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Fig. 1 Tectonic units of Subei Basin and location of sampling well
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Fig. 2 Composite column arsection in the second member of Funing Formationin of well QY1
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Table 1 Experimental data of well QY1

wB#Hi )/ wH I/ wi KA w B A/ w1/ w(ABEA) /) wCGESE)/ wHbT ¥ - LB w(TOO ' Ro/

% % % % % % % % % % %
QY1-1 3 807.25 36.31 24.41 2.72 8.62 3.34 13.51 3.10 7.99 2.06 0.94 1.06
QY1-2 3.820.69 43.99 19.94 1.81 10. 74 3.85 16. 64 3.03 - 1.57 2.36 0.97
QY1-3 3 829.36 40.99 26.25 1.83 11.07 10.51 6.43 2.92 - 2.27 1.75 1.09
QY14 3 835.76 5.24 10. 93 - 23.03 49.83 8.72 2.25 — 1.91 3.27 0.96
QY1-5 3 844.15 51.05 26.54 2.11 9.17 5.05 3.37 2.71 — 5.44 1. 60 1.07
QY1-6 3 .860.70 11.74 7.39 0.57 15. 14 52.94 8.62 3. 60 — 2.57 2.73 1.01
QY1-7 3.870. 10 39.27 21.52 2.28 18.11 10. 87 5.00 2.95 - 5.69 1.82 1.01
QY1-8 3 878.52 35.85 26.08 1.95 17.92 6.55 8.21 3.44 - 5.05 0. 65 1.11
QY1-9 3 897.32 23.93 19.00 1.74 11.45 17.32 21.73 2.02 2.81 4.45 0.41 1.08
QY1-10 3 906. 86 30. 64 20.92 2.23 14.74 16.01 13.46 2.00 — 3.06 0.51 1.09
QYI1-11 3923.23 33.09 27.01 2.52 16.02 12.90 6.32 2.14 - 3.68 0. 65 1.11
QY1-12 3938.97 31.08 20.04 2.41 10. 96 9.77 16. 40 1.70 7.64 4. 80 0. 66 0.94
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gk 1
Y RE m wFH )/ wfiAH)  wERKA/ w B/ w5 i) w(H s )/ wCEEEE) /) wHbT %)/ fLBE/ w(TOC)! Ro/
% % % % % % % % % % %

QY1-13 3 948.99 12.02 8.98 1.60 22.93 38.10 12.91 3.46 — 0.41 1.72 1.24
QY1-14 3 966.40 22.33 29.71 2. 60 15.32 6.23 21.90 1.91 — 3.98 1.39 1.06
QY1-15 3 976.62 28. 64 33.84 2.84 16. 30 6.53 3. 17 6. 64 2.04 4.69 1.03 1.10
QY1-16 3 985.93 21.58 21.45 1.57 18.72 20. 21 10. 84 5.63 - 1.95 1.57 0.88
QY1-17 3 995.68 27.67 19.95 2.08 13. 80 6.50 25.03 4,97 — 4. 80 1.35 0.89
QY1-18 4 005. 30 30.01 25.33 2.07 14.95 10. 50 13. 00 4. 14 - 3.70 0.83 1.04
QY1-19 4 014. 24 36. 30 26.33 2.36 14. 21 2.99 14.13 3.68 — 2.55 1.49 0. 88
QY1-20 4 034.90 16. 16 51.28 2.74 19.12 7.70 1.95 1.05 — 3.79 0. 30 1.19
QY1-21 4 043.72 28.82 26.90 1.71 32.80 5.66 1.51 2. 60 — 2.50 0.99 1.04

SE¥ME % 28.89 23.51 2.09 15.96 14.45 11.09 3. 14 5.12 3.38 1.33 1.04
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Table 2 Classification of reservoir spaces of shale oil reservoir in the second member of Funing Formation, Subei Basin
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Fig. 3 Classification diagram of diagenesis of well QY1 in study area
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Fig. 4 Characteristics of compaction effects of well QY1 in study area
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Fig. 5 Characteristics of cementation effects of well QY1 in study area
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Fig. 6 Characteristics of dissolution effects of well QY1 in study area
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Table 3 Statistical analysis of experimental data from thermal compression simulation

on proe structure volution in study area

M5 e ik /°C gz /°C J 71/ MPa EfLR/ %
a 25 — — 5.7
b 25 350 20 14.8
c 25 365 25 16.4
d 25 380 30 17.9
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Fig. 9 Evolution of reservoir spaces and pore-plane ratio under different temperatures in
study area
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Fig. 10 Pore evolution model of study area
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Fig. 11 Evolution model of reservoir spaces under diagenesis in study area

6 i

(ORI R B FEHRKERT Y R EHT WM L WA, TOC 5 8 H
1.33%,R, }0.88% ~1.24% ,fLERE -k 3.38%.

