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Abstract. Recent earthquakes near nuclear power plants in Korea have triggered public concerns about possible seismicity
of the Ulsan Fault Zone in the south-eastern part of the Korean peninsula. To reveal subsurface structures of this fault zone,
we conducted high-resolution seismic refraction and reflection surveys, and closely spaced gravity measurements in the
Dongchon River valley north of Ulsan, Korea. Here alluvium covers the north–south trending fault zone in a 1-km wide
valley. Both source points and receivers were spaced at 5-m intervals for the 24-channel seismic refraction and reflection
methods, along two profiles of 835 m and 415 m length. Gravity data were also measured along these profiles at 131 stations
using a 10-m interval. Synergetic interpretation of seismic refraction, high-resolution seismic reflection, and gravity surveys
across the valley indicates that the Ulsan Fault Zone was formed by apparent north–south strike-slip motions during the
Cretaceous, and that some faults may have been reactivated by east–west compressional or transpressional stresses during
the Tertiary or Quaternary.
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Introduction

Several earthquakes of magnitude 3–4 have occurred recently in
the south-eastern part of the Korean peninsula, where nuclear
power plants and many heavy industrial complexes have been
built since the late 1970s. This seismicity has triggered public
concerns about the safety of such facilities, and an interest in
whether the Yangsan Fault system (YFS) is currently active. The
YFS is one of the most prominent geologic structures in the
region (Figure 1). Among several faults comprising the YFS,
the Ulsan Fault is the easternmost fault between Ulsan and
Gyeongju.

In 778 A.D., a single earthquake near Gyeongju, the old
capital of the Shilla dynasty, resulted in the deaths of more than
100 people, according to historical records (Lee, 1997). Other
destructive earthquakes were recorded during the 1st through
8th and 16th through 17th centuries (Kyung, 1997). Analyses
of aerial photographs, historical earthquakes and trench studies
have indicated that the Ulsan and Yangsan Faults near Gyeongju
are historically seismogenic (Kyung et al., 1999). Liquefaction
phenomena such as sand dykes and sand blows are also found
at the Malbang-ri site (Figure 1) between Gyeongju and Ulsan,
indicating great earthquake movements along the Ulsan Fault
during Late Quaternary time (Kyung and Okada, 1995). Trench
studies have also indicated fault displacements of Quaternary
strata at more than 20 locations in the YFS (Choi et al.,
2001). Many of these sites occur at the base of a steep slope
at the fault scarp of the eastern block of the Ulsan Fault
(Chang, 2001).

To define near-surface geologic structures in the middle part
of the Ulsan Fault Zone, we conducted near-surface geophysical
investigations comprising seismic refraction tomography, high-
resolution reflection surveys and closely spaced gravity
measurements across the Dongchon River valley where it flows
southward towards the city of Ulsan. In this paper the geology
of the study area is described, data acquisition and processing of
the seismic reflection, refraction, and gravity data are considered,

and finally the interpretations of those data and conclusions are
presented.

Geology and previous studies

Our study area is north of Ulsan in the south-eastern part of the
Korean peninsula (Figure 1). This area is within the 10-km deep
Mesozoic sedimentary Gyeongsang Basin. The most prominent
structural feature in the 20 000-km2 Gyeongsang Basin is the
YFS, comprising several subparallel faults. The Ulsan Fault of
the YFS trends in the NNW-SSE direction, which is different
from the rest of the faults of the YFS which strike to the north-
to-north-east. Several Tertiary sedimentary basins also occur
within the Gyeongsang Basin east of the Ulsan Fault (Yoon
and Chough, 1995; Son et al., 2000). These basins were formed
during the opening of the East Sea (Kim, 1990; Yoon, 1992). The
Ulsan Fault Zone (UFZ) was first identified as a major lineament
through analysis of LANDSAT-1 images by Kim et al. (1976).
Recently, Chang (2001) noticed remarkable differences in both
lineament patterns and topographic features across the fault.
In the crustal block west of the UFZ, the lineaments occur in
two distinct orthogonal sets; while, to the east of the fault, the
lineament orientations are more diverse. Most faults within the
UFZ are Mesozoic or Tertiary and are buried by the alluvium
of the Dongchon River. Quaternary faults in the UFZ have been
identified, however, at the base of a steep slope along the fault
scarp of the eastern block (Chang, 2001). The Quaternary faults
show reverse and/or strike-slip motion. These faults strike to the
north and generally dip to the east (Choi et al., 2002).

