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Abstract

The potential for marine shale gas resources in southern China is enormous, but the Xiangzhusi
Formation shale in the southwestern Sichuan region has generally experienced multiple tectonic
events, resulting in strong reservoir heterogeneity and a complex stress field, which constrain the
efficient development of shale gas. Geostress is a key factor controlling fracture development in
shale reservoirs, wellbore stability, and hydraulic fracturing efficiency. Existing studies mostly fo-
cus on geostress measurements at a single well or numerical simulations based on simplified mod-
els, lacking research on the coordinated evolution of stress fields based on high-precision three-
dimensional geological models and multiple tectonic constraints. This study takes the Xiangzhusi
Formation in the Jinshi area of southwestern Sichuan as the research object. Through systematic
rock mechanics testing and tectonic chronology analysis, combined with three-dimensional geolog-
ical modeling and finite element numerical simulation techniques, the objectives are to: 1) identify
the characteristics of rock mechanical parameters in the study area; 2) determine key tectonic pe-
riods and the magnitude and direction of paleo and present-day geostress; 3) establish a three-di-
mensional geomechanical model to simulate the evolution of multi-phase tectonic stress fields; 4)
clarify the distribution pattern of geostress fields and their controlling effect on shale gas produc-
tivity. The research results can provide scientific support for engineering decision-making in shale
gas exploration and development in the area.
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WEFCIX AL T DY N VG F 2 1) e A i R IE A . N RERAR AT AN H AR EAL, A VR E
TUE R IUE N, J8 TR - FEWIARITAR[8] [9]. BFFCX 2 H7 1 BN S22t Ll 010 22 T i 300 2
SREUAEIEE) . IS IO, TR AR 0 SRR A SO W 2, B MG AR 2 S LE B 4k RO
SRALGE I, R R, W RE B SRS iR T, RN ZE ST S E R
i, e ARG % SR 10].

R X ERE S A SRS, ZERHCR R EAT, 2 mrr=rd, WELEFEZOLA 1),
Kl 1(b))e XWAKEALR. b AATEm =2, MR R TR I 2% [11] . Hrb A6 2R 1) 306 7 J2 B e
K, e X LW R A R R S R . RUAE R RN 1A A, R )3 B T Sk
JRiAF[12]

2.2. EHR

W B OER WS, BT 6~8 NEAVEXI UM R IUE N, 02 RIRBLERLE K
Or AT AR B HEREE 8 /NE UL - MU O T, A, KA LEDORL, R EER Y, fLER
ARG FEE 7 NERGAAKR, MR ERESH R LSUR R, R Y& B, Mtk
5, TRONHN R AETURIA BT IREREE 6 ANEATRIMIR G B, BERBCE, KT rATREHS,
B JXFPIE AL S T U BE B S, D EE WA R, e 7 ONEERTFOK IR
BRI ARG . A PERHAE Al B R (L 2) Bea AR IR (LR 3) LML, Gl o B R A iy
(AL E 1),
3. REFFEENEMRHE
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Figure 1. (a) Drill location map of the Qiongzhusi formation in the southern Sichuan region, (b) Structural
map of the bottom boundary of the 7 sub-layers of the Qiongzhusi formation in the Jinshi area
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(a)3243.75m, 8 /N2, KL - FLM P AT, 5x; (b)3258.50m, 8 /NZ, Kigk LIAH - FLMP AT, 10%; () 3243.75
m, 8/NE, KU - HR RPN, 20%; (d) 327217 m, 7/NZE, BIUMKRS AT, 25%; (e) 3283.64m, 7 /MNE,
R LAAN - FR RPN A2, 10%; () 3277.30m, 7 /82, R UKIMEP NI, 10x; (g)3265.15m, 6 /NZ, RigkLigl -
HBEANE, 10x; (h)3272.17m, 6 /NZ, R LUHMEN AT 2.5%; (i)3272.17m, 6 /M=, R LAgl - fmab A E
20%.

Figure 2. Lithological characteristics of the giongzhu temple formation
2. SRPFEE M FHE

&0 6HF J 3241.44 m AbFE fhbihi o LA B B K ME 12.66 MPa, %A E N 8 /NZBETUE, R
=, MMBEARE (K 1); 3270.12 m LbFf S bih#EE L 0.24 MPa, %M E 7 /NELUERE, FIEME
4, HOCREVERIE . BUhsR I AR AR T R M T T AT X DU O S MR ) A R A T E S, JROK
JIEZEI R PRS2 R B A
3.2. ZHESEAE

