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Tectonic Stress Distribution and Its Effects on Fracture Development in the
Jurassic-Cretaceous Succession of the Kuqa Foreland Area, Tarim Basin

Abstract: [Objective] The clastic reservoirs in the Kuqa Depression are generally tight, making the development of
tectonic fractures crucial for identifying high-quality reservoirs and understanding hydrocarbon enrichment patterns.
However, controlled by a complex tectonic stress environment, fracture development exhibits strong heterogeneity.
[Methods] Targeting the Cretaceous Bashijiqike Formation in the Kelasu structural belt and the Jurassic Ahe
Formation in the Dibei area, this study comprehensively utilizes structural analysis, stress field numerical simulation,
and quantitative fracture characterization to investigate the distribution of tectonic stress and its controlling effects
on fractures. [Results] The results indicate that the macroscopic stress field can be divided into three zones: the
northern detachment-release zone, the central fault-fold concentration zone, and the southern tectonic confined-
compressional zone. The stress heterogeneity within each zone is jointly controlled by fault assemblages, fold

deformation, and the detachment of evaporite layers. This stress zonation significantly dictates fracture development:
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the northern detachment-release zone is dominated by low-density hinge-orthogonal and oblique fractures; the central
fault-fold concentration zone features widely developed fractures with complex attitudes; and the southern tectonic
confined-compressional zone is characterized by E-W segmented hinge-parallel fractures. This spatial distribution
reflects a genetic transition of fractures from north to south, shifting from strike-slip accommodation and local fault-
related origins to fold deformation-related origins. Furthermore, structural styles within a single stress zone play a
critical role in regulating local stress differentiation and fracture development. Fractures are most developed with
optimal connectivity in back-thrust structures, followed by imbricate structures, while opposed-thrust structures
exhibit the least developed fractures with poor effectiveness. [Conclusions] This study reveals the vital controlling
role of tectonic stress on fracture development and hydrocarbon enrichment. [Significance] This can provide
theoretical support and practical references for reservoir evaluation and hydrocarbon accumulation in complex stress
areas of foreland basins.
Keywords: Tectonic stress field; Structural style; Fracture network; Kuga Depression; Bashijigike Formation; Ahe
Formation.
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Fig. 1 Geological units of Tarim Basin and structural map of Kuqa Depression

(a) Tectonic location of Tarim Basin; (b) Tectonic unit division; (¢) Structural map of Kuga Depression
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Table 1 Range of sandstone mechanical parameters in key stratigraphic systems of the Kuga Depression
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(a) geological profile that across the Keshen area (according to Tarim Oilfield); (b) Maximum principal stress of profile; (c) The

maximum principal stress of the Bashijiqike Formation

2.2.2 PERWTREGE b N R B RHE

0 8 4 R A T L TSR B I X 5 2 Py R X e DX 2 T, R DX A I8 g At R
TC P SRR AL o P T, 2t i L A A ) 20T AR G o S R R A, EA g s L Rk 32 ) AR 130~
190 MPa, 4b-T it 80~140 MPa {RAA X M FE 5 180~210 MPa rmfE X il EMIN B (Kl 4a). HIXF2%
AR LG, WL I (1 77 BT W SRR S 2R WO B e I RN ) 1 R IR 23l Al 5, i ELAE G
Ui R HTERALAN B A A R TR R AR

T8 R - 5 IR T P S R R P TR O R T X B, T AR PR AR BT R0 L 9 R R 4
HETERMBE 7 BEITR, TR SRR R RS (B 5a. Sb). #h B3 AR Fri = DL 2225 il Al 5
RGN E, N — AR LR 3R R N4 2 W IR, TS TUIR . SRR b A% 2
PGS, MG R RS, B BRI R MPCIR . S IRAE BOR A o 7E IR W AR AR L1 e
Wi Tk, LE R RO, HErEe S L R SRR R, A AR s TR RS R PRI T
AT R RN B . A, FEWTE A HRMZHS BRI R N DRI T SR S IR A T S A
TR AR F7 3 e R B AR A% R o T % B R 52 S T2, B E T 2 BRI R AR
16, W R A SR BRI I R 3R R I -m RN 7, R A R AL M A . SR
2 F3 A AT S AT SE AL T, U SR AE A, R SR AU BRI, BN A B 5L . B
Jo 2 8 3 S R 2 SR o I ETEWT N S B TR, N2 S NI 2 A ikt s W R AR B
Ja o BB R PR BRI, BT B SO LR T R R o B A R R R AR RS
FEh 2R I 55 2 R R DR K

11



OE---_E---E-@@-

1(} km N
ks () kg2 fikeka

s () k2 kA N
#4k/m | i i —
010 10 km
1000 L |
2000 | 2
=3000 |
oo o \
-5000 | l
=6000 | /
70000
-8000 1.6x10° T
9000 {51 364100
uon S
-t1ooo-{Z2L-10
-12000 | <107 c
EEERER THEEETE | Ab B IR Ty

a— b WAL XCHL BT 450 (HR s BRI D b— TR K E R 304 (MPa); b—Fi & 4l K ER 1704 (MPa)

P 6 A 2 S o et T e [X e i 45 ) K i K 2 I g 93 ) T
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Fig. 7 Core photographs showing typical fracture types in the Bashijiqike and Ahe formations, Kuqa Depression

(a) Unfilled tensile fracture, Well Keshen 3102, 8123 m, Bashijiqike Formation; (b) Unfilled shear fracture, Well Keshen 2-2-5, 6770
m, Bashijiqike Formation; (c) Calcite-filled tensile fracture, Well Keshen 207, 6876 m, Bashijiqike Formation; (d) Unfilled shear

fracture, Well Dibei 5, 5842 m, Ahe Formation
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(a) The Bashijigike Formation of Keshen area; (b) The Ahe Formation of Dibei area
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(a) Northern detachment-release zone; (b) Central fold-thrust concentrated zone; (c) Southern stress accumulation zone
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Fig. 12 Theoretical Model of Typical Structural Styles and Stress and Fracture Distribution in the Kuga Depression
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Fig. 13 Typical structural styles, fracture characteristics and their relationship with productivity of the Ahe Formation in the Dibei area,
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Kugqa Depression
(a) Structural section and typical structural styles; (b) Fracture orientation characteristics; (c) Relationship between effective fracture

density and single-well productivity
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