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Abstract The Lower Cambrian Qiongzhusi Formation in the Sichuan Basin exhibits significant shale gas resource potential,
with major exploration breakthroughs achieved in the Deyang-Anyue rift sag. However, the complex hydrocarbon accumulation
processes under multi-phase tectonic activities have constrained the optimization of shale gas enrichment zones and efficient
exploration and development. This study focuses on typical Qiongzhusi Formation shale gas reservoirs in the Zizhong-Weiyuan
area of the Deyang-Anyue Rift Sag. Through petrographic observations of fracture veins, fluid inclusion thermometry, laser
Raman analysis, and basin modeling, the evolutionary processes and differences in shale gas accumulation in the Zizhong-Wei-
yuan area were elucidated. Results reveal three distinct stages of fracture vein development in the Cambrian Qiongzhusi shale:
Stage I veins formed during the late Caledonian movement (ca.420~405 Ma), containing abundant primary bitumen inclusions
indicative of peak oil generation; Stage II veins developed during the Indosinian movement (ca.235~215 Ma), characterized by
both primary bitumen and methane inclusions reflecting high-to-over mature shale conditions; Stage III veins formed during
the Yanshanian—Himalayan reservoir preservation and adjustment stage, predominantly hosting primary methane inclusions.
The Weiyuan and Zizhong areas exhibit vein formation during the Late Cretaceous (ca.75~60 Ma) and Eocene (ca.45~35 Ma),
respectively. This may due to that the Weiyuan area is situated in the aulacogen margin, whereas the Zizhong area is located in
the inner zone of aulacogen. Therefore, the Weiyuan area began to uplift ~10 Ma before the Zizhong area during the Yanshannian
orogeny. Additionally, the Zizhong area benefits from superior basal sealing by the Maidiping Formation, forming an effective
gas containment system. Its location on the intra-sag slope belt features less developed faults and fractures compared to the Wei-
yuan anticlinal region. These combined factors contribute to the overall superior gas-bearing characteristics of the Qiongzhusi
Formation in the intra-sag Zizhong area relative to the sag-margin Weiyuan area.

Keywords Sichuan Basin; Deyang-Anyue rift trough; fluid inclusions; shale gas; accumulation evolution; Qiongzhusi Formation
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Fig. 1 (a) Thickness distribution of hydrocarbon source rock and typical well location of Qiongzhusi Formation in Sichuan

Basin; (b) thickness distribution of Maidiping Formation in Sichuan Basin; (¢) fracture distribution map developed in the

middle of the rift trough
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Fig.2 The east-west stratigraphic correlation well diagram of Qiongzhusi Formation
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Table 1 Sample information of shale fracture veins in Well Z201 and Well WY1H

Fine2 RIE /m 2 i FERI Y
447434 HATSFAH 7201-1 FaE
4482.72 HATSFLH 7201-2 FaE o
4482.72 AT 7201-3 7 iRAT
4483 .81 AT 7201-4 VaE
4608.40 AR Z201-5 Iy ffAr
4741.73 A 7201-6 Jr A

7201 4741.73 HASpAd 7201-7 A
4741.73 HATSFH 7201-8 Trifa . A
4758.30 HATSFH 7201-9 VAR
4767.26 AR 7201-10 FaE ¥
4795.06 ATl 7201-11 Vo
4795.06 ATl 7201-12 AP
4892.35 AR 7201-13 IR A
4471.49 HATSFA WYIH-1 FaE o

WYIH 4472.60 AT WYI1H-2 iR . A
4473.00 E R WY1H-3 I A
447581 HATFA WYI1H-4 FaE
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Table 2 Simulation parameters of Well Z201 and Well WY1H
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Fig. 4 Characteristics of shale fracture veins in Qiongzhusi Formation

HRE) & R AARTE 20 (] 5). 40 Z201 244 kA rha] I,
D7 I BT M i Tl o ioh, Bk &
BLOMATAEZLGERE WA, T 9% 3 AR TE kA o,
PRI A eV B A RE N R AR A K, B
BRI 0, A7 S A 45 T IR I Tk kA
HE A R R R P RIE R, R
A DR AR 8 43 0 o A4 BE N ) sk
A (Bl Se~e), WE LT ZFEBIEA 55 —Fh R
PR 7 fif A T A S RE N 1) R A K, R A K

A7 /A7 TR A () 244 23 8] (8] Sd~g), A /A
BOTE R TR e T 05 A o DR, Z48% 5 A kRTS8 5%
P F VUG 2 4 1 22 30R i FIA AR eds VE
3.2 BERMEREEREEEFERBS R S 45T
PP HLIX 2201 FEERAT 2 T S Ak KA AR 1Y T
REEAAE FE PP R, Fhe—ik
TP ZEAAR . I Wi B, T B — S A
Pt B AR5 Br—3h K S IR A A, = F AR |



466 AimEREER 20254F 06 H 55 10 555 3 1

BAMACR, AR R R RS REREY . SR B be—Eh K S
WA/, HAENT 2~10 pm, HEGEEREBESUNE .  MHEEERSHEXRR, HE>10 um, fEHNTREE
AFI 20 R (E 6a~b), BLR A SR, BB, ARSI, R a ks —R

HAWERDZR R PRIEZARE. Wi aEdk  EIRL R (& 7), 2201 F0sdn i ia S5 a
R ZER . AFAR N (Bl 60~d), HARA, e 4 MRl SR AR — R B 434 T 117.4~221.6 °C

200 pm

.Q&\‘\N\‘j - 7,

(a) MR FTRAN. HHY NAERTENE SR, 2201 7, 4741.73 m, SMF4AH, BRE; (b) HEFRARK, 2201 F, 17
F4H, 4608.40 m, 2R)Y; (c) ERAFMEE FBRATENE S, WYTHH, BF4A, 4483.81 m, £w; (d) E&AFHE
mABATENESEKA, WYTHH, SHAFA, 4473 m, 2@ ; (e) HEBAXIEE AR A TEESHE, WYIHH, |HF
48, 4475.81 m, BRYE; () HEORFERTBOTESSKE, WYTHFH, 54, 4475.81 m, BRE L ; (9) A& G FF0
HEARATENE S, WYTHH, I[HFH, 447149 m, BR¥E; (h) DROEFER AR A TENESIKA, WYTHH,
AR, 4471.49 m, FBARA S

B 5 IEITFATE RERET YR HE

Fig. 5 Mineralogical characteristics of shale fracture veins in Qiongzhusi Formation
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Fig. 6 Microscopic characteristics of fluid inclusions in shale fracture veins of the Qiongzhusi Formation
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Fig.7 Homogeneous temperature histogram of fluid inclusion combination of shale fracture veins in the Qiongzhusi Formation
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Fig. 8 Laser Raman spectrum of fluid inclusions in shale fractures of the Qiongzhusi Formation
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Fig. 9 The maturity evolution history of typical wells in the study area
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