(2) B T B vt i AR 25 1Al o g 24 FALBR I R 26 4l o 802 4 R i 4 AR R SRS 10 N2, Hi,
Fue FEIDISUZEE A SE Sy F AL E R LR E ALY E .

() BB vUA it Z 40 T b A AL B B, 28 0 He S U kRS AS B A S AREE A AR T e B A
s RIS AR FH AT O BORE ] L W il LSS A R TREEE S AR .

COFE 0 W) 0] 5% R A SR (] L X 22 98 T e ) R R AV . B A b 2 B R AT A 4 25 )
H R ) 3 B O I Ak L R o B A A s 1) DL LA L B RCAE T B HLIL R B . BLALER
HEEPEZ WG M RTERZ N KRB

£ % 3k (References) :

(1] Tk BU%R 200w . 5. i AR IR 2 I URT AR DL S B4R T & - R 0 B0k L G B B R 0 5 R b R 2 1m0 B . il 5 R AR st
Ji,2020,41(4) :655-683.
MA Yongsheng, LI Maowen, CAI Xunyu, et al. Mechanisms and exploitation of deep marine petroleum accumulations in China: ad-
vances, technological bottlenecks and basic scientific problems[J]. Oil & Gas Geology, 2020,41(4) ;:655-683.

(2] ABARE . WEAAYT AR, S5, SUA M8 A K2 )], 479 241, 2020,41(1) < 1-12.
70U Caineng, PAN Songgi, JING Zhenhua, et al. Shale oil and gas revolution and its impact[ J]. Acta Petrolei Sinica, 2020,41(1):
1-12.

[3] =28, skl AUl 45, o [ 5 AR 5OA 2 28 B LT . A il 5 R AR U L 2023, 44(4) : 801-819.
JIN Zhijun, ZHANG Qian, ZHU Rukai, et al. Classification of lacustrine shale oil reservoirs in China and its significance[J]. Oil &
Gas Geology, 2023.44(4) :801-819.

(4] T M, X4k &, hE AR+ =107 R AR R SRR ] KRR T, 2021,41(8) :12-22.

