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Abstract: Lacustrine shales in the Sichuan Basin host abundant hydrocarbon resources totaling 6 X 102 m® (gas
equivalent) , predominantly as condensate reservoirs. Compared to marine shale gas reservoirs, these lacustrine shales
display distinctive lithofacies characteristics, elevated clay contents, and unique gas reservoir types, primarily
distributed in shallow to semi-deep lacustrine sedimentary environments of the Qianfoya/Lianggaoshan formations, as
well as the Dongyuemiao and Daanzhai members of the Ziliujing Formation, of the Jurassic. Presently, the Critical
development challenges include short production plateau, rapid decline rates, and low estimated ultimate recovery
(EUR) per well, undermining economic viability.. This study systematically analyzes three Jurassic lithofacies
assemblages and identifies critical fracturing constraints as follows. First, Strong heterogeneity arising from multi-
lithofacies combinations restricts fracture propagation and proppant transport, limiting the stimulated reservoir volume.
Second, the high clay content induces hydration swelling, impairing long-term fracture conductivity. Third, the
dynamic stress-seepage coupling in multi-scale, multi-porosity, multi-phase systems complicates hydrocarbon flow
mechanisms, highlighting inadequacies in current geoengineering models and numerical simulations. Essential research
priorities, thereby, include fracture network formation in highly heterogeneous shales, fluid-rock coupled pore-fracture

evolution incorporating spatiotemporal fluid distribution, and multi-phase flow modeling within complex porous media.
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Consequently, we propose an integrated “multi-lithofacies/multi-porosity/multi-scale/multi-phase” geoengineering

optimization framework (i.s., “modeling-fracturing-simulation” ) to establish a comprehensive “theory-technology-

demonstration” solution for economically viable shale resource development.

Key words: seepage, water-rock interaction, mechanism behind fracture formation, lithofacies assemblage, shale oil

and gas, Jurassic, Sichuan Basin
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Fig. 1

Comparison of homogeneity between the Jurassic lacustrine shales and the Silurian marine shales
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Fig. 2 Schematic diagram of three types of lithofacies associations in Jurassic shale, Sichuan Basin Explanation
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Table 1 Geological parameters of the Jurassic lacustrine shale oil and gas in the Sichuan Basin
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Table 2 Parameters of fracturing techniques and development history of the Jurassic lacustrine shales in the Sichuan Basin
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Fig. 3 Technical challenges in fracturing extraction of lacustrine

shale oil and gas

3.1 fEEMIERERFIER N

PRZ Z WA DUS DN Iy b A A, A )2
RBHEMOFERERK. FEHBREATLZE
LK =3 KA T K A s B LU BOUE AR TE BUR D
EHFNTE A BRI Z s REFEBOUE N b T 0UE &
FR A 58 BOE s kiR h o (K 2) o th Ta e )
S R N AR Bt g |, S EOK ) REE =AY A
ME AEHATUABR

PO RE S GE A R AR T, 52 26 X AR DA 2
BESEARY REFERE & L 2 DG R AR e R B (E
SN 4.2 m/min, 3 AH A Y 8. 7 m/min 2 FH AL T
48%. X —HHE R WIAH U 28 Y e SHAE
ZRE R, S RO, TR IR HE It T e AN
AR

FE PRSI 7 TH , H AR 0UA T 2R 1E S Bt
e R Le Y REAUA Frf it . BRI R R R4 Y e
MRS EERR, FEHR T 2R BB LR
HEEY AR BHAT, W RS R E
LA 228 DFEE T HEEA T WA Rock 3 A
PR ITIE AL R AN 7 S s @FE T AR LA o ) 4 1 B
Aot . Hor B8 5T )% 0 B Be HER 150 )
Yy AR B LA ) 2 7 VE AR SR A i 58 Y e )
U B ARk, BRI SE 00U A B 2Rl H LA R 3
BB R e T S SRS SR AR A
BRIC-ARE LB IE i & A IR c- s BOoci G A
PR 225y - WOt & 45O E

