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Abstract: Continental mixed shale reservoirs commonly exhibit complex pore - fracture architectures and strong heterogeneity, which are
key geological factors restricting sweet—spot prediction and efficient shale—oil development. To clarify reservoir—space types, pore — fracture
system architecture, and their main controlling factors in mixed shale, this study focuses on the Permian Fengcheng Formation in the Mahu
Sag, Junggar Basin, and integrates core observation, thin—section analysis, microscopic characterization, low—temperature N, adsorption, and
high—pressure mercury intrusion to conduct a comprehensive characterization of the reservoir space system and an analysis of its controlling
factors. Results show that the reservoir space system is dominated by inorganic pores, organic matter pores, and microfractures. Inorganic
pores include intergranular pores, intragranular dissolution pores, and intercrystalline pores, among which intergranular pores are dominant

and mainly occur between felsic mineral grains. Microfractures are primarily bedding—parallel fractures and tectonic microfractures, with
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apertures predominantly in the 10 - 30pm range, and they contribute significantly to pore — microfracture connectivity and seepage capacity.

Full-scale pore characterization indicates a distinct bimodal pore size distribution (<100 nm and >2000 nm), and an average total pore

volume of about 0.0085 cm®/g. Reservoir quality varies systematically among lithofacies, generally following the order: felsic shale > mixed

shale > clay—rich shale. Mineral composition and lamination collectively exert strong controls on the pore - fracture system, mainly through

pore enhancement by dissolution, pore reduction by cementation, and fracture promotion by brittleness: dissolution of quartz and plagioclase

generates secondary pores; intercrystalline pores associated with clay minerals contribute substantially to micropore volume; whereas

carbonate cementation reduces pore—throat connectivity but may facilitate fracture development under tectonic stress. Interbedded felsic -

mixed laminae promote the development of bedding—parallel fractures, and organo - inorganic complexes within clay-rich laminae enhance

pore—network connectivity. Overall, pore - fracture coupling is a key mechanism governing reservoir effectiveness and heterogeneity, and

provides an important basis for constructing reservoir evaluation schemes and optimizing sweet—spot intervals in continental mixed shale oil

systems.

Keywords: reservoir space; development characteristics; controlling factors; mixed shale; Fengcheng Formation; Mahu Sag
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Fig. 1 Structural setting of the Mahu Sag and stratigraphic characteristics of the Fengcheng Formation
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Fig. 2 Mineral content map of Fengcheng formation in Mahu Sag
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Fig. 3 Reservoir space types of the Fengcheng Formation in the Mahu Sag
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Fig. 4 Fracture types of the Fengcheng Formation in the Mahu Sag
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Fig. 5 Microfracture filling degree and aperture distribution
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Fig. 6 Capillary pressure curves of mixed shale in the Fengcheng Formation, Mahu Sag
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Fig. 7 Low-temperature N» adsorption - desorption isotherms of mixed shale in the Fengcheng Formation, Mahu Sag

43 RS HKERIE

IR GUA g2 LB -2 R G L A Z R
JEPE LR KRB B IOK ROBE AR 40 A o 1 H Atk
FTFLBRZE AL FRAE Y AN [ S 50 6] 0 FL BRI 3 e A
— B I BRI, B S0 Ty i M D S P 4 RUEE LRSS R 1Y
SEREFRAL o PR AS SCHK G e e e SR R LA B P9 7
Xof T2 18] 10T DRk L T AR LA i S FL -4 R G il AT A AL
TRRAE . 25 IR FLER 53 A AR rp , FLAR 222
I3 AT AE<100 nm F1>2000 nm P54 FE N, 15 78 il 46 25 1]
FELAGRAL NFLAERAE ) 320 T, <100 nm U4 (E
BB RS 4 S 1L A AL L B A3 ] L 55
2K LB BT 5 T >2000 nm F WA B B ] BE F e i !
HE (N2 PRAE A TS ) R KR EE B AL, DA T A B
fL-8E R G0 4 REFFE

AR A ABTE A LAR 5 A1 e b ARV RAAEAE 7R ] S
25 IRGTRTUA KDY BRIREL T Y FokE + 5~
YIALIR & B AL IR A A R B % W R £

g B IR AIE 3 KD 5 0 LA<100 nm Fl/N—rp FLB STk AL
FaRE R T 0T <100 nm W6 (5 48 , 25 J55 R 3 50 2 1)
AR I TR N 17 R Ko A 55, (H B A DG BE A X R . b
25 5 KW RN TR A AR B LR G540 2 1 W 41 A FnfL—24%
RGP, OF i — 2L i R AR e e ) S R
XFFLAR 43 A 2R A RS B0 FL AR 53 A R AE , 218 1
B U A 02 S FLAAR B3 A1 7E 0.0028 ¢m*/g~0.0125 em®/
g2 [8], M 0.0085 em*/g (K 8) .

AIRLF AR 2 LB AR BRI ) ]S FLBR 5 oA 7
K25 (F 8b) , Bt R Rl AHAE i 4R 25 i) k& 7 X
FFL-4E 20 A 4RAF LB 00 5 . KB vl LR B
15, 4 0.0125cm’g, fif 8 25 (B AR B 3 B LAGSAL /N L BT
ik, H 5 0 M 39.6% F147.5% , FLIE£3% F FH 0 249 465 5
TRA B M ALARTR R 0.0118em’g, THFL AR 4% 5 L
I35 27.53% F1 37.11%, FLH FL AN KL (1) B A7) AH T
o PR S 22 RUBE LIRS 24 4 L R) & 3 O RRAE 5 K e
B FLRFR 0.0116 emg, fFL A A 63.9% , LK 2
FLBRAAR R 3=, 7838 PR A O A2 B 5 25 0 0 LIRS



XXXX 4E
EXXE XX

EARAR, S5 I B — B AR TR AR U A s ) R ST R RHIE SR TR 3R

0. 02354

a

L BERER e KR
o RAKSE
o Bt i
— 0. 0204 ® nIATLE
B ® A U
E
=
T 0. 015
h:-;i
20, 010
=
=
=
0. 0054
0. 000

1 10

100 1000

L (nm)
e, LA IRZE s b, ARV AR R FLBRFLARL 5

10000 100000 100000

&

WTIHJ{QJELWLIEIJL1¢'E1|5[Lt

b Bl #4d O3 A fL Bl PAL

T

(= I I o R 4314

604

10

304

104

al

[ TR T S P

ol

TS

i

£ WL B I UL

0

Tl 0L

P18 B M RE KU ZH TR AL U 4 fLAR 23 B LR R AR ik

Fig. 8 Full-pore—size distribution and pore—volume composition characteristics of mixed shale in the Fengcheng Formation, Mahu Sag
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