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Abstract

The Luzhou area in the Sichuan Basin, as a key block for shale gas exploration and development in
southern Sichuan, exhibits widespread strong overpressure in the Wufeng-Longmaxi shale gas res-
ervoirs, with overpressure characteristics closely linked to high gas production. Previous studies
primarily focused on qualitative analysis of overpressure controls, but systematic research on the
multi-factor composite overpressure mechanisms and their quantitative contributions remains
lacking. This study integrates multiple methods to unravel the genetic mechanisms and evolution-
ary patterns of overpressure in the Luzhou area, providing scientific insights for shale gas accumu-
lation and preservation assessment. By combining well-log curves and Bowers plots, the overpres-
sure in the Luzhou area was identified as having a composite origin. Thin-section observations, ca-
thodoluminescence, microthermometry, and laser Raman spectroscopy of fracture veins revealed
methane inclusion entrapment pressures of 82.76~108.99 MPa. Combined with triaxial principal
stress data, tectonic compression overpressure contributions of 4.3~11.5 MPa were calculated us-
ing a tectonic compression overpressure model. Basin numerical modeling, constrained by drilling
data and key boundary parameters (e.g., organic matter maturity), reconstructed the burial-ther-
mal evolution history and pressure evolution history of the Wufeng-Longmaxi Formation. Compre-
hensive analysis suggests an overpressure evolution model characterized by “limited early accu-
mulation, sustained mid-late enrichment, and late-stage tectonic preservation” in the Luzhou area.
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Figure 1. Geological diagrams of the research area
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Figure 2. Current formation pressure coefficient contour map of the Wufeng formation-Longmaxi formation
in the Luzhou area
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Figure 3. Logging response characteristics of well L211
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Figure 4. Petrographic characteristics of Wufeng formation-Longmaxi formation samples in the Luzhou area
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Figure 5. Microscopic features of fluid inclusions in Wufeng formation-Longmaxi formation samples from the Luzhou area
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Figure 6. Box plot of homogenization temperature of two-phase saline fluid inclu-
sions in vein samples from Wufeng formation-longmaxi formation in well L211
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Figure 7. Laser Raman spectra of CHs inclusions in veins from key wells in the Luzhou area
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Table 1. Key Parameters and results for calculating the trapping pressure of CH4 inclusions in calcite veins from the Luzhou
area

= 1L MG REA kP RREEFHRENTEIRSHRER

e ‘Ji‘%’ﬁ’ﬁﬁ%ﬁ% I i@i?ﬁg iZRES
(cm™) (g/em?) (C) (MPa)
L211-1 2911.65 0.23 208 82.76
L211-2 2911.65 0.23 192 83.79
L211-3 2910.61 0.27 232 108.99
L211-4 2911.56 0.24 194 84.14

4.3. HERERE

JIRE 5 P IX 28 3 22 SR ISR S A B i, A AIE R I3 R 2% . IR Y - BN R, PipIIX
BB BALTHRTT R SR 5, Enscrh - B, SRAVIE T TGS NW RERESE RN Sy, 7RI
MBI e M o ke, ROk 2 — B 2ttt b [ AR AL AP P R 1 1G4 v 22 I A R ) K Ay
TR, VN F R ) R B te L 5 B AR T2 300 K o A B T 3 L3y, 1R i P L X 32 581 NW 7]
FeAE R, e Ll YR G 32 Bl 7 3 X g ek

ATANZE TAGIE R SR AT, ST 7 SERRHR S5 0F T A IE ST I 51 1 e (10 7 B v A 2R 151

Apzf(al—S) (13)

X, Ap WHBERT IR, MPa; ENFHRE, LEN: o WKFERAKFENT), MPa; SH EER
i, MPa.

T TUE VTR B A R, B TUA My BUis W B A 7w, TS EE ) 5 B
ST ) A T DA S RS DU BT B R B DI O S UUA L
AN INE, TS T2 00 AR s 2 3n, i TUE I aisiE R 2 B B . A RUE )
M 0 MPa F5] 40 MPa FE R, GUAS (M [m72E 5 TR T AN ECRE16] [17]. WX Togde - ot
PR ILA R KT 3500 m, T RS /33 KT 80 Mpa, - ELEE Y5 M 1 X B A H o o W0 52 B 7

DOI: 10.12677/ag.2025.155060 622 HOBRBL 2RI


https://doi.org/10.12677/ag.2025.155060

F SN 5

REER BRI, REETFTR/D. WK, JRlE N SR EE DL, PN BB UT iR E 2
A, R KT REURA LINTINES, DOV TIEA - DR TS BB AN R A, AT AUE s ik
. DI, RE RS S BUE N 1.

BT NRE Y PH 3 X T2 - e SR ANy 7 R EERITFT[18], I M X /K- de K 32 8 JJHE 94.5~114.7
MPa 2 [8], [ ERJI1E 89.8~109.1 MPa 2 [A]. F T A A#uds, FIH EIRTHEEEE RE R, WX i

BrIEIE I B 7E 4.3~11.5 MPa Z [A](% 2), @IETTHREZI1E 10%~20%2 1],

Table 2. Calculation results of structural compression overpressure contribution in the Luzhou area

% 2. MR A E R RO B AR

% b s =R (MPs) AT

VS STIN VS STUN e[
FhELMER I L201 101.1 87.2 94.4 6.7
TR 1202 114.7 93.8 108.4 6.3
— L203H57-3 102.6 89.7 95.5 7.1
1207 945 83.6 89.8 47
T e 1 Y101H4-4 112.6 98.7 103.6 9.0
Y101H53-3 111.8 95.5 106.5 5.3
FEAR Y101H56-1 115.8 100.0 106.7 9.1
Y101H65-5 106.4 942 102.1 43
P Y101H91-4 113.5 98.9 108.9 46
L210 113.8 98.4 109.1 4.7
ZHHIIE L204 1113 95.9 99.8 11.5

e BN A N B B E R, 2023 [18].

5. RIFERUEE

2 LB S S e AN S A LB A2 4 S B SR B BN 2R (% 3), A Basinmod {15
WA, S N X T A - e R AR I A s, SRR Y X Tl - e H R AL
HA UL — B IR BE AR B A M B, 5L RN 2 8 EIT6TE : ERR S R b, A HLR
FREERGEAL, TEZBHTRE, 2T MmP e R aRk, B AR eERT, 502
BT, ERONTERC IR, R R R R B BY, BARTHIREEAN K, SO 2R 5% 48 A R 52,
JERBOEEA R, HEERS, HWEEIVCANGEREE . 27T X A B B AR, I iTa S
FREE R B RURAE s FTVAGN S AT PR B - v i 5 80 2 - W SUI DR A LB 2 U1 8)
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Figure 8. Pressure evolution and shale gas accumulation-modification processes of the Wufeng formations-
Longmaxi formations in the Luzhou area
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