YR A BART 5 T A BROC- B BOTHE & ik, o
TEE R AR R AR 2 M DA 1952 2 RLAE Y R AUE AR
RI . BEREARRT, SUR th gk m A B 12 B/ 802 A
JZ2 ) ST, R SR o R R B W 245 5 e R E 4 L
AT BB . SR, T B X R RS
SUZE A E R BTk A BUE AU AR %
JEGN ) DR EUZ AR . TSR 22 A AHAL A Ua Y]
b SR - A IR B R ) B A 2 N
B2 155 A5 AL, LR EE AL 5 S 4T JR ML A BN &2
Ao DU ATY T o — 20 O e 52 J it J2 4 1 1) 2L 55 9 T
BUHBRIBTFE

TE T ARESE BT 1, WIAR DA N TR EE R A
Tt RO DU BN TR PR AR R SR R T
HUCERBOR I K o A BEM R IR 2 R, 32
o SR AR R S S A () 1 ) AR S, 2 ek 1
BARRI ST HERUE OO , T AL ME LA RO 2 e, 7™
R AR R R I S AR BUE B T R T
e Ao A R R 1] R SR P A 55 1) G LR 45
TR, T LA AR 35 r (] 5 2 AE AT ] Y AR
JE S R a32 2 R AT A FLFLIR BE B2 I, AH
PR BRI A AL D/ NLIR B SR A AR R )
LA T 2R s RS I R A R T B
ANl AR T2 R A AL R SR BRI Sk,
o IS R A AT b ] S B2 R 2GR 1Y
PE— AR

VR P BAHTIIE B T — 50K I 2R TR 2L
BLBETT P ) AL, I XS BE (R I ) T HRAE RN
TV BEAT TORTE . SR, WA DU L BORHIE T
5 2R = YR BB RIE A R B iR BB Z [ R )+
PUALHI SIS 2% | X (A% Gt — 48 ol If = 4 A 1
FIPERZBR . AT 4 M Il T+ B, 1E it — 25 W
ST IR GE W S 0 S S s L Y LA L, RROE AT
FH D v R0 SO N TR EE P B (1 4) ¢

3.2 BREEREETN

VU 3 R 2 28 WA AH e A 1) P S 2% A e
JRRH AR B 5 , S SO AE N 2 D R S5
2 1) 5 1 T A bR, % O G A R R 92 S R, SCHE R 7
B BE T BH A SN IR] , h s R s 52 R [RI, fif
JERRBEE LT , RRBUE R R . M3 BB SRR TS
W ARBH TR K b SRR B PR R 1) IS R R 52
BROEIS). PRI, DO Z PR 82 28 A SRR Bl e
JEAR kB B I A ORI N TR R AL

BIRTE BT s SR A2 23 SR 4% TAY 118 A5 i 6 LA



2032 £S5 KRR R %46 &

TR AE/107¢
500/10°¢

400/10°°
300/10°°
200/10°¢

100/10°°
0
-100/10°¢
-200/10°°
-300/10°¢
-400/10°°

= -6
0 500 1000 1500 2000 2500 S0

I 6] /s

4 TGO P R IIRE DU REE Y i 500 ET W IR 5 S
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Fig. 5 Limited proppant migration distance in low-viscosity slickwater in proppant transport experiments
a. 40/70 HATHERD + 2. 5 mPa-s 5 b. 40/70 HATHEAD + 15. 0 mPa-s B
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Fig. 6 Distribution of proppants with varying particle sizes in proppant transport experiments
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Fig. 7 Bar chart of proppant-filled area percentages in branch

fractures for different proppant sizes in transport experiments
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Fig. 8 Formation of dissolution pores and closure of hydration-induced fractures during the hydration process of lacustrine shales
a. KALHT(0Od) ;b KA1 d; e Kfk2d;d. Kfk4d; e Kfk6d; £ Kik8d
(PR o B 0 DX R R AN TR AR A IR T 1 AL At i f s B , 5 X R R RN [ R AR T R R85 0 5 AR )

Sl R AE/10°3

=1,

b

10.5
| - R E R %

._.
o
S

O
[
T

PERMALBR AR 0%
o2
‘\

o
(=}
T

~
~

=~
wn
J

=
=)

1 1 1
6 000 9 000 12 000 15 000

VB ] /s

L
0 3000

K9 AIEE LB b DIC SEmf i B o A2 5 FLBR AR B L L

Fig. 9 Spontaneous imbibition process and pore volume changes in artificial rock cores imbibition experiment based on digital image

correlation (DIC) method
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