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ABSTRACT: Recent Mw ~5 earthquakes reminded us the possibility of seismic hazards associated with moderate
to large earthquakes, and hence multidisciplinary research has been conducted to investigate faults covered by
unconsolidated sedimentary layers. This paper introduces ground penetrating radar (GPR) survey techniques that
are applied to study of near-surface geologic structure in a context of active fault study. Three survey techniques
are described, i.e. conventional single line survey, multiple lines survey, and orthogonal dual polarimetric survey,
and the case results of these survey techniques are presented. The single line survey is typically performed to detect
faults covered by young sediments, and the results of surveying of the Southern Yangsan Fault revealed secondary
geological structures within the fault zone. The multiple lines survey is carried out to investigate three dimensional
geologic structure in a survey site of Backmaryeong, Eumseong. We also performed the survey in a site on the
Mogod Fault, Mongolia where a Mw 7.1 earthquake took place in 1967, in order to determine the horizontal offset
markers and successfully imaged a paleo-river which was covered by unconsolidated sediments. Finally, the
orthogonal dual polarimetric survey is carried out to detect a vertical fault in the basement rock which is covered
by a surface soil layer. We applied this technique to a survey site in Ulsan to detect a vertical fault under a few
tens of centimeter thick soil layer. Our results for each technique suggest that GPR exploration can be used for
near-surface fault investigations, although the technique may vary depending on the exploration target, fault type,
and survey site conditions.
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Fig. 1. Schematic illustration of ground penetrating radar (GPR) measurement (left) and its synthetic data (right).
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Fig. 2. (a) Satellite image showing locations of the GPR survey sites on the Southern Yangsan Fault. (b) Survey
lines at each survey site (see the magenta solid line). (¢) B-scan images of the survey results.
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Fig. 3. (a) A Drone-derived photo of the survey site of the multiple line survey. (b) A B-scan image produced by
integrating data from 6 survey lines. (c¢) A horizontal slice image at a depth of 1.5 m.
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Fig. 4. (a) A satellite photo (north up) of the surface rapture associated with the 1967 Mogod earthquake and GPR
survey site on the Mogod Fault, Mongolia. A horizontal slice images at depths of 0.25 m (b) and 0.50 m (c) embedded
in the same satellite photo. Blue arrows in (a) indicate the river flow. The black arrow indicates GPR signal of the
fault whereas the white arrow indicates the possible river bed of a paleo-channel.
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Fig. 5. An orthogonal dual polarization GPR survey (modified from Kobayashi et al., 2022). (a) A photo showing
survey site with the target vertical fault (indicated by black arrows) appearing on the outcrop. (b) A schematic diagram
illustrating the data processing of the orthogonal dual polarimetric measurement data. Difference of horizontal slice
images of orthogonal polarization measurements reveals trace of the buried vertical fault.



454 JHIOFA| EFZER. -

FRGSL PO B30 weiRe} W) 2T
U A L TSNS T 4 g 1ol
zt

522

o EBOIAE T TAH AT BN B
# %91 GPR BAle} eistel 4] 7 gt 7]
ARl e A7) @ E sk, 212ke] Bhak 71
© B S, WSIAAA ), B0 55 2
713k WAt Bl 24 Sol whet gekal 4 ek
A e CE O EEEREF:
T Y oiR, 1A% 2AE 918 B 91X
AR 52 GAL B et A 7o) Heba 4
olck. R $elueke) MRA T2 SN A%
g BUsks FUAARE F2 2ol o
ol g5l LA L u, FEEA A
T} A o 83 BT B5L moksh AL
ke 27 ATo] 2 E8S F ACE BoE
ok AREALY FR4o] BolAE BAA ©E
Foll= FEe 4= 912 Aelc.

o 2ol 4| T}EFl GPR BAR: BE ATH
o4 s Z)elth Wi A ATEE BAske
GPR WAR: AEW B e N33 283t
N33 dloldl 7o) itk o] 1He T AY
I 5 e A5l 54l dlold ek
AX|sle] AR AW PASHE 7]elth A
o]t o] e A ERGIAE BA} 7
ol M= BArt Hs stk Hat 5ol 7h7ke
o ©3= vlw 9145}7] golshehs Holtt.
dold s ulmd & Leid 2 7140
W% U A A ATo)9] $-§-02E Hel ofo]
A)A] B9k HZ GPR BAPE B A} Hoo] A
£ §-g3hthe o] BlE vl FF AR HolT]
o 9% 24 48 Hs A e AE) 9% Aa
75 A o]t

[t oF 1|
oM

HN ofd

Kl

N o

Nl
K

Al

]

°

ALl =

o] AT A AALATY 71 EARYT “TR
AFREA A7 ¥ DS R AR GP2020-
014)” Al Q] | ¢ o}l =Y = Q).