S AT X AN EEBE A, 7F 0.05~0.23 2 [, e pk b 52800 H B R BE 30 Moo /N . Bk s A
B IAAA O TR R AR S IR LU BB MK o X SR BB A PRI 0, 25 A0 12 52 717 B 00 1] J2 K (A ) 278 (9
RE k55, MEtERgoR. sk E L IEREK, M 12.76 GPa | 46.83 GPa. SR LI B —EULk 2%
Fo HUMERLE A S R SR BRARIRE IREE ZE R AR, RIS R F B A AR A
SRS R, R Al R S (UL 2).
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Figure 3. Lithology columnar diagram of jinye 6HF giongzhu temple group
[ 3. €71 6HF IMTTFLE A MR E

Table 1. Experimental analysis results of rock tensile strength
1. AEAMAEEXB ISR

WS R R em o sk 0 e REH SR
ZS-4 1 WI6HF 32727 BEMpURISRENR 2374 252 5.44 5.79
75-6 2 &U16HF  3270.12  BAhpTRIREENK 2378 2.52 0.22 0.24
Zs-7 3 @I 6HF 328185  BEMPIfIREIK 2354 252 3.18 3.41
ZS-9 4 @I 6HF 328551  EMphuREIME 2354 2522 2.29 2.46
ZS-14 6 @I 6HF 325192  MEMpfLREI 2368 2.524 6.94 7.39
Z5-15 5 WUU6HF 324144 HhHrhisRENNK 233 2522 11.69 12.66

DOI: 10.12677/ag.2026.165061 675 HOBRBL 2RI


https://doi.org/10.12677/ag.2026.165061

HHH, £

Table 2. Analysis results of elastic parameters from triaxial high-temperature and high-pressure rock mechanics experiments
on Jin Ye 6HF rock
F2. &T6HF FA=HSESEEANZEIWE SRS

FE G5 HRJE%Im EL /N SRR B (MPa) P58 (MPa)
zs-1 3248.23 0.23 12.76 91.21
zs-2 3255.52 0.23 24.97 217.80
zs-3 3266 0.09 46.83 225.62
ZS-5 3279.1 0.09 20.09 214.06
zs-8 3283.74 0.08 26.87 261.47
zs-11 3296.07 0.05 36.06 298.53
75-12 3296.07 0.07 32.83 274.41

U 6HF FEEEATFALIUA 10 = SEI0 R U, Iy A PRI o 25 10 3 (e 22 o 1R AN B 22 (e 1A
»t*‘“ ZEICA A LR T b - Wi s PR S , RA B K ) R AT AR g
IE=pEpAEE 30 R

WIS S A ERRIE L R O BT RS X (R 1, %2 2, Kl 20 [&13), Wi 7 /NERD
QRKE, AREF RS ER, SRR, PURRE S, JRE e, fErhmit; 8 NEmeb &=,
NEESHRE, 6 NER LS R, B, SRR AR,

33 FARHIE

RS Kaiser 2808 S50 @ i ) 5 O AEAN [F) 7 ) b D7 S e KR g, AT LA R4 W b R 7 6 7 1
Kaiser s 8 7748 i i 17 ) JE AL 30 A e KK 32 7 1 77 1) o

T 9T X g R 5 3# 100/163 1E 90° /7 [ f) Kaiser s 8 )18 £ 51 (22.52 MPa), FB1i% s 14 Kk
R 77 R AT REREUN 90°T7 ). A 7 8/162 [EIFELE 90°J7 [H] 1) Kaiser mi M /) {H % 51(25.61 MPa), [F]
REFR R B AR R )7 AT RS R 90° A7 [A(NLFE 3). T ANRE S (1 — B 45 Bk, 7 % X e KK P 807
T3 IR ZR P ) AR, 3X 5 X I B 135 1 SO A

Table 3. Test result data table of triaxial stress values of underground samples from Qiongzhu temple formation in Jinshi area

F 3. EAMXBHFEF THRZEANDEMMNKEREER

L kaiser 113 71{f(MPa) Bk BN BKHU BRSNS SRR
i 0° 45 900 @y EMJIIMPa ERIJjMPa (MPa/100) (MP&/100)
1# 3252.21 20.49 19.44 2252 74.8 74.99 55.93 2.306 1.812

2# 3286.29 2156 2244 2561 81.3 4517 25.07 2.592 1.980

RS Kaiser 505 52 56 Il & 25 O AN [F] 7 W) ) Kaiser 18 A48, SEEL T MR F3 K/ INFI 7 ] R HE T
b gE /R

MR 77 1) Kaiser iR JAE 5 R 77 1)1 AL T B4 e KK 2 R 77 ), JF 7 X S8 5 i 7 90°
J7 11 H) Kaiser i MBS N i, 3R IHIZ XA B KK 32 N 77 AR ZR PG 1), 55 XSy B 3
FAHRF o
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MR KN R X ) 32 8 TG A 74.8~81.3 MPa,  fix K/KF 328 J1 3ty 45.17~74.99 MPa,
/KSR 6 LA 25.07~55.93 MPa, R /516 B B KA 2.592 MPa/100 m, /N9 1.812 MPa/100 m.