« 109 -



B/ | A ST || I = S 49 4 2025 4E

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

GUO Xusheng, CAI Xunyu, LIU Jinlian, et al. Natural gas exploration progress of Sinopec during the 13th Five-Year Plan and pros-
pect forecast during the 14th Five-Year Plan[J]. Natural Gas Industry, 2021,41(8):12-22.
ARARE L BCHE AT B LA B DUR ST R R i ) B L], KRR Tk, 2021,41(1) 1 1-14.
7ZOU Caineng, ZHAO Qun, CONG Lianzhu, et al. Development progress, potential and prospect of shale gas in China[ J]. Natual
Gas Industry, 2021,41(1):1-14.
U.S. Energy Information Administration. Drilling productivity report: for key tight oil and shale gas regions[ R]. Washington, DC:
EIA Independent Statistics & Analysis, 2020:25-32.
e, RN A A TUA I M BTV H S50 07 2 BUIR VPR S R R T [T, A3l 2# 4% . 2023, 44(1) : 72-90.
HOU Lianhua, WU Songtao. JIANG Xiaohua, et al. Situation. challenge and future direction of experimental methods for geological
evaluation of shale oil[J]. Acta Petrolei Sinica, 2023,44(1):72-90.
EIA. Technically recoverable shale oil and shale gas resources: an assessment of 137 shale formations in 41 countries outside the Unit-
ed States[ R]. Washington. DC: U.S. Energy Information Administration, 2013:95-106.
o o TG AT SRS S i I AR R DA SR IT R O BEBOR R R R B Ty L], KRR Tk, 2023,43(6) :1-14.
HE Xipeng., HE Guisong, GAO Yuqiao, et al. Progress in and research direction of key technologies for normal-pressure shale gas ex-
ploration and development[J]. Natural Gas Industry, 2023,43(6) ;1-14.
AT A Bt L AR o AR DA 0 IO PP A BR O R TR L. A . 2023, 44(1) ( 28-44,
LI Ning, FENG Zhou, WU Hongliang, et al. New advances in methods and technologies for well logging evaluation of continental
shale oil in Chinal J]. Acta Petrolei Sinica, 2023,44(1) :28-44.
BRSO RN R A R A LT B S R A Y i 22 S % L TE TUA T A A g = SCT DL AR 59T &, 2020, 47(6)
1079-1089.
ZHAO Wenzhi, ZHU Rukai, HU Suyun, et al. Accumulation contribution differences between lacustrine organic-rich shales and
mudstones and their significance in shale oil evaluation[J]. Petroleum Exploration and Development, 2020,47(6):1079-1089.
RN RUABL. B AE b b v st SR A TUE OB 5K S48 & BOT LD, E A R . 2022, 27(5) 1 62-72.
WU Songtao, ZHU Rukai, LUO Zhong, et al. Laminar structure of typical continental shales and reservoir quality evaluation in cen-
tral-western basins in China[ J]. China Petroleum Exploration, 2022,27(5) :62-72.
FAKRE AR A DT A 38 7 S 28 R ) T SRR AE - DR B T S 0 D . il AR 5 R R, 2022,12(1) 1 181-191.
WANG Yongshi, TANG Dong. Geological characteristics of typical shale profile in a saline lacustrine rift basin: a case study of
Dongying Sag[J]. Reservoir Evaluation and Development, 2022,12(1):181-191.
B 2L B D R R B R R AE RO P 5 0 - LT DX TR A S L . i SOROTT M 5 F R 2022, 12(2)
285-291.
ZHAO Lan. Development characteristics of microfractures in tight sandstone reservoir and its influence on physical properties: a case
study of Shilijiahan Zone in Hangjinqi[J]. Petroleum Reservoir Evaluation and Development, 2022,12(2) :285-291.
B 5 XV RA L AF . RGBT A T B R A LS VA R IE S BURBERBE LT ], A1 S R M 5. 2020,42(4) :612-617.
DUAN Hongliang, LIU Shili, FU Qian. Characteristics and sedimentary environment of organic-rich shale in the second member of
Paleogene Funing Formation, Subei Basin[J]. Petroleum Geology & Experiment, 2020,42(4):612-617.
AT Az BB WL KRR T B PR A LML Bt A 0 Tl H R4, 1995 :44-59.,
HAO Shisheng, CHEN Zhangming. The formation and preservation of natural gas[ M]. Beijing: Petroleum Industry Press. 1995
44-59.
AW 2 58 TN B JE TR IR M AL S B0 U S R LY 1. I RO 5T & 2021, 11(4) :506-513.
DAI Bo, LI Erdang, WANG Xiaojun, et al. Evaluation of shale oil migration and accumulation rules based on geochemical parame-
ters of source rocks[J]. Petroleum Reservoir Evaluation and Development, 2021,11(4):506-513.
B FF AN AL A5 IR G A VR I T T AR AR DA i RSO BT AR AR R BRI D 0. Al R . 2023, 44(1) 1 176-187.
YUN Lu., HE Xipeng, HUA Caixia, et al. Accumulation characteristics and resource potential of Paleogene continental shale oil in
Qintong Sag of Subei Basin[J]. Acta Petrolei Sinica, 2023,44(1):176-187.
WREr A A R 55, %, oR b g e MR v O R R T B A A R R SRR T R ). A S8 3 B L 2021,
43(5) . 776-783.
YAO Hongsheng, ZAN Ling, GAO Yugiao, et al. Main controlling factors for the enrichment of shale oil and signficant discovery in second
member of Paleogene Fuling Formation, Qintong Sag, Subei Basin[]J]. Petroleum Geology &. Experiment, 2021,43(5):776-783.
A 5L IR A F A 0 AT B U R O R R T2 T B U Tl R AR R AR R ] A7 S S 5T 2020, 42(4) : 618-624.
ZAN Ling. Enrichment characteristics and main controlling factors of shale oil reservoir in the second member of Paleogene Funing

Formation. Beigang Subsag, Jinhu Sag, Subei Basin[]J]. Petroleum Geology &. Experiment, 2020,42(4) ;618-624.

110 -



56 1]

B BRSO IE R T IV B B U Tl )2 e R B AL B AL R

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

o TG A A S L PR AR L GE L Bl RO T IR TOC™ IR I & A R ORI+ L cIb 4 3t 38 T V1 B 17 2 B i S LT . il 0t
P 5 FF K .2024,14(5) . 678-687.

GAO Yuqiao, HE Xipeng, CHENG Xiong, et al. Discussion on high hydrocarbon generation elficiency of saline lacustrine source
rocks with low TOC: a case study of the second member of Funing Formation. Qintong Sag. Subei Basin[ ]J]. Petroleum Reservoir E-
valuation and Development, 2024,14(5) :678-687.

AT S 7 BTG AR5 PR I B T A B DU I T B I e AR R B s A L) ] T ORI 5 9 Kk L 2024, 14(5) 1 688-698.
YU Wenduan, GAO Yugiao, ZAN Ling, et al. Distribution of oil bearing and shale oil-rich strata in the second member of Funing
Formation in Qintong Sag[]J]. Petroleum Reservoir Evaluation and Development, 2024,14(5) :688-698.

T AR LA L AR TR L MR T TR BT A T B BUE I O IE A B S 0. i RO AN S5 IF 4, 2024,14(3) £ 364-372,

WANG Xin., HAN Jiangiang, ZAN Ling, et al. Logging evaluation of shale oil in the second member of Funing Formation of Qin-
tong Sag, Subei Basin[J]. Petroleum Reservoir Evaluation and Development, 2024,14(3):364-372.