Previous geophysical studies have been carried out to
elucidate subsurface structures and characteristics of the fault
valley. Son et al. (1999) conducted electrical and electromagnetic
surveys in the Ipsil area south of Gyeongju to investigate
relatively deep structures of the fault. They suggested that recent
fault movements are focused in a fracture zone along the east
edge of the Dongchon River valley. Previous seismic reflection
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Fig. 1. The Yangsan Fault System (YFS) in the south-eastern part of the
Korea peninsula. The YFS comprises several subparallel faults that trend in
the NNE-SSW or NNW-SSE direction; (A), the Miryang (B), the Moryang
(C), the Yangsan (D), the Dongrae (E), the Ilgwang and (F) the Ulsan Faults.
Near the YFS, there are several large cities such as Busan, Ulsan, Pohang,
and Gyeongju, and also nuclear power plants (stars) on the east coast.

studies near the present study area (Kim et al., 2000) imaged
several high-angle reverse faults dipping eastward beneath
Pleistocene alluvium. Surveys of seismic anisotropy (Lee et al.,
2000) and electrical resistivity (Lee and Um, 1992) were also
conducted in the vicinity of the Malbang-ri site (Figure 1).

Our geophysical survey lines are ∼1.5 km south of the
province boundary between North Gyeongsang and South
Gyeongsang Provinces (Figure 2). There the UFZ trends in a
nearly north–south direction and Quaternary alluvial deposits of
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Fig. 2. Topographic map on which are superimposed the survey lines of
seismic refraction profiling, high-resolution CMP reflection surveys, and
gravity measurements across rice fields in the Dongchon River valley at the
investigation site between Gyeongju and Ulsan (Figure 1). The eastern end
of Line 2 is on the mouth of a small valley extending to the NEE.
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Fig. 3. Raw shot gathers from shot points at (a) distance 490 m where
relatively strong primary events and multiples are recorded down to 120 ms
near zero-offset, and (b) distance 695 m where the major bounding fault is
located, respectively. No additional filter except anti-aliasing filter or AGC
was applied.
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Fig. 4. Stacked sections for (a) 835-m Line 1 and (b) 415-m Line 2. Nominal CMP fold and
the depth point intervals are 1200% and 2.5 m, respectively. For display purpose, an AGC with
a 30 ms window was applied.
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Fig. 5. Travel time curves showing first-arrival picks along (a) Line 1 and (b) Line 2. The 24
geophones at intervals of 5 m were used per record. Surface coverage is 100% for Line 1 and
200% for Line 2. Here refraction velocities tend to decrease from west to east along Line 1 and
to increase from west to east along Line 2.
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the Dongchon River valley bury it. West of our geophysical lines,
hornfels and clastic sedimentary rocks of the Hayang group of
Cretaceous age are exposed in low hills. The sedimentary rocks
comprise shales and sandstones intercalated with small amounts
of tuffaceous sandstones and conglomerates (Park and Yoon,
1968). To the east of the UFZ lie mountain chains parallel to the
valley. Here biotite granite intruded sedimentary rocks during
the Cretaceous or Tertiary (Jin et al., 1990, 1991; Lee et al.,
1995).

Data acquisition and processing

Seismic reflection data

Both seismic refraction and reflection surveys were carried out
along two lines across rice fields during December, 2001. Line 1
of 835 m and Line 2 of 415 m are approximately perpendicular to
the strike of the fault valley in the study area (Figure 2). The east
end of Line 1 nearly bounds a steep mountain front, while the east
end of Line 2 is located at the mouth of a small valley that trends
in the NE-SW direction. The study area provided reasonably
good conditions for seismic studies with relatively low noise
levels except at the east ends of both lines near National Road 7.