NPIRA SR M FES RIUNEE R IPIRE (o0 = ov > av), FEfh 28RN o0 > on > on I IEWT
ERPIRES, BRSNS 5 K PENMEEREEEAMHZEER, RUHFX N 3 A5 E1
e T

34. ENTEXW

K ZRRFATE T X 4 B ORE AT 7 HOR 3R, 4530 T SRR S N ) SRR bR
VANE NS S ANV P NGNS i Ve T S

[ 1 S 7756 Bl 65.50~75.07 MPa, e kK i 737E iy 68.64~73.84 MPa, /MK T3 177l
FEl 4 47.20~50.73 MPa, HEfk 57 RS Seib 4 w4, S0 1 Hh S A (0 oy e vk o 2 e S B
14 0.02254 MPa/m, e K /K387 4 2 5 LA 0.01676~0.02107 MPa/m,  Fe/ /K- 1S 786 5 Vi [ R
0.01490~0.01832 MPa/m, 7KV~ W 4 52 1) 22 S S i 1 A 9 X )3 45 e AR IR 2B TR AN B — 1k o B IX i
KK b S7 70 KT 1B MO g, 3 KT I/ NN A7, 33— 2B 380 T 0 90 X UK R B o 32 1)
FLPIRAS, 5 P R X XIAE 1 55— 8. W 4 b S A H 8 -

Table 4. Differential strain experimental measurement results
T4 ENTIHRMELER

B E: A IR ) HRNKCE LR 7
ov on/MPa on/MPa
B

KA B KA B JEE KA B

(MPa) (MPa/m) (MPa) (MPa/m) (MPa) (MPa/m)
S1 65.50 0.02254 73.84 0.02107 50.73 0.01832
S2 65.55 0.02254 72.59 0.01993 49.38 0.01710
S4 72.44 0.02254 69.04 0.01912 47.20 0.01728
S5 75.07 0.02254 68.64 0.01676 48.57 0.01490

4. 4 RER S R4 MR BEEREY
4.1 ZHEHRIRENE

FETF R M R AR, R Petrel BRI T8 BN E RS A X ST 4L =4
JRARAL . R CLAE G A S RS A A B I A . R I R A W R AR R R T AR A,
ZIE S AR RAUAR S ACTE R W E TS . HuZ PR AR S R o) T A B AT B, AR il =4
WA AA, PTHAE 50 m x 50 m, FE[AMFE 2 m, SRAM AP, 3L 45,663 1550, 140,991 MG, B
PEEBR R M P T s T TNE, AT TR (R YE. SR MEA N SHGEE. 1
i Bl 28 2 () R A SR MR I 2 — 4R A, A 350 o b i g 2 A A

4.2. SHAIEN NIHA AR FH

45 & 74T U-Pb B4 (224 +4.0Ma. 171.5+5.3 Ma) 5 X Ifyi& 15 5, EEEI SO0, ML), =540
FERA LA DUHAL A%, AR 4 5,
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Table 5. Boundary conditions for multi-stage constructed stress field simulation

5. SHMIEN DiIHEIL R &Mt

st mALR e ¥
e R— | n |
g OIS0 AR SO MR bR AN
- JEih - B AL A FEIE 200 MPa, 44T 50 MPa, BRI, - P
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4.3. HES N HIABEER

W =Y R S N R TCIAE (I ANSYS), BUE A 1122808 EYE, DLRBER IS IR ) 77 19 5K
INRIAFLR, R T Z R 15[ 13] .

AN A3 BB AL 25 AN 4 B, B4 JYBHF FH5 KK B fI7E 40~72 MPa, [ /738 EE7E
18~24 MPa; JS1 H# KKV R JI7E 40~75 MPa, N JJ58BE7E 18~23 MPa. /KPR KFRiJ). /M ERNT)
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F BV SN R EW [ W72 2K SR, K RRHY EW [T NE-SW 1A W72 2 267 iR/ fi o T
] 3 B AE AT 0.000450 % 0.000959 ], 7KF-fx /Iy F B AR { /- T-0.0000194 % 0.0000176 . [i], 7K
K F RS T-0.0000436 2 0.0000176 (7] [ 758 5 R stttk AR 52 AN 5] 75 ) B 25 R s, SR A000R
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Ve, FEREE) S VRO e, B L T

ML FT R/ s MG B BLA KK T 32 8 77(40~75 MPa) . J /KT 3577 (20~50 MPa) 15 74 4 4 5
1:(45.17~74.99 MPa, 25.07~55.93 MPa). #5745 52 :(68.64~73.84 MPa, 47.20~50.73 MPa)4: - & £ W) &,
RZELE 10%LAH
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Figure 4. Current stress field simulation map
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(L R AE B B0AIE 1 4 B 3 (R A 5%
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