WRLrA: R4 R S L 7 st R I B R B M B R A i s e O R R e SR LT . il SRR 5 kL 2023, 13(2)
141-151.

YAO Hongsheng, YUN Lu, ZAN Ling. et al. Development mode and practice of fault-block oriented shale oil well in the second
member of Funing Formation, Qintong Sag, Subei Basin[ J]. Petroleum Reservoir Evaluation and Development. 2023, 13(2):
141-151.

AR o s Be 5 TR A A5 BT DU O 3t 4 2 ) B R FE I 3R AR AL At 3 = 0 i)/ O L. Wi gl <O, 2025, 2:1857[2025-
02-207. https: //link. cnki. net/urlid/41. 1219.

XING Lele, DUAN Hongliang, DONG Zuhua, et al. Advantage reservoir space in continental shale and its controlling factors: a case study of
Paleogene in Subei Basin[J/OL]. Fault-Block Oil & Gas Field, 2025,2:1857[2025-02-20]. https: //link. cnki. net/urlid/41. 1219.
R0 X T T L AR BE L 4L SR 22 20 Al A 2 4 XA A A 7 Briar 2 B T Il B 2 TR AR ORI R R [/ OL]. Rk FL#
2025,6:1750[2025-01-15]. https: //link. cnki. net/ urlid/62. 1177.

XTIAO Ying, ZHAO Weiwei, LI Fukang. et al. Reservoir space characteristics and controlling factors of stratified shale oil in Chang
7 Member of Yanchang Formation, Yanan Areal J/OL]. Natural Gas Geoscience, 2025,6:1750[ 2025-01-15]. https: // link. cnki.
net/urlid/62. 1177.

Ji A . DURRRI R A F 28 5 249 SR T T A il o ST ML 3 43 A - AR 8 TUT R A v B oy O R 00 T A L B R T ). il A B SR i
#,2024,31(6) :18-32.

TENG Jianbin. Mechanism of interaction influence between sedimentation and diagenesis on quality of shale oil generation and stor-
age: a case study of Paleogene shale of Shahejie Formation in Niuzhuang Subsag of Dongying Sag[ J]. Petroleum Geology and Recov-
ery Efficiency, 2024,31(6):18-32.

FEWEDT, PRZER AT A Bl DT il it )2 AL B 45 ) R AR A5 I ML IF 90 o 8 e R BT 1. i AP 55 91 &, 2023, 13(1) £ 23-30.
WANG Xiaoming, CHEN Junbin, REN Dazhong. Research progress and prospect of pore structure representation and seepage law of
continental shale oil reservoir[J]. Petroleum Reservoir Evaluation and Development, 2023,13(1):23-30.

TG EEUE L B AF L IR At T R BT T B U I A S AR I B B B VPO AR MRS QYL RO I L T, Al SE g
Ji.2024,46(5) :916-926.

GAO Yugiao, CAI Xiao, XIA Wei, et al. Characteristics of reservoir space and sweet spot evaluation of shale oil in the second mem-
ber of Paleogene Funing Formation in Subei Basin: a case study of well QY1 in Qintong Sag[J]. Petroleum Geology &. Experiment,
2024,46(5):916-926.

Wit TR 5 L BRA 5 BloRE D0 ol A AL BT R U5 O PR A5 40 A7« A 250 b 2 bl v B TV B 46 b D i R OB A B A BT ). R
MR 2 4R . 2024, 48(6) :17-30.

CHEN Yang, YIN Nanxin, CHEN Cen, et al. Organic matter sources and depositional environment analysis of continental shale oil:
a case study of Paleogene second member in Funing Formation in the Huazhuang Area, Gaoyou Sag, Subei Basin[]J]. Journal of
Northeast Petroleum University, 2024,48(6) :17-30.

SRR BB SRR A TR AL A Hb R T U1 O AR R T 2 U i B s T AR R G e PR R L) D RO A A R R A D L 2024,
54(5):1482-1493.

CAI Xiao, XIA Wei, MA Xiaodong, et al. Storage spaces characteristics and influencing factors of shale oil reservoirs of Paleogene in
Funing Formation of Qintong Sag. Subei Basin[J]. Journal of Jilin University(Earth Science Edition) , 2024,54(5) :1482-1493.
EART, E 5 & R B, 5. AKX 7 BEI )2 B DU Ak 2 FL B S5 M AR AE K 4 R LT ], RAb A iR 224, 2025, 49(1) »
77-90.

FU Linpu, WANG Xixin, MA Shuwei, et al. Pore structure characteristics and main controlling factors of interbedded shale oil res-

ervoirs of Chang 7 Member in South Heshui Area[ J]. Journal of Northeast Petroleum University, 2025,49(1):77-90.

o 111 -



