
7132-7141.

HOU Qibin, ZHOU Daquan, FENG Jiashi.
network design [ C /2021

Coordinate attention

for efficient mobile IEEE/CVF

Vision and Pattern

IEEE Computer Society, 2021:

Conference on
(CVPR). Los Alamitos, CA:
13708-13717.

WO0O S, PARK J, LEE J Y, et al. CBAM:
attention module [CJ//Cnmputer Vision—ECCV 2018.
Springer, 2018: 3-19.

SANDLER M, HOWARD A, ZHU Menglong, et al
MobileNetV2: Inverted residuals and linear bottlenecks [ C1//2018

Computer Recognition

convolutional block

Cham:

TEEE/CVF Conference on Computer Vision and Pattern Recognition.
Los Alamitos, CA: IEEE Computer Society, 2018: 4510-4520.
BELLO I, ZOPH B, VASUDEVAN V, et al. Neural optimizer
search with reinforcement learning [J]. Proceedings of Machine
Learning Research, 2017, 70: 459-468.
BRADEN B. The surveyor's area formula [J].
1986, 17(4): 326-337.

Petrology of sedimentary rocks [M].

The College
Mathematics Journal ,
BOGGS S Jr.
Cambridge: Cambridge University Press, 2009.

FRIEDMAN G M. Distinction between dune, beach, and river
[l

2nd ed.

sands from their textural characteristics Journal  of
Sedimentary Research, 1961, 31(4): 514-529.
KRUMBEIN W C. Size frequency distributions of sediments [J].
Journal of Sedimentary Research, 1934, 4(2): 65-77.

FEl KRB Jey . 5 2 R B2 0 T 7 35 SY/T 5434-2018([S]. It
A ATl R, 2018,

National Energy Administration. Analysis method for particle size

of clastic rocks: SY/T 5434-2018 [S]. Beijing: Petroleum
Industry Press, 2018.
R BT ek AL BA . OB ()R BE 0 B I ML e

A BT AL, 1978,

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

Chengdu College of Geology, Northern Shaanxi Team. Grain size

analysis of sedimentary rocks (materials) and its application[ M ].

Beijing: Geological Publishing House, 1978.

LM, T, TR, 5. DUBURRLRE T rikaiR (1], &
M2 ERBL2AR) , 2019, 49(2) : 380-393.

YUAN Hongqi, WANG Lei, YU Yinghua, et al. Review of

sedimentary grain size analysis methods [J]. Journal of Jilin

University (Earth Science Edition), 2019, 49(2): 380-393.

AT, XUERL. A 4020 14 A A6 D B A 0L FH (M),
st B4 Tl AL, 1989.

YU Yongning, LIU Guoquan. Stereology: Principles and
applications of quantitative analysis of organizations[ M ]. Beijing:
Metallurgical Industry Press, 1989.

PR . W ORLEE 3BTRS B b B (D], A T
R, 1984, 12(4): 6-10.

LI Baoging. Grain size analysis of thin sections and
matrix”[J]. Coal Geology & Exploration, 1984, 12(4): 6-10.

FOLK R L, WARD W C. Brazos River bar [Texas]; a study in

“treatment of

the significance of grain size parameters [J]. Journal of
Sedimentary Research, 1957, 27(1): 3-26.
FOLK R L. Petrology of sedimentary rocks [M].
Hemphill Publishing Corporation, 1980: 182.

PRASHANTH V, NIMISHA R, LATHA M G. Image based shape

Austin:

characterization of granular materials and its effect on kinematics
of particle motion[J]. Granular Matter, 2018, 20(1): 1-19.
BRZ2AF, XU, XOBERR, A5 . JORLIE R B2 3155 b A DG B i A
PACIEIR[T]. Bl2AHoR 5 T, 2023, 23(23): 9991-9998.
CHEN Jizhou, LIU Wei, LIU Yuexin, et al. Optimal selection
algorithm of key points of corners for calculating particle roundness
[J]. Science Technology and Engineering, 2023, 23(23): 9991-
9998.

COX E P. A method of assigning numerical and percentage values
to the degree of roundness of sand grains [J]. Journal of
Paleontology, 1927, 1(3): 179-183.

WADELL
[J]. The Journal of Geology, 1932, 40(5): 443-451.

Ik, B, A, S ARUROE A R AR S B Oy
ARSI ], A ERRE (BORREE) , 2023, 53(11): 1847-1870.
SU Dong, FAN Meng, WANG Xiang, et al.

H. Volume, shape, and roundness of rock particles

Research on
morphological characterization and discrete element modeling of
irregular particles [J]. SCIENTIA SINICA Technologica, 2023,
53(11): 1847-1870.

TR . WURLRLAR Lo RDE AR RSORLAA L 7 2247 5% i (1) 225
JERFFELD ] BB BBURE, 2023.

YANG Deze. The effect of particle size ratio and particle shape on
the mechanical behavior of granular materials based on DEM[D J.
Wuhan: Wuhan University, 2023.

B R RE IR . A fL IR SS M AR AR A9 P E PR 2 Fr i« SY/IT
6103-2019[S]. dbst: Aith Tolk iRk, 2019.

National Energy Administration. Measurement of rock pore
structure-Method of image analysis: SY/T 6103-2019 [S].
Beijing: Petroleum Industry Press, 2019.

(%4 £ 1)