A 5-kg sledgehammer was impacted at least three times on
a square aluminum plate at each station to generate seismic
signals of high S/N ratios. Split-spread 24-channel roll-along
profiling used source-point and receiver intervals of 5 m. A single
100-Hz geophone was planted with a spike into the ground at
each station. The near- and far-trace offsets were 5 and 60 m,
respectively. A record length of 204 ms and a sampling interval
of 0.2 ms were chosen. Except for anti-aliasing, no filter was
applied in the field. Shot gathers in the middle and near the
eastern end of Line 1 (Figure 3) show that the variation of depth to
the top of acoustic basement is large between those two locations.

12-fold CMP stacked sections (Figure 4a and 4b) were
obtained using a personal computer and a commercial software
package to edit noisy traces, apply elevation and statistical static
corrections, attenuate ground roll with apparent velocities less
than 500 m/s using f-k filtering, mute both early arrivals and
late-arriving surface waves, apply normal-moveout, and stack.
The moveout velocities were determined by application of
constant-velocity stacking with a suite of moveout velocities
at 20-m/s intervals. A long spatial-wavelength floating datum
correction and band-pass filter with corner frequencies of 60,
80, 280, and 320 Hz were applied after stack.

Seismic refraction profiling

Seismic refraction profiling along Lines 1 and 2 (Figure 2) during
December 2001 used the same seismic source, geophones, and
recording instrument as in reflection profiling. For refraction
profiling, the 24 geophones were spaced at intervals of 5 m.
Source points were normally positioned at the centre and 30,
55, and 67.5 m in both directions from the centre of the fixed
geophone spread. Where coupling was bad, the source point
was moved by one station interval. A record length of 204 ms
and a sampling interval of 0.2 ms were chosen. After recording
seven successive shot gathers, the geophone spread was moved
laterally by one or one-half of the spread length for Lines 1 and 2,
respectively.

The data were analysed using commercial software on a
personal computer. First arrival times (Figure 5) were picked,
carefully checked and then adjusted to satisfy conditions
of reciprocity and to assume that apparent velocities were
consistent for common pairs of geophones for which the arrivals
were critically refracted in a given direction along the same
interface. Velocity tomograms were derived from the first-arrival
refraction times using the refraction data inversion algorithm
of SIRT (Simultaneous Iterative Reconstruction Technique;
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Fig. 6. Smoothed refraction velocity tomograms (upper), stacked sections (middle), and
complete Bouguer gravity data (lower) of Line 1. Four seismic units are interpreted on the
stacked section: unconsolidated recent sediments (Layer 1), a partly consolidated or weathered
layer (Layer 2), a Cretaceous sedimentary layer (Layer 3), and an igneous body (Layer 4). High-
angle faults and folding associated with strike-slip motion during the Cretaceous and faults that
may have been reactivated during the Tertiary or Quaternary are indicated. Abrupt variation in
thickness of the unconsolidated sediments is apparent above the bedrock-involved faults near
105 m and 620 m from the west end.
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Lo and Inderwiesen, 1994) and an initial velocity that increased
monotonically from the ground surface to a depth of 100 m. The
inversions used 15 layers of constant-velocity cells 5-m wide.
With increasing depth, the heights of these cells increase from
∼1 to 4.2 m, and their tops become more nearly horizontal. The
tomographic velocities are smoothed and contoured to facilitate
synergetic interpretation with the seismic reflection, gravity, and
resistivity data (Figures 6 and 7).

Gravity measurements

Gravity was measured at 84 stations along Line 1 (Figure 6) and
47 stations along Line 2 (Figure 7) at 10-m intervals, using a
Worden gravimeter. The partially frozen surface of the empty
rice fields (Figure 2) made levelling of the gravimeter difficult
and this caused considerable delay in gravity measurements.
Locations and relative elevations were measured at each station
using a laser surveying instrument having a distance resolution
of ∼3 mm/km.

Gravity was measured at a reference station every 30 min to
correct for tidal and instrumental drifts by linear interpolation.
Latitude, free-air, and Bouguer corrections using an assumed
density of 2.1 t/m3 were then applied. To obtain the complete
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Fig. 7. Smoothed refraction velocity tomograms (upper), stacked sections
(middle), and complete Bouguer gravity data (lower) of Line 2. As with
Line 1 in Figure 6, four layers are interpreted on the stacked section. Flower
structures (100 to 250 m from the west end) associated with strike-slip motion
or possible reactivated during the Tertiary or Quaternary are indicated.
Abrupt variation in thickness of the unconsolidated sediments is identified
near 120 m and 280 m from the west end.

