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Abstract: Natural fractures are important reservoir spaces and seepage channels in continental shale reservoirs of the Bonan Subsag, Jiyang
Depression. The development characteristics and genetic mechanisms of these fractures directly affect the productivity of single wells.
Seismic interpretation, core and thin section observation, scanning electron microscopy, and X-ray diffraction (XRD) analysis were employed
to investigate the structural styles, development characteristics of natural fractures, main controlling factors, and the influence of effective
fractures on single-well productivity in the lower submember of the third member of the Shahejie Formation in the Bonan Subsag. The results
showed that natural fractures in the lower submember of the third member of the Shahejie Formation were classified by genesis into tectonic
fractures, diagenetic fractures, and hydrocarbon—generating overpressure fractures. Tectonic fractures were further subdivided based on
geological origin into shear fractures, tensile fractures, and bedding—slip fractures. The dominant type of natural fractures was the vertical
shear fractures (75°-90°). Overall, the fracture extension lengths were relatively short (5-10 c¢m), and tensile fractures exhibited slightly

larger apertures (0.5-1.0 mm). The fracture fillings were mainly calcite and asphalt, with a high proportion of shear fractures remaining
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unfilled. The main controlling factors of natural fracture formation included distance from faults, structural combination style, carbonate

mineral content, organic matter content, and lithofacies combination types. Natural fractures were more developed near faults, on the fault

hanging wall, and in fault=block structural combination styles. Carbonate mineral and organic matter contents were positively correlated with

the degree of natural fracture development. Natural fractures were relatively well developed in carbonate—rich shale facies and felsic shale

facies. Unfilled and partially filled high—angle shear fractures and tensile fractures were the effective fracture types that contributed most to

shale oil productivity, followed by unfilled bedding—slip fractures. This study helps deepen the understanding of the formation mechanisms of

natural fractures in eastern continental shale oil, providing an important basis for the exploration and development of fractured shale oil

reservoirs in the Bonan Subsag and the entire Jiyang Depression.

Keywords: Bonan Subsag; lower submember of third member of Shahejie Formation; continental shale; natural fracture; main controlling factors
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Fig. 2 Core photos of different types of natural fractures in lower submember of third member of Shahejie Formation in Bonan Subsag

2.1.2 RARFUEAHAFIE

HR 4 S8 4 JE 1K R/ o 448 7 Ry 4 P AN [R) S5 )
5% JH 2 T 0~<5 em, FEES T 5~<10 em, —K
5T 10~15 em, KZE KT 15 em, 7E5 DA MK
IRZBE T BT S S 4% 5 FE 20.2%, 4 HE 35.1%, h—
K48 5 FE 25.2%, K 8% 7 FE 19.5%; 5k 1 4% 4 4% 5 L
50.5%, H 4% i 10 27.6%, Hh—1 8% 5 1 10.3%, K48 i T
11.6% 5 I J2 5 48 35 R R 4 .

R 4l SR 4% T 38 A9 AT Y 1], 4 5448 98 & 434 <0.5 mm,

0.5~1.0 mm, >1.0 mm, B9 YJ454% 55 /N T 0.5 mm & [k
83.6%, 4& T A+ T 0.5~1.0 mm (5 It 4.2%, % 55 K T
1.0 mm /5 12.2%; 5K PS8 28 55 /N T 0.5 mm (5 1 6.8%,
H5EN T 0.5~1.0 mm 5 [ 78.2%, 48 55 K T 1.0 mm 5 L
15.0% ; i J2 g i 2% 5% 55 44 /N T 0.5 mm.,

B4 DL B A% AE ST/ T 0.5 mm ol E SR PESE
IRk ST T 0.5~1.0 mm N 3, 2 0 Wi 4E 1
R LA T B HPRAS  a e8/0N , Ul W ki AH DA R AR 24
4 SRR 25 030K, RARZLBE AR IE MK BEAN K sk PR 4%
(5% FEms 55 (K] 3a .81 3b) .



2026 4F

574 B, A% REAR VU AE)E ARSI S B IR R —— LA R v B v A 2 — BT W B R 45 FleE H3W
40 3519% SOL
35k 70
30 25.2% 601 50,50
< 25f < 50f
S 20.2% 0 g
S a0t o 19.5% S wb
st o 30f 27.6%
1or 20r 10.3% 11.6%
5 r 10 -
0 0
0~<5 5—<10 10~15 >15 0~<5  5-<I10 _ 10~I5 >15
B K fem SR PEAESE K fem
a 4K
83.6%
80 80
70+ 70+
60+ 60
2 78.2%
% 50+ < 50f 0
1 40f 2 40t
30} 4 gt
208 12.2% 201 15.0%
107 42% ok 68%
0 0
<0.5 0.5~1.0 >1.0 <0.5 0.5~1.0 >1.0
BIYI4E 4% B /mm SR PESELE T /mm
b4 5
80 80
70 + 70+
60 53.6% 60
< Sof © S0 458%
S 40t 2 40t
I 3ol 0 =N 31.3%
0, 0,
ol 20.0% 19.9% ok 19.2%
18 L 6.2% 13% 18 r 1.2% 2.5%
Jrfia AT Ve Jc Jrfes IR anE AL o
A RA
P4 TR L SR HEAE FEUF
e FTHGE AL

K3 iR Y = BT UI4E RIS NS BETE  SEE L

Fig.3 Length, width, and filling of shear fractures and tensile fractures in lower submember of third member of Shahejie Formation in

Bonan Subsag
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Fig. 5 Statistics of natural fracture trend from imaging logging in well YY 1-2 of lower submember of third member of Shahejie Formation in

Bonan Subsag
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