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Differences in crustal stress direction in the southern section of the Huayingshan fault zone in

Sichuan Basin: Insights from in situ borehole image logging

Abstract: [Objective] The Huayingshan fault zone, the largest fault zone within Sichuan Basin, exhibits notable
differences in geological structures on both sides. Historically, earthquakes with a magnitude of <5 have occurred
frequently along this fault zone, which remains relatively active to this day, disturbing the crustal stress field of the basin.
Clarifying the crustal stress state of the Huayingshan fault zone can enhance our understanding of its active deformation
and its tectonic and seismic activities and serve as a reference for subsequent research regarding this fault zone. Currently,
geostress studies in this area rely mainly on analyzing seismic data, whereas the investigation of borehole data remains
relatively scarce. [Methods] We collected and collated imaging data regarding borehole collapse and borehole-induced
tensile fractures from eight borehole logging sites in the southern segment of the Huayingshan fault zone; the geostress
directions of these eight boreholes were determined by analyzing these data. Subsequently, a comprehensive analysis of the
geostress characteristics was performed by combining the data regarding China’s modern stress field and the earthquake
focal mechanism solutions in the southeastern margin of Sichuan Basin. [Results] The maximum horizontal principal stress
in four boreholes located in the southern region of the southern segment of the Huayingshan fault zone was oriented in the
NWW-SEE direction, which aligns with the regional stress field direction in Sichuan Basin; only one borehole in the
southern region exhibited a maximum horizontal principal stress in the NEE—SWW direction, representing a
counterclockwise deviation relative to the regional stress field of Sichuan Basin. Meanwhile, the maximum horizontal
principal stress in all three boreholes in the central region of the southern segment of the Huayingshan fault zone was also
oriented in the NEE—SWW direction, representing a counterclockwise deviation relative to the regional stress field of
Sichuan Basin. [Conclusion] Through the comprehensive analysis of the above results and the tectonic features and
basement properties of the study area, the following conclusions are drawn: (1) The deviations in stress direction in the
southern segment of the fault zone are primarily caused by the combined effects of changes in the basement properties of
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the region, tectonic stress near the boreholes, and the regional stress field. (2) The geostress characteristics obtained in the
present study, along with the focal mechanism solutions of earthquakes in the southern segment of the Huayingshan fault
zone, indicate that the stress direction in the southeastern margin of Sichuan Basin is relatively divergent, resulting from the
combined effects of complex local structures and the regional stress field in this region. [Significance] The present study
aims to supplement the geostress data regarding the southern segment of the Huayingshan fault zone based on borehole
data, analyze the current stress field state of the rock mass, and determine the direction of the maximum horizontal
principal stress. These findings will provide supporting geostress data for subsequent research on the frequent seismic
activities in this region.

Keywords: borehole image logs; in situ stress field; Huayingshan fault zone; Sichuan Basin
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Fig. 1 Tectonics and borehole distribution in Sichuan Basin and its environs

The red color indicates active faults since the Late Pleistocene-Holocene (100,000 to 120,000 years ago); the blue color indicates faults that have

been active in the Quaternary period but have not been well understood since the Late Pleistocene. 1—Borehole L203H57-3; 2—Borehole
L203H79-4; 3—Borehole L206; 4—Borehole N205; 5—Borehole N213; 6—Borehole N215; 7—Borehole N217; 8—Borehole N224.
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Fig.2 AA’, BB’ Seismic interpretation profile of the southern section of the Huayingshan fault zone (The position of the measuring line is

shown in Fig. 1)
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Table 1 ~ Stress index form analysis of image log data from the central part of the southern section of the Huayingshan fault zone in Sichuan

Basin (The quality level was evaluated based on drilling-induced tensile fractures)
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Fig. 5 Rose diagram of the azimuth at two depths in borehole L206
(a)3700~3805 m depth; (b)3805~3925 m depth
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F2 WZAMEZLHEEEEPANMXALNFRERBEITHNNER (REFRUALFLF L KB ERITHRAE)
Table 2 Stress index form analysis of image log data from the southern part of the southern section of the Huayingshan fault zone in Sichuan

Basin (The quality level was evaluated based on the drilling-induced tensile fractures)

Biflg's  B3E/m WBIm  ERRRS R kB DITF{EHI5 it BOMRHAI i SPHRORERITr I R S
N203  2314.5~24282 2351.6~2398.0 14 7 100°~110°/280°~290° 20°~30°/200°~210° 111°/291° C
N213  21553~2617.1  2119~2190 — 3 10°~20°/190°~200° 112°/292° D
N215  2133.9~2546.1 2134.2~2420.0 130 13 70°~80°/250°~260°  0°~10°/180°~190° 81°/261° B
N217  2618.9~2984.9 2626.6~2866.0 307 8 100°~110°/280°~290° 20°~30°200°~210° 97°/277° A
N224  1925~2335  1957~2189 — 5 10°~20°/190°~200° 104°/284° C

TE: P77 (6 A F B i HE 44 2 ARG H 50 1B (Heidbach et al., 2018) SE 345 i tHF N ) BT i 4390 R 5853 A —EZR, AR I i 3 W a5 KK 7 320 )
(Si) 7 T ARSI ETE 15° LA, BYRAOR HORS 1 7R 15°~20°, CHATR HRE 1 7 20°~25°, DYHRIR HRE I R TE25°~40°, B ATR B A S8 . A r] SRRk
T >40°; DITF—# L5 & sk 2448 BO—# LAY

Notes: The average azimuth and quality ranking were calculated using the world stress map (Heidbach et al., 2018); The world stress map divides the data quality
into A to E levels. Level A indicates an Sy, accuracy within 15°; Level B indicates an Sy, accuracy of 15°—20°; Level C indicates an Sy, accuracy of 20°—25°;
Level D indicates an Sy, accuracy of 25°—40°; Level E indicates incomplete, unreliable, or accurate data of >40°; DITF—drilling-induced tensile fractures;
BO—borehole breakouts.
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Fig. 6 The number, orientation, and measurement depth of drilling-induced tensile fractures in boreholes drilled in the southern area of the

southern section of the Huayingshan fault zone
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Fig. 9 Gravity anomaly in the Sichuan Basin (modified from Xiong et al., 2015)
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Fig. 10 Tectonic background on the eastern side of the southern section of the Huayingshan fault zone
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