Bouguer gravity profiles (Figures 6 and 7), a FORTRAN
program was written and applied to calculate terrain corrections,
using a density of 2.67 t/m3 and 62 602 20-m square rectangular
prisms of varying height. Elevations were specified by digital
terrain data in a 9.04 × 11.08 km rectangular area that included
mountainous regions to the east of the survey area. Variations of
terrain and Bouguer corrections along the gravity profiles were
0.57 and 1.42 mGal, respectively.

Interpretation

Four seismic units and subsurface geologic structures are
identified and indicated on the stacked sections (Figures 6 and 7).
The seismic units are interpreted as unconsolidated recent
sediments (Layer 1), a partly consolidated or weathered layer
(Layer 2), a Cretaceous sedimentary layer (Layer 3), and an
igneous body (Layer 4). Both the gravity profiles and the
refraction tomograms are correlated with the overall structure
as interpreted in the reflection seismic sections.

In particular, the gravity along Line 1 (Figure 6) shows
relative minima above the regions in which the depth to Layer 3
is greatest and a relative maximum near the shallowest part
of the igneous body (Layer 4). An apex of the igneous body
is interpreted ∼370 m to the east of the west end of Line 1.
The decrease of residual gravity by ∼2 mGal from that point
westward to the end of the Line 1 is also consistent with the
interpretation that the top of the igneous body deepens rapidly
to the west of that point. In the refraction tomogram for Line 1 the
velocity contours of 1.3, 2.3, and 3.3 km/s roughly follow the tops
of Layers 2, 3 and 4. In Line 2 (Figure 7) the 3.3-km/s contour in
the refraction tomogram seems to roughly coincide with the top
of the igneous body (Layer 4). Generally lower velocities in the
refraction tomogram of Line 2 may indicate greater weathering
or deposition of sediments with lesser velocities associated with
the small valley that extends to the north-east (Figure 2).

Several near-vertical faults and reverse faults with steep
or intermediate dips are interpreted in Lines 1 and 2
(Figures 6 and 7). These faults are interpreted to extend upward
from the igneous body (Layer 4) or Cretaceous sedimentary
rocks (Layer 3) into the interpreted weathered layer (Layer 2)
or unconsolidated sediments of the Dongchon River valley
(Layer 1). One cannot be certain that the oldest unconsolidated
sediments are cut by any of these faults; however, abrupt
variation in thickness of the unconsolidated sediments above the
bedrock-involved faults near 105 and 620 m from the west end
of Line 1 and 120 and 280 m from the west end of Line 2 may
indicate the recent reactivation of the Ulsan Fault. The seismic
data may guide additional investigations, such as trenching,
that can test whether the faults have been reactivated during
Quaternary time. The interpreted reverse faults and associated
folding of Layer 2, 250–450 m from the west end of Line 1
and 100 to 250 m from the west end of Line 2 may be flower
structures associated with transpression along a major strike-
slip fault within the valley. In general the interpreted structures
are consistent with previous interpretations that the Ulsan Fault,
like several other YFS faults in the south-eastern part of the
Korean peninsula, was formed by predominant north–south
strike-slip motions during the Cretaceous followed by east–west
compression during the Tertiary (Hilde et al., 1977; Hwang and
Angelier, 1992).

Conclusions

Synergetic interpretation of seismic refraction, high-resolution
seismic reflection and gravity surveys across the Ulsan
Fault indicates that the seismic refraction method facilitates
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interpretation of layer characteristics, while the reflection
seismic methods allows the detailed interpretation of faults and
folding associated with strike-slip motion during the Cretaceous,
and faults that may have been reactivated during the Tertiary or
Quaternary. The gravity data also facilitate the interpretation of
the surface of a Cretaceous igneous body beneath the Dongchon
River valley. Some reverse faults and folded structures may
indicate transpression during Cretaceous strike-slip faulting or
later east–west compression during the Tertiary or Quaternary.
Additional surveys are required to determine whether the portion
of the Ulsan Fault that we have studied is presently active.
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