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ABSTRACT: A large number of sand volcanoes were observed in the vicinity of the epicenter due to the My 5.4
earthquake occurred on November 15, 2017 in Heunghae area, Pohang City. In this study, trench investigations
were carried out on unconsolidated sediments to trace the vertical migration of the sand volcanoes and the
liquefaction zone under the surface. The examined sections are markedly dominated by muddy sediments in the
upper part, sandy sediments in the lower part, which have been deposited in a floodplain. The liquefied sand was
injected along the irregular cracks of the silty clay layer at the upper part of the trench. The sand volcanoes show
a similar grain size distribution to the sediments at the altitudes of 2.4-3.0 m showing the mode of 200-300 pm.
Considering the development of the soft-sediment deformation structure in this section, the sand volcano is
considered to have been originated at the altitude of 2.6-3.0 m. The lenticular coarse-grained sand layer showing
aremarkable difference in particle size at the altitude of 2.5 m is likely to have been injected from lower liquefied
sand by paleo-earthquake event in this area. Therefore, it is considered that M>5 earthquake occurred during AD
1360-1640 based on the radiocarbon dating from the upper and lower layers of the lenticular coarse-grained sand
layer. This result could be basic data to trace paleo-earthquake in the southeastern part of Korea.
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WA ] 1782 sl FARAIT o] el TAY
3t 1 %] A (Paleo-earthquakes) 2] A9} gHA| x|
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2 W)B7ksRe Ho] w9 52 5CHMcCalpin and
Nelson, 2009; Kim et al., 2017).
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Van Loon et al., 1995; Kyung and Okada, 1995;
Rodriguez-Pascua et al., 2000, 2015; Guccione, 2005;
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Fig. 1. Aerial photographs of the trench site and borehole locations of the aggregate resource survey performed

in 2006 and 2015.
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Fig. 2. Stratigraphic sections of the aggregate resource survey performed in 2006 and 2015 around Heunghae area
(Korea Institute of Geoscience and Mineral Resources, 2006; Korea Water Resources Corporation, 2015).
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Fig. 3. Exposed sections in the trench site (a) and schematic diagram (b). The southern side (c) corresponds to the
upper and lower part, and the northern side (d) corresponds to the middle part in the trench site.
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Fig. 4. Stratigraphic section of the trench site including northern and southern sides. Red dots indicate the locations
of sampling for radiocarbon dating, and section 1 and 2 delineate the intervals of sampling for grain size analysis.
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Fig. 5. Occurrences of the intruded sand in the trench site. Pillar-like sand intrusions are observed near the top surface
(a, b). However the large amount of sand intrusions are identified along the irregular surface from detached blocks
in the silty mud (c, d, e, f). Irregular sand intrusions in the facies of mud-dominated, fine-grained sand to mud on

plan view (g, h).
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Table 1. Results of AMS 'C dating and calibrated dates for trench site.

Sample Elevation (m) '*C yr BP (10) Cal. yr BP (+20) Dating material Laboratory code
TR _MC-01 3.2 280 £30 310 £150 Plant fragment KGM-ITgl171174
TR_MC-03 3.1 280 £30 310 £150 Plant fragment KGM-ITgl171176
TR_MC-05 3.1 880 +£30 720 £50 Plant fragment =~ KGM-ITgl71178
TR_MC-07 23 560 +40 590 £70 Plant fragment KGM-ITg171180
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Fig. 6. Results of the grain size analysis in the section 1 and 2 of the northern side (refer to fig. 3). a. Grain size
distribution limit for liquefaction from Tsuchida and Hayashi (1971). b. Grain size distribution changes with depth.
c. Grain size distribution frequency curves (above) and representative frequency curves (below) of 25 samples.
The sand volcano delineates blue line with rhombus symbol.
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Fig. 7. Occurrences of the soft-sediment deformation structures observed at 2.8-3.0 m in elevation. a, b. Mud layers
are segregated and deformed irregularly (white arrows). ¢, d. Sand intrusions are frequently observed between the
deformed mud layers (blue arrows).
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to subvertical sand intrusions below the lenticular coarse-grained sand (white arrows) and isolated medium-grained
sand layers in the lenticular coarse-grained sand (blue arrows).
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Fig. 9. Schematic diagram of the examined deposits. Paleo-liquefaction had been developed in coarse-grained sand
deposit below alternation of the medium-grained sand and mud apart from few tens centimeters to few meters.
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