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Abstract

Natural fractures are well developed in the Wufeng-Longmaxi Formation shale reservoirs in the Zu
201 well block, western Chongqing, Sichuan Basin. However, these fractures are characterized by
small scale and strong heterogeneity, making them difficult to identify effectively using conventional
post-stack seismic attributes. The wide-azimuth pre-stack amplitude variation with azimuth (AVAZ)
technique utilizes fracture-induced seismic anisotropy responses to quantitatively predict the devel-
opment intensity and dominant orientation of small-scale fractures. In this study, based on wide-azi-
muth 3D seismic data from the Zu 201 well block, the study area was divided into three geological sub-
regions according to spatial differences in burial depth, structural characteristics, and fracture devel-
opment degree. Offset-azimuth stacking templates were optimally selected for each sub-region, and
the ellipse fitting method was employed to extract anisotropy intensity and fracture azimuth on
a point-by-point basis. The prediction results reveal a stepped distribution pattern of fracture inten-
sity from west to east, characterized as “weak - strongest - relatively strong,” with the dominant frac-
ture orientation trending NE-SW. Validation against electrical imaging logging fracture interpretation
results shows that the predicted fracture azimuths are highly consistent with the fracture rose dia-
grams from well logging, confirming the reliability and effectiveness of the AVAZ technique in predict-
ing small-scale fractures in shale reservoirs.
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Figure 1. Structural location (a) and extent (b) of the study area. (a) Structural Position of the
Zu 201 Block in the Western Chongqing Region; (b) Extent of the research area
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Figure 2. Photo of fracture characteristics of shale core in Wufeng-Longmaxi Formation
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Figure 3. Schematic diagram of P-wave azimuthal anisotropy propagation in HTI media. (a) Physical model of
HTI media; (b) Top view of azimuth definition; (c) AVAZ ellipse fitting of P-wave; (d) Riiger reflection coefficient
equation
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Figure 4. Pre-stack seismic fracture prediction zonation (a) and schematic of the zonal stacking template (b). (a)
Pre-stack seismic fracture prediction zonation; (b) Anisotropic fracture calculation boundary with partitioned stack-
ing templates
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Figure 5. Amplitude slice
5. #RIEYI A

DOI: 10.12677/ag.2026.1611138 1569 HERBL S H


https://doi.org/10.12677/ag.2026.1611138

VREEZE, SNk

FEFITH X S R MO S AR I T Mo, ASCIRIE IR . ISR IE RN 24 2 1 P2 1 25 )
ZE e, PRI R 5y 9 =AU 1 X 4), T RS R ik . =N XS B g i S =
PRI X3 A (FEETREE S M AHX) B ) ZHE7R 3400~3700 m, HuZ MM <5°, Wi mmes,
B T H R A R LU AR s X8 B (R L RHX) H B9 E R 3700~4200 m, HUZEHIf 5°~20°, 52 NE -
SW [a] X UK B R i, #IGE AR TR RIZY s X4 C CRERTH B 3 MR B 23K 3800~4300 m, Hb)Z
A 3°~12°, 2RI ZLTEMN o 43 [X 300 T A LA 1) 1 55 v 4 (L VAR AL TSR S5 2 ) R AR T S8 P P R AR
WERAE(E 4), TIRET XN T AR — FTF XA AHEZER.

PADX I, A S, JEE T b = AR AR - A7 SR AR A SR (] 5, 6), AR
b WA B A S, SIRIEY) A #R 5 h AR 5w B — 5, BRI G AR DG R8s =, W
AR, & XA B AR SN L 1.

S0k 50k S0k
& S $
H JELL Y
B . & & =
oLz ‘oz 7 BI0LT
(@) (b) ©
It I G
......... L @
o PR o . e
© )
o ¢ L3 . 4 o
: 2 # e e, % ; 3
L 1 '-..‘ i.:
L : . s
o T ,' ° F
‘o L o 5 v‘ﬂ
L S .."' . ........ e
(d) (e) ®

Figure 6. Preferred “offset-azimuth” Stacking template. (a) Stacking template a; (b) Stacking template b; (c)
Stacking template c; (d) Ellipse fitting effect a; (e) Ellipse fitting effect b; (f) Ellipse fitting effect ¢
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Table 1. Table of stacking template parameters for the three sub-regions
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Figure 7. Pre-stack fracture intensity prediction map of Wufeng Formation
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Figure 8. Pre-stack fracture prediction azimuth map of Wufeng Formation and wells Z1 and Z3-1. (a) Pre-stack frac-
ture prediction azimuth planar map of Wufeng Formation; (b) Azimuth map of Z1 and Z3-1 wells
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Figure 9. Rose diagram of pre-stack seismic ellipse fitting and electrical imaging logging fracture analysis for Well
Z1. (a) Rose diagram of pre-stack seismic ellipse fitting fracture analysis for Well Z1; (b) Rose diagram of fracture
analysis in Z1 well electrical imaging logging
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Table 2. Comparison of predicted fracture orientations with those from electrical imaging logging
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