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ABSTRACT: Structural geology is a fundamental field of geoscience that interprets deformation structures preserved in rocks and strata
to understand tectonic processes, resource formation, earthquake generation, and geological hazards. This commentary reviews the
development of structural geology in Korea with a particular focus on fault research and examines how advances in the concepts and
methodologies of fault and fault-zone studies have expanded into resource exploration, fluid flow, active fault, and seismic hazard research.
Since the 1970s, structural geology in Korea has developed from field-based geological surveys and descriptive structural analyses into a
quantitative and multidisciplinary research field through integration with microstructural analysis, paleostress reconstruction,
geophysical survey, remote sensing, and geochronology. In particular, faults are now understood not as simple discontinuities but as complex
three-dimensional geological structures comprising fault cores, damage zones, segments, and linkage zones. This perspective has provided
abasis for extensive research on fault evolution, fracture networks and fluid flow, and coseismic fault rupture. Active fault research in Korea
was initially stimulated by geological safety assessments of critical infrastructure, including nuclear power plants, and has expanded
substantially since the 2016 Gyeongju earthquake through national-scale active fault investigation and mapping projects. However,
in a slow-deforming region such as the Korean Peninsula, recurrence intervals of moderate-to-large earthquakes are long and paleoseismic
records are often incompletely preserved, requiring multidisciplinary and convergent approaches to constrain the locations, segmentation,
slip rates, and three-dimensional geometries of active faults. Future research should further improve the quantitative understanding of fault
three-dimensional structure and evolution, segmentation, and displacement characteristics, and integrate these results into reliable fault-source
models and seismic hazard assessments that incorporate surface rupture.

Key words: fault, fault evolution, fluid flow, active fault, earthquake surface rupture
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Fig. 1. Tectonic model of East Asia associated with the India-Eurasia collision (Tapponnier ef al., 1982).
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Fig. 2. Simplified geological map of the Samcheok Coalfield, compiled based on previous geological and structural studies (e.g.,

Kim and Choi, 1990; Kim, 2017).
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Fig. 5. Descriptive classification of damage-zone structures into along-fault, around-tip, and cross-fault damage zones (Choi et
al., 2016). C and D denote contractional and dilational domains, respectively.

Fig. 6. Examples illustrating the relationship between faults and fluid flow. (a) Stalactites developed along faults on the ceiling
of Huanglong Cave, China (Kim and Sanderson, 2010). Larger stalactites are concentrated in extensional linkage zones, suggesting
preferential fluid flow along these fault zones. (b) Dikes intruded along fractures in a horizontal outcrop at Sinseondae, Geoje
Island, Korea (Yang and Kim, 2022).
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Fig. 7. Basic concept and application example of topological fracture-network analysis for evaluating fault and fracture con-

nectivity (Sanderson and Nixon, 2015).
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Mw 7.8 X|30o] o]0} oF OAIZ T Q1A B2l A Mw
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Fig. 8. Mainshock locations, fault traces, surface-rupture directions, and aftershock distribution areas associated with strike-slip
earthquakes around the San Andreas Fault, western United States. The aftershock zones generally correspond to the locations
of fault damage zones (Sibson, 1989; Kim and Sanderson, 2008).
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Fig. 9. Sequential occurrence of earthquakes and associated displacements along the North Anatolian Fault, Tiirkiye. This example
clearly illustrates the progressive migration of earthquakes within a segmented fault system (Stein et al., 1997; Jin and Kim, 2010).
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7}3lar Qlth(e.g., Peltzer et al., 1998; Klinger et al., 2005;
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FE SHCE FYPE oY dFEHe} RpolE Hol=
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HEF(H)Y oF 10~30% HE=7F eAollA uf wg &
o] Mg ol 24tdol FHeH, o] BT |
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02
1z

& (off-fault deformation)o]2} St Antoine et al., 2021;
Bae et al., 2025; Choi and Choi, 2026; 713 10). o|&|3t
4R A ARG Ry &5 F2A B4
AR ol whet gAY, F2 GSEE Afo|o AFH Y o
o] FA5 = FHoNA ZA et Bl ok
0|2} ARt AFAT F Shb= Tl EAIX ke
T HER FFol g o] T dAR A= Fast
£ WA ZAlolF M2 76t Hlshs, 29 ‘¥
Y EAK(slip compensation)’©] WAIGICH= A © Z(Choi et
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Fig. 10. Multi-segment rupture and deformation partitioning associated with the 2023 Tiirkiye earthquake sequence (Xi et al.,
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and distributed deformation around the faults. (¢) Segmented active faults around the East Anatolian Fault, Tiirkiye, and sur-

face-rupture traces produced by the 2023 earthquake sequence.
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2 2 U ShHEE Bagie A1) ARl X
Zo) A7714T YA Are HEAED ok B 4
Sick. g, AR T ANSAY ko] AH(A
Fupg o] Zojof atdH o Zlo])at ¥ jgo] v|H|shH, o]
= 712 HE4(e.g., Wells and Coppersmith, 1994)2 3]
A} SAEFS R AEokllA A Faas
2 Z8E I ek a2y A 2ARERS] Z23E O] A

