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ABSTRACT: One of the approaches to understand the characteristics of potential major earthquakes is to investigate the geologic records
of surface deformation associated with paleo-earthquakes. In particular, it is important to estimate offset and slip-rate along the surface ruptures
based on analysis of geomorphic offset markers. Recently, together with satellite and aerial vehicles, drones (or unmanned aerial vehicles)
could provide high-resolution geospatial data and this leads to enhance our topographic analysis. Here, we investigate geomorphic offset
along the paleo-earthquake surface ruptures on Yangsan Fault, S. Korea, and Mogod Fault, Mongolia using a drone-derived Digital Elevation
Model (DEM). In the Gyeongju Samreung site lying on the Yangsan Fault, we use drone LiDAR-derived Digital Terrain Model (DTM) to
conduct topographic profiles parallel and perpendicular to earthquake surface ruptures. The most notable result is the along-fault variations
in vertical separations, and this enables us to infer that the Yangsan Fault underwent mostly strike-slip earthquakes. On the Mogod Fault,
we estimate ~ 33 m of horizontal offset and 2 m of vertical offset based on the reconstruction of the offset channel using MATLAB-based
GUI LaDiCaoz. Senses of vertical separation are in discord between the topographic profile (2D) analysis and the 3D geomorphic reconstruction,

Copyright © The Geological Society of Korea 2024


https://crossmark.crossref.org/dialog/?doi=10.14770/jgsk.2023.049&domain=https://jgsk.or.kr/&uri_scheme=http:&cm_version=v1.5

38 st - KT -

and we attribute this difference to the dominant horizontal offset of the inclined geomorphic feature. Our study highlights that the drones offer significant
advantages for analyzing earthquake surface ruptures due to their ability to collect high-resolution data at low altitudes quickly. We expect these
findings will be beneficial for studying other geological events involving surface deformation such as volcanoes, landslides, or ground subsidence.

Key words: earthquake surface rupture, geomorphic offset indicator, remote sensing, drone, LIDAR
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Fig. 1. (a) The down-dip rupture width of full- and partial-rupture earthquake along a fault in relation to the extent of seismogenic
depth (from Zielke et al., 2015). (b) Geomorphology of strike-slip fault zone (from Burbank and Anderson, 2012). (c) A photo
showing co-seismic offset on the surface rupture caused by the 2023 Mw 7.7 Kahramanmaras, Turkey, earthquake on the Eastern
Anatolian Fault (Credit: Prof. Dr. Hasan S6zbilir; Source: https://www.veryansintv.com/prof-dr-sozbilir-en-az-3-fay-segmenti-
kirilmis-oldw/). (d) An aerial photo of Wallace Creek and San Andreas Fault (Photograph copyright by David Lynch).
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Fig. 2. (a) Locations of the case studies at the Gyeongju Samreung site on the Yangsan Fault in South Korea and the Mogod Fault
in Mongolia. (b) Location of the Gyeongju Samreung site. (c) Three-dimensional geological map and fault traces at the study
site (modified from Lee et al., 2023). (d, e) Locations of the topographic profiles parallel and perpendicular to earthquake surface

ruptures on the drone LiDAR-derived DEM.
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Fig. 4. (a) Geometry of the 1967 Mogod earthquake surface ruptures, with focal mechanism, traced on the 1:250,000 geological
map, Mongolia (modified from Bollinger ef al., 2021). (b) Optical image of the study area captured by drone. (c¢) Locations of
geomorphic profiles perpendicular to earthquake surface ruptures on the drone derived hill-shade map. (d) LaDiCaoz profiles
for measuring horizontal and vertical offsets using thalweg as the piercing point.
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