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Abstract. In this study,we examined the applicability of a 3Delectrical resistivity technique for the probingof underground
cavities at a field test site in a karst area in Yongweol-ri, Muan-gun, in the south-western part of the Korean peninsula. At the
test site,where the groundhas subsided in the past, underground cavities are commonly found in the limestone bedrock,which
is overlainwith alluvial deposits. The limestone cavities at the test site aremostlyfilledwith groundwater and clay; hence, they
show levels of electrical resistivity that are significantly lower than those of the surrounding host bedrock. The results of this
study demonstrate that the zones of low resistivity correspond to the zones of the cavities identified in the boreholes at the site,
and that our 3D electrical resistivity survey is a very effective tool for detecting and mapping underground cavities in a
karst area.
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Introduction

Given the rapidly growingneed inmodern cities for infrastructure
projects, such as railways, bridges, highways, and tunnels, the
construction of large-scale facilities is unavoidably encroaching
on areas with a weak rock mass, such as karst terrains. Many
underground cavities have formed as a result of the dissolution of
limestone by groundwater in karst areas. Accordingly, there is a
high possibility of ground subsidence in karst areas where large-
scale structures are under construction. Ground subsidence may
interrupt construction works and lead to changes in the original
engineering designs; more importantly, it can cause safety
hazards that may result in huge economic losses. Before
construction can begin in karst areas, it is therefore vital to
obtain sufficient information regarding the location and
distribution of underground cavities.

The following geophysical methods can be used for cavity
detection in a limestone area: electrical resistivity (Dunscomband
Rehwoldt, 1999; Van Schoor, 2002), ground penetrating radar
(Collins et al., 1990, 1994; Puckett et al., 1990; Wilson, 1995;
Benson, 1995), electromagnetic (Yuhr et al., 1993; Doolittle and

Collins, 1998), microgravity (Crawford et al., 1999), integrated
geophysical surveys (Douradoet al., 2001;Mcdonald et al., 1999)
and borehole tomography techniques (Kim et al., 2004).

There are some drawbacks in using 2D geophysical surveys to
investigate the spatial distribution of cavities. New detection
strategies and techniques are therefore required for 3D
investigation of the distribution of underground cavities. For
this study, the field test site was a karst area with underground
cavities, and we tested the area with 2D and 3D electrical
resistivity surveys. The spatial distribution of the limestone
cavities was visualised by means of 3D inversion of the
resistivity data obtained from the site.

Site descriptions

The field test site is located at Yongweol-ri, Muan-gun, in the
south-western part of the Korean peninsula. The site is located
near a large fault zone called the Kwang-ju Fault. Because the
ground has subsided in the past, the area is known to have many
underground cavities in the limestone bedrock, which is overlain
with