Mzt 22l

Lo

o

REFERENCES

Bayasgalan, A. and Jackson, J.A., 1999, A re-assessment
of the faulting in the 1967 Mogod earthquakes in
Mongolia. Geophysical Journal International, 138,
784-800.

Bollinger, L., Kilnger, Y., Forman, S.L., Chimed, O.,
Bayasgalan, A., Munkhuu, U., Davaasuren, G., Dolgorsuren,
T., Enkhee, B. and Sodnomsambuu, D., 2021, 25,000
years long seismic cycle in a slow deforming con-
tinental region of Mongolia. Scientific reports, 11,
17855.

Cheon, Y., Choi, J.-H., Kim, N., Lee, H., Choi, ., Bae, H.,
Rockwell, TK., Lee, S.R., Ryoo, C.-R., Choi, H. and
Lee, T.-H., 2020, Late Quaternary transpressional
earthquakes on a long-lived intraplate fault: A case
study of the Southern Yangsan Fault, SE Korea.
Quaternary International, 553, 132-143.

Choi, J.-H., Kim, Y.-S. and Klinger, Y., 2017, Recent prog-
ress in studies on the characteristics of surface rupture
associated with large earthquakes. Journal of the
Geological Society of Korea, 53, 129-157 (in Korean
with English abstract).

Choi, J.-H., Yang, S.-J. and Kim, Y.-S., 2009, Fault zone
classification and structural characteristics of the south-
ern Yangsan fault in the Sangcheon-ri area, SE Korea.
Journal of the Geological Society of Korea, 45, 9-28 (in
Korean with English abstract).

Choi, S.-J., Gihm, Y.S., Cheon, Y. and Ko, K., 2019, The
first discovery of Quaternary fault in the western part
of the South Yangsan Fault— Sinwoo site. Economic and
Environmental Geology, 52,251-258 (in Korean with
English abstract).

Daniles, D., 2004, Ground Penetrating Radar 2" Edition.
The Institution of Electrical Engineers, London.

Han, K., 2012, Geophysical study for structural character-
istics and changes of Yangsan fault zone in the Eonyang-
Gyeongju area. Ph.D. Thesis, Andong National University,
Andong, 221 p (in Korean with English abstract).

Kim, N., Choi, J.-H., Park, S.-I1., Lee, T.-H. and Choi, Y.,
2020a, Cumulative offset analysis of the Central-Southern
Yangsan Fault based on topography of Quaternary flu-
vial terrace. Journal of the Geological Society of Korea,
56, 135-154 (in Korean with English abstract).

Kim, N., Park, S.-I. and Choi, J.-H., 2021, Internal archi-
tecture and earthquake rupture behavior of a long-lived
intraplate strike-slip fault: A case study from the
Southern Yangsan Fault, Korea. Tectonophysics, 816,
229006.

Kim, T., Choi, J.-H., Lee, H., Bae, H., Choi, Y., Lee, T.-H.,
Cheon, Y., Kim, C.-M., Kim, D.-E. and Ryoo, C.-R.,
2022, First detection of stratigraphic records of paleo-



AREIHO|E HAS 0|83 A HJF TS G 455

earthquakes in Chungbuk Region, Korea. Journal of the
Geological Society of Korea, 58, 411-425 (in Korean
with English abstract).

Kim, Y.-S., Son, M., Choi, J.-H., Choi, J.-H., Seong, Y. B.
and Lee, J., 2020b, Processes and challenges for the pro-
duction of Korean active faults map. Journal of the
Geological Society of Korea, 56, 113-134 (in Korean
with English abstract).

Kobayashi, T., Ko, K., Choi, S.-J. and Choi, J.-H., 2022,
Orthogonal dual polarization GPR measurement for de-
tection of buried vertical fault. IEEE Geoscience and

Remote Sensing Letters, 19, 4022805.

Lee, S.R. et al., 2020, Research on geologic hazard assess-
ment of large fault system - focusing on central region
of'the Yangsan fault. Korea Institute of Geosciences and
Mineral Resources, NP-2018-17, Daejeon, 503 p (in
Korean).

Received : November 24, 2022
Revised : December 1, 2022
Accepted : December 1, 2022



	Near-surface fault investigation by Ground Penetrating Radar (GPR) surveys
	요약
	ABSTRACT
	1. 서론
	2. 단일측선 탐사
	3. 다중측선 탐사
	4. 다중측선 직교이중편파 탐사
	5. 결론
	REFERENCES