> 9 FAPAT Jd ol iRt o]si7t wokAl
WA, 22 S et A7t A zluhd, HelsF 7t
O] N2 g Ao] B agh Aot} E3t, gt ¥e] X7l

82 Tt ARe AESo] o]FolA 1 rke..
Choi et al., 2018; Klinger ef al., 2018).
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s, AW S 7| R Ak 233 45]s
7 Fopol| A o8] | FA| F shtE FHRt o]of wat
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Hote A AZARE vfge s 44 71t W 53 4=
o] A xlo] HAE &5 o) WE AV F ANEES
H7ek= X XA H7Kseismic hazard analysis)o]] 42
F31 9l o] gt A= XA A8l =(seismic hazard map)
2 A=, A5ET T2 A YAEAE ¢t 94
7|22 R 2 &8t

A2 A F 7 e 0] H= A AR A== IA A2A
of #ZE AZIAX, GARER) 71589 AR, 181
AE HAZo) 7|5E A ANz FEEH o] F 2L
A7 Amg SAF o R EHH AR EFFo| }AY
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15 Hol= &35 T XA FHF
0] 0 7] v} Q= ‘B thE(active fault) O 2 A 9]
YA 2 vy eEy LRt YT 1
AR = XA BN GSAK Lo R SEEBE, ]
Z1A 3l ofB] SHA A L A2 FoAdo] ui$- 2ot

BRSO 7E A B o(FE AR B85 5k
1, vl oA 58 7HsAol e B T “HE7ol
= oulY] 254 g, 2T GFAVE Ve E &
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A2 A5 HA AN AAS AR 2 AF F M 2
e A5 HA A= g Axo] HARE A7IE Al
3310, ol Fa) YT ol 9 gol ZFHL. o]y
A5 HA A= T2 YA g duSEHY Fod7]
FEn]d| A A (Optically Stimulated Luminescence: OSL) &
YPEAHE S =2 HrHChoi et al., 2003). $HH, A|47]
B 0] 21514 9hE F-9ols DS e 2 1A
23H-Z9(Electron Spin Resonance: ESR) A& =435}
o X9 WY A7|1E B7FsH ] = ke, ol ARFA|
4 SEE s Bl o 9 shRgo] WAl
SpEA ESR A7} 27]3hEIchs o] 2o 2AG Aol
3 ESR AdiSAR 2 =W A7l digh W8>
20204 x| 23| R of) WEE = (Kim and Lee, 2020)9]
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=1 GA3tE|Qich 2000 o A7 E BAES A
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o] oA Y T o] TS0l R EtkKee et al.,
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Fig. 11. (a) Distribution of active faults mapped in southeastern Korea (modified from Kee ez al., 2007). Geologic evidence of
paleo-earthquake surface rupture has been reported predominantly along the Yangsan Fault and Ulsan Fault. The focal mechanisms
indicate the 2016 Gyeongju and 2017 Pohang earthquakes. (b) Evidence of surface rupture associated with a large prehistoric
earthquake along the Yangsan Fault, identified through a large-scale trench excavation at the Inbo site in the southern Yangsan

Fault (Cheon et al., 2020).
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Suete] @R AT 20179 TSRS ATF
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=3 AFAA 8T =9 A3 dF71E9] =Y o
FoF7] 2ol 53], hBAZ Ag=7]7} 71 whd
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HY L2 g otelstal B8k b F83 9
313l Qlth(Han et al., 2020; Park et al., 2020).
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2 SR2RAE T 39 ol BAES AN E =
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W AgAdo] Fostthe AAZE dash, 2 olgh 5}
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= A&=7} o]ojR| L QItH(Kim et al., 2020; Choi et al.,
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Fig. 12. Schematic illustration of a seismological and geological stability assessment considering surface-deformation hazards
in areas surrounding active faults (modified from Jin and Kim, 2018), highlighting the usefulness of the fault damage zone concept
for identifying areas that are relatively safe from active-fault-related surface deformation.
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