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ABSTRACT: The Korean peninsula with low tectonic activity and high denudation rate is located on the continental
margin away from the plate boundary. If there is no earthquake involving surface rupture, it is much difficult to
trace active faults in this area. Therefore, paleo-earthquake studies in this kind of tectonic setting have to rely on
the synthetic method combining various approaches including topographical characteristics related with past
surface deformations. Since the installation of modern seismographs, large earthquakes with surface rupture have
not occurred on the Korean Peninsula. However, there are several reported evidences for paleoseismological and
historical big earthquakes on the Korean peninsula. This study analyzed the distribution and activity characteristics
of active faults, based on the topographic survey in the eastern part of the Ulsan fault zone, where several reported
Quaternary faults are concentrated. The research area is a mountainous area on the eastern block of the Ulsan Fault.
The basement of this area is composed of biotite granite. The topographic analysis revealed that the apex of alluvial
fans along the western side of the ridge developed at a similar altitude. This indicates that the development of the
fans is related with faulting. These alluvial fans are classified into three groups based on their elevations, indicating
the effect of repetitive tectonic activities. The eastern blocks of the fan surfaces along the N-S trending lineament
are commonly uplifted . The anomalies based on the electrical resistivity survey across the lineament are well
consistent with the topographical anomalies. Also, the surface field survey supports east-dipping thrust faults, which
cut the fan deposits at the same anomaly points. Therefore, the topographical anomaly zones across the fans in
this area are considered to be formed as a result of fault activity.
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ATt E3 AP FF9 WA oA &= Okada et
al. (1995)7} 24 k22 nfe} wrersi 447138 4
ohet TS W sG] ol A7 R AT &
A o] 4 9] 1 2XI8H A-H(paleoseismology)
7} 2s] A=l o (2 1b; e.g., Kyung, 1997;
Kyung et al., 1999a, 1999b; Yang, 2006; Kee et al.,
2007; Choi et al., 2012, 2014; Lee et al., 2015), £3]
2016\ WP A2 2 (Mw=5.5; Kim e al., 2017)
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Lee et al., 2002) A3 & A4715= sk qEF
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2001; Choi, 2003; Kee et al., 2009), &4 2](Ryoo et
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Fig. 1. (a) Tectonic map around the Korean peninsula. (b) Reported Quaternary fault s1tes along the Yangsan and
Ulsan faults (green circles) and the eplcenters for the Gyeongju earthquake (Mw5.5, 12" "of September, 2016) and
the Pohang earthquake (Mw5.4, 15' " of Novemeber, 2017). (c) Topographic overview of the study area. Mountain
ranges (including Mt. Toham) develop in the north-south direction, while two rivers (Namcheon and Dongcheon)

change from east-west to north-south direction.
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Fig. 2. Classifications of the Quaternary alluvial fan surfaces (modified from Hwang and Yoon, 2001). Three levels
of surface were classified based on their elevation and shape.
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Fig. 3. Geological map of the study area (modified from Geological Survey of Korea, 1922). The study area is com-
posed of mostly Cretaceous biotite granite with intrusive volcanic rocks underlying Quaternary deposits.
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Fig. 4. Lithological characteristics of high-level alluvial fan deposits around the study area, mostly composed of

granitic gravel and granite saprolite matrix(c-h). The ratio of a matrix is increased from upstream to downstream
and downstream grain size is generally smaller than upstream. Pebble imbrications indicate that paleo-flow direction

is from east to west.
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Fig. 5. Reference line and rectangles for the swath profile analysis in the study area. Lines were installed about 4
km long in the east-west direction, and the width of the rectangle was 200 m. The background image is the elevation

map constructed from LiDAR DEM.
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the sea level.
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Fig. 7. Results of the swath profile analysis within alluvial fan surfaces. (a) Reference lines for swath profiles (Black
solid lines were installed for mid-level fan surfaces, and red solid lines were installed for high-level fan surfaces).
The background image is the slope map, which is constructed from LIDAR DEM. The slope was classified 1-degree
interval. The apex of the fan initiated between blue and green areas(black dashed line; yellow circles indicate the
reported Quaternary fault sites; black triangles indicate the knick point from swath profiles). (b) Uplifted eastern
part of the fan surfaces. (c) Vertical offset of the fan surfaces. The higher level of fans may record the cumulative
displacement of the surfaces compared with the lower surfaces.
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i N19°W/46°NE

Fig. 9. Panoramic view and detailed sketch of the main outcrop of the Hwalseong-ri site. Quaternary alluvial fan
deposits overlying the basement rocks were offset by thrust fault (N19°W/46°NE; white arrows). Around one-meter
vertical offset was measured based on the unconformity level.
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Table 1. Results of the '“C age dating of the Hwalseongri fault site in the layer of Fig. 9.

Calendar Calibrated Results:

Conventional Percent Modern N -
Sample Analyz.ed Radiocarbon Carbon(pMC) and . 93.4% Prpbablllty .
material age(BP) Stable Isoptones High Probability Density

& ptop Range Method (HPD)

1909HSR-1-c ~ Organic 3,530+30 IRMS §13C: -23.50/00 3,891~ 3,712 cal BP
sediment

1909HSR-2-c ~ Organic 5,050+30 IRMS §13C: -28.3 0/o0 5,901 - 5,726 cal BP
sediment

Fig. 10. (a) Shear fabrics (S-C fabrics) in the Hwanlseong-ri
fault site indicating thrust movement. (b) Displaced
beddings associated with reverse shear deformation
bands in the high-level fan deposits.
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Fig. 11. Conceptual models for cumulative geomorphic displacement caused by N-S thrust faults in the study area.
(a) Relatively older fan materials supplied from the eastern mountain. (b) N-S trending thrust fault cut the old fan
surface. The cross-section profile shows that eastern fan surfaces were uplifted by fault. (c) Younger fan deposit
between older fans. (d) Cross-sectional profiles showing different uplift amounts; older fan surfaces show more
uplifts due to cumulative displacement.
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