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Fault damage zone and its unmanned aerial vehicle identification technology

Abstract: [Objective] In structural geology, faults and their damage zones are fundamental structural units that hold
significant research and engineering value. They can be usde to reveal the evolution laws of regional structures and the
evolution characteristics of fault structures, to indicate the migration paths of underground fluids, and to evaluate the
stability of major engineering rock masses. However, traditional research methods often rely on manual recording to obtain
information on fractures and surrounding joint structures, which suffer from inefficiency and susceptibility to limitations
imposed by complex terrain. The emerging unmanned aerial vehicle (UAV) aerial survey technology in recent years has
effectively addresses the limitations of traditional methods. This method integrates data acquisition, terrain mapping, and
dynamic monitoring. It generates high-resolution digital models and images that can more effectively reduce field
workload, more intuitively display terrain features, and more conveniently extract structural information. This method can
be applied more broadly to the field of structural geology and geological engineering, especially when studying faults and
damage zones. [Methods] Based on an extensive literature review, we categorized and compared existing research in
relation to different application scenarios. [Results] This study provides a detailed explanation of the basic principles of
UAV aerial survey technology and the definition of fault damage zones and associated structures. It also enumerates widely
used methods for identifying the extent of fault damage zones and characterizing structural features. Additionally,
application scenarios of UAV aerial survey technology within fault damage zones are summarized. [Conclusion] Overall,
UAV aerial survey technology has been widely applied in the study of faults and their damage zones, meeting various
research needs. However, challenges remain in both the front-end (structural information acquisition) and back-end
(structural information interpretation) processes, leaving ample room for future applications and advancements.

Keywords: unmanned aerial vehicle (UAV) aerial survey ; identification of fault damaged zones; fault—joint structure;

high-resolution 3D terrain model
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Fig. 1 The spacial relation between fault damage zones and the fault core (mofified after Choi et al., 2016)
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Fig.2 Schematic diagram of the fault damage zone classification (modified after Kim et al., 2004)
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Fig. 3 Structures associated with tip damage zones (modified after Kim et al., 2004)

(a) wing cracks; (b) horsetail fractures; (c) synthetic branch faults; (d) antithetic faults
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Fig. 4 Structures associated with linking damage zones (modified after Kim et al., 2003)

(a) Lenticular body in a releasing stepover; (b) Lenticular body in a restraining stepover; (c) Pull-apart structure in a releasing stepover;(d)

Compressional fault in a restraining stepover
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Fig. 5 Structures associated with wall damage zones (modified after Xu et al., 2017)

(a) Antithetic faults; (b) Synthetic faults; (c) Riedel Shear
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Fig.9 Schematic diagrams of two UAV aerial survey principles

(a) Schematic diagram of LiDAR; (b) Schematic diagram of SfM
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2017) . SIM 55 37 1A 55 52 T 455 1 A 114 B A Ji 3HLAH [
B ok 5 T R ) = AR A R, B [ Y A5 7R
T SIM wl i i % H 3 SO A HLAY L ST L, B
T i P (Westoby et al., 2012) .
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Fig. 10 Judging the width of the fracture zone based on the linear
joint density (modified after Lei et al., 2016; Zhang et al., 2021)
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Fig. 11 Identifying horizontal dislocations in hydrographic nets (modified after Xiong and Li, 2020)

(a) Imagery of the central segment of the Altyn Tagh Fault; (b) Regional gully model in the Gebiling area; (c) Gully dislocation interpretation
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Fig. 12 Identifying surface fractures and horizontal dislocations in gullies (modified after Zhang et al., 2021; Li et al., 2022)

(a) Seismotectonic map of the 2021 M, 7.4 Madoi earthquake region; (b) Field photograph of a surface rupture; (¢) UAV image recognition of

gully dislocations and surface fractures
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