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Abstract: The development scale of natural fractures has a significant impact on the enrichment and preservation of
shale gas, and also plays a controlling role in reservoir stimulation volume. However, the characteristics of natural
fractures in the Qiongzhusi Formation and their influence on the enrichment and production of shale gas are still
unclear, which limit the fine evaluation of reservoirs and the selection of sweet spots. This study takes the organic-rich
shale reservoirs of the Qiongzhusi Formation in southern Sichuan as an example. Based on drilling and imaging
logging data, methods such as scanning electron microscopy (SEM), focused ion beam SEM, X-ray fluorescence
spectrometry, and whole-rock mineral X-ray diffraction were used to clarify the types and characteristics of natural
fractures, identify the controlling factors of natural fracture development in the area, and reveal the influence of
natural fractures on the enrichment and production of shale gas. The results study show that in the tectonically
deformed areas, the fractures in the Qiongzhusi Formation are mainly NEE-NWW trending shear fractures and S-N
tensile-shear fractures, with a small number of NE trending tensile fractures. In non-deformed areas, bedding fractures
and fluid overpressure fractures have mainly developed. The natural microfractures are mainly intergranular and
intragranular. The laminated, long, fine-grained siliceous siltstone shale has relatively developed fractures, while the
calcareous, pyrite, and tuff laminae affect the longitudinal extension of fractures. The fracture density increases with
an increase of brittle minerals such as quartz and feldspar, while the total organic carbon and clay minerals reduce the
fracture density. Overall, these characteristics are significantly different from those of the Longmaxi Formation.
Tectonic deformation and faults have a relatively weak influence on the development of fractures in the study area.
Bedding fractures, intra-layer microfractures, and other medium- and small-scale fractures are conducive to the
enrichment of shale gas, while cross-layer shear fractures at the bottom of the layer allow shale gas to escape.
Fractures with an inclination angle greater than 60°, NEE-NWW trending fractures, and shear and tensile-shear
fractures with an angle less than 30° to the direction of in situ stress are more likely to be activated after stimulation to
form complex fracture networks, have more connected gas-bearing layers, and have a significant contribution to the
productivity of shale gas.

southern Sichuan Basin; deep shale gas; fracture development

Key words: Qiongzhusi Formation

characteristics; fracture controlling factors; shale gas development

U s X 9 OS84T S 4 DORRE T
— B R R AR e A R A T A
A B U, SR Tzl JZ= A R B | A -
DURUARR Jr 52 2% | fL LR IR, 566477 < 21 1) T S 7
B AN K e B A, HAE T 10 4F 5y B 3ROT S il
R SBOR A, AR, R

CE A 55, 20215 S22 & %, 2023; ] B4, 2024) . 3
Aok, BfAE Mo BT RS 1R S TR RS, 1|
7 b FE IR R B AT S 41 LA R R O 8 kM
Ji&, 2022 4%, v AL ER TR Ab M XY JS103 S
Wt 7 3k 25.86x10° m¥/d, 52 B T 1| B 5 AT S 40
TUA S PR Y B R 5 W5 2023 4 AH 4% St T F A



% 3 4 ¥

B, E N EENFATEWEERARELFHA - 553 -

FRE Sb Hb XA BEBH 2 98 A4 0L 3 % 4 Sl 3R 1S
125.7x10* m’/d F1 82.6x10* m’/d Y /& 7 <3 5 [\ 3
I TR R R AR G B A BT 201 JF K
K 73.88x10° m'/d 19 e E 77 HE L X 46 B4R AR bR
BEERREMFHRE S, BA G0
U SR A 7 R, R R R e R A
B R VU 1| 4 DU SOF R BNZE R E R 1 CE
[A] 4, 2021; Ji] #E 5%, 2023; 5 /N, 2024) . Z H
W 2 — . R 2 B AR S s, KSR AR X TUA R
WM A EE A ERIAEN . AR S A
JERRMBERR T ol n e 5 RE; 2N
SLBEBE TN T DU K ALF A 25 18] 5 be, Y458 T8
BLAL 5 A BLAL, X5 0 s 4R s B A R 52
Wi s R AR AR HF T 00 6 )2 2 2% TR 24 4 I 11 TP
B, Y OR T R BEROR, AR T AR
(B TF4E, 2014; ZBE T, 2019; # it 5, 2019)

XTI TUA )R, MM REER kE
FRAE . 0 A B DL R A 1R 55 5 0 LA 2 3
FEAE 35 22 5, TR O HG SR AIE O 12 3 B RS 4 b A
JE AL . ETIE A U0 )R R R R BE I R AE T
BRI 4y Ry A UL 5 (a2 oA 2 28, AR T B
SRR BN @ NS S VR DS E ST R e
(i) 422 T B TR =5 0 O £ e L SO BRI BT L AR
A TR 5B DL R Fe o 4k 45 ) P S 36 R Ml 7R
WA CT SCRAE, 2011 XI55, 2019), BT £
RTINS, AT XTRLEER R AR KB PR
0 £l . 2 RE K FT ECRR AF 45 OC BE S B0 A0 b
( Ameen, 2016; Ibrahim et al., 2017; ¥ ¥ %5, 2024)
EFXTERAT IR AL R AR M BE 58, AT N F B R ET
S4B Ik X I SPRAE R 00 R e RN ) N T R B
XF U LB 25 4 08 st VR R CIR i s 25, 20235 42
I 2520245 51T BE 45 2025, {H R = X )11 B ML X
N SR AN T AL T RN RN
WF5E o 7E Mg - Je DB AW 5E o, © kLM 15
ER. B Aa Wi, 9 a k. ToC &
ORISR R R R R A R T R R FE (O
WA 2018 [H Y4, 2020; X 3% W% 4, 20250, X
S R N RO B T 1 R U it )R R AR A Bk
A58 T A, (H AR ) PR 52 B rp R LR AT <F 4 5 e
LEHA T AEMZERARRER, RIRERATE.
O LT & it S A HLT L BR & & R B oA KO
EhE 2 QER AT S 2 AL 1 R PR, 62 R B R,
W) 7K P R ) 22 (B B /N s QIR AT S 4 Ak o ok U 2

A ZWEPERRE, LR U5 S AR ZE ) R
DLRE 07 ) % Ak R i A DTk, i e IR AR
B Rk T 32 B A W R (R R A 20225 [ R4S
ML 0025 b tE A 2025) 3k B 25 R AE O i
BT TR A A 1 SRR ) Ay kg R
SR 2EMBRANELRAEHELL L ZHEER
A A X ) o X T b [ O A O i )2
RRMEEM IR EELE DI LG H-Te 5E A
(Li et al., 2024; Ma et al., 2024), T fft = XJ 55 47 5F
2R SR BLEE (I8 AL B K H X il 2 it 4 P g
W (g F 5, BRI BN AR MR T FHEINER
AWM . KK 8 XF oA SO B T I AL
BN WY ffy 45 G ) R

ASC UL F Al P — R A 2 AT < 2 A LT L
FBONFE R G, T A LR L BRUE AT
FR A S 45 22 PR ECE, BIER TR AR A Ry Y
H¥RE . @ AR BB (SEMD . REE FHRA
i F 455 (FIB-SEMD | X # 28 % St 6 3% {4 . XRD-4
EUYAT S SR =AU A L
B CTOC) & 5L 22 55 7 vk, WA M. AR5
TOC & & . SUZHFAE . 13 28 I8 5 W AL 4 4>
J5 T, DR A BT K SR 2L 4 A7 2 1 b 5T TR 3R O A At
THEBEEX, X TFA S B DR A A i
ERHRRNELRTESM., REITRRAR
QX | R R T S A T SR S LR T R S
B TE S — 25 TR AL K Bk 24 48 o 1 Y Ak U A T A i
J2 i B A U AR R RS e IO, R iz IX T
SRRSO S RO KRR AR S

1 RERE=

JU PG R XA T 4 AR P, BE Y1
Hb A8 3 VAL 28 T 2 A i as Bl (1 1-AD o L AR
W 1) ) A B e il 45 55 1 i 45 1] G 5 B R T )
BT R I — e 2 SRl R . VT s 3 R
1, M A 4 2 B T 5 1 VY A2 Bl 0 i M 22 )
Sl BB . ED SCaz Sl e 4, A~ DY 1] 2
U R ARG A b, A T A S B RS B, P
B e T AR G R U, R CRBETGUL )R
M 1 R (I 45, 20195 221645 2022) , 1L
iE I E U EE s 3, B e T de B
] 2R o T, RS DX PR R 4R T s B b,
I 2 M A X s B T (3 B A RITAE B, 2011,
e E P A2 B SRR SRl B BT R AR R, 3 TR



- 554 - B T A R CH SR B0

% 53 %

A (©) P e P E
) — PN i |GR/API ;ifi{ PTOC iy | 4 GR/API *“;{/ ‘)mocy% B/C)
B 0——400] 0—— 50| 0---8--5 | 0 — 50 0-——400}0 50{0---0oo2 510 ——90
______ @ {3250 X‘:} f
B L
z; Lr;;l PEREH w /| g paveis i E\ N L“!g
,’/"“\Ji ,/’,} ®—33on = P g S d
) €127/ ey = b
AN 2N J/ / p — Y
//’/// 2 \“:"’lﬂ}“‘ X (O] — % \ : ?
o P i - : H J
Voasion Y H H
/‘57/’;‘»/'/[’2 o L ® B . " i i
13350 .7 r g q P é
0 50 km ©) [ 'y : % E % 4
H { i .
i B o,
L | V‘( - g el
L [&
(B) e 3400 ‘ﬂ i
-+ i .
= — v i S
z N
§ Al @| 340 —
— .
@[3 =— (. 3 0-%’,::
. | s—— '/ :; ,.:%'.
2 — E %—%}‘
g I b #
H] - st
) {3550 */ .....
B @ ¢
6000 E
j X ' o ‘
104°20E 104°50'E [D3] . [t

== 7 s

Mt 570 HhiE AR R
Ul ARIXTER P EES0% 104 md

(=1 [] [ ]
Hi4 WEFEIX EiRbA JIE b AT KO

WL s IR

= =

IR REN0  KEeE RO RO KB RKEORWR KEOMR KEKR

E E R

Il
B,
g
b

b Tl Tl et Wb U

RO IREOKT KOG

ORI RO
Uiy b U Wb LS

B1 IREMENERBKTSFHESHEAERE
Fig. 1 Tectonic setting of the study area and integrated stratigraphic column of key wells in the Qiongzhusi Formation
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Fig. 3 Distribution map of fracture dip angle proportion and trend characteristics in the Qiongzhusi Formation
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Fig. 4 The filling characteristics of fractures in the Qiongzhusi Formation and the effectiveness features of fractures with different dip
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Fig. 5 Scanning electron microscopy (SEM) and focused ion beam SEM (FIB-SEM) development characteristics of microfractures in the
Qiongzhusi Formation, Sichuan Basin
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