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Fracture characteristics and evolution of Wufeng—Longmaxi
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Abstract: The deep shale gas in Luzhou in the southern Sichuan Basin is the focus of shale gas exploration at this stage.
The development of natural fractures has an important impact on shale gas enrichment, fracturing development and produc-
tivity. This paper explores the fracture characteristics, phases, formation and evolution of Wufeng—Longmaxi Formation
shale in Well Lu203 area with the data such as core, logging, inclusion homogenization temperature and conducting rock
acoustic emission experiments. The results show that the structural genesis of Wufeng—Longmaxi Formation shale is domi-
nated by shear fractures, with a few horizontal slip fractures and vertical tension fractures. The filling degree of the fractures
is high and the fillings are complicated. The shear fractures are characterized by the vertical and horizontal fractures and
short extension distances. Vertically, the fractures mainly develop in Wufeng Formation and the middle—upper parts of the
layers 2 and 4 of the Submember I of the first Member of Longmaxi Formation, and the vertical and horizontal fractures de-

velop at the bottom. Additionally, horizontal fractures mainly develop in the upward direction. Wufeng—Longmaxi Forma-
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tion shale fractures were formed during tectonic movement in three phases. In the first phase, tectonic fractures were formed
during the Indosinian movement(253.4-250.0 Ma) , which were mainly filled by calcite and pyrite. The inclusion homogeni-
zation temperature was 130.4-150.6 °C, and the tectonic stress was in the NNW-SSE (335"15°)direction,forming near—
NS— and NWW-—direction plane shear fractures and NEE~-direction section shear fractures. In the second phase, fractures
were formed in the late Yanshanian—early Himalayan (70.58-42.64 Ma). They were filled with calcite and had the inclu-
sion homogenization temperature of 194.8-210 °C. The tectonic stress was in the SEE-NWW direction (110°+5°) , which
formed NW - and NEE-direction plane shear fractures and NNE-direction section shear fractures and also strengthened
and reformed early fractures. The fractures of the third phase were formed in the middle to late Himalayan (42.64-0 Ma).
Most of them were mainly semi—filled or unfilled , and the inclusion homogenization temperature was 163.3-190 °C. The tec-

tonic stress in the NEE(75°+5°) direction formed NNE- and WE-direction plane fractures and NW—direction section frac-

tures. The structure became stabilized in this phase ,and early fractures underwent a superimposed transformation.
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Fig.1 Surface structure and comprehensive histogram of Well Lu203 area

AL TR BB, 2 PR B )1 3 R 2 T R
) EE X

2 REERERMIFAE

F 5T X 2 H BR B E ML 2 =& RATFK W 4
g, /5% By 1 e 4 — g Eh IR A R AN, PRI
F2 B B IR O RO I A A 28k K
AFRERA] 5T
21 HELZFEB

I 203 - X T U 2 — g i 21 L 3 TR
KO ERET R AR, a0 244 & B R i, AR A 1A
2E 5T LU i) i 4 5 A 4 2 KRR (E2) .

kA WS N TS — s N 1 &
WFEIX B0 244 L B R LADE S 25 5%
A 11T LR Y BN S HLA T 43 Sk 5 D) 4k (&
2a,2b,2c) Mok MEg% (& 2d, 2e,2f) , BTV)4% A+
B A B BT DG, Y\ ) LT,
YA RRE , V)G DU R, SRR v R
H7 4% BB 65.5% . A0 LT W AR T 2% 55 W
BT U8 AT HES L A N 13 T
Rue KRB INHIT AL — | 32 Z R 3 T B 52 K
FE R Sy ZZ AL 38 AN ] 7 1) 1 4 48 52 2UE %

WPR 4 A AEFRB A H B R o BY A% T T LA [
PR, DRy UI4E A E MR . BT EIET
JRy i DX 35 & B IR AR 5K W ) T R U IR A K 1 A L A7
FESEMRES AR =R AR A e e BE 85 4 A B
Y IURL O YRR B R AR L IR OT X R B AR
B, wREATEER TR E S kR
JZ TR0 Bl TB K S 0 2 1 B 4%, 3 5 T 2
T4 T SRR /0N 7 B A 52, 4 T LG, i L4
JRSOY BT, 2 Y e, SRS A
KA 2 Fh

BRE U TR 2 52 [ 45 A i A v
DA S WA P A VE Y i — R 9 2k, B ALHR IS
Dk |2 LSS H ) R AR AR 3 AR A phag 2
Ut BUA R, BUA W 04 5 Vs UKL A7 T AR
TG B, 7 Tl 48 KR L 2 o T A &
FEH, BEIR STy 10~30 mm , 3l 5 ORI &%
WA I (& 2h) o J2 BRSSO TR R LAY AR
FHE SR VIR RS A AL 3 R VR i 4
W H ) R E A PR, AN R [ 3% 3
5 R TUA B B e I A R L, B
o EAE Y & B A R PR, e B T IUA B 2R
BT A J 1 3 J S v R, B A DA Pk iR S
TE Y, X B VT 2 2 BT 4R 47 9k, TE B 4



2ok HS5H

X2 Bt A U )1 Z 3 R U 203 JF IX LA A — e Eh R 2H DU REERFIE SO i AL -31-

a—95 205 H,4 020.38~4 021.04 m, .48, R I ; b—35 211 H,4 927.68~4 927.97 m, H 4%, )7 kA1 2 T4 5 c—95 209 H:,
3759.65~3 759.85 m, i f1 5%, J7 A1 4 FH; d—3 206 1,4 053.43~4 053.68 m, FL 748, 5 A I & e—3 211 3,
4912.70~4 912.86 m, /K F24& , J7 R A7 KA 4 FE 4L 5 (— 3 206 1, 4 049.72~4 049.92 m, FL5K 5% , 1 5 4> 4L ; e— % 206 J,
4 .053.00~4 053.11 m, S = B 4%, J7 fif A7 45 FE 3 h—0 211 3,4 926.04~4 926.19 m, &1 4% , J5 fif 41 4 F 48
B2 F203#HXAIEE—EDRATESDRERFT
Fig.2  Core fractures of Wufeng—Longmaxi Formation shale in Well Lu203 area
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Fig.3  Fracture parameters for Wufeng—Longmaxi Formation shale in Well Lu203 area
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Fig.5 Longitudinal variations of fractures in Well Lu203 area
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Fig.9 Fracture development modes of Wufeng—Longmaxi Formation in Well Lu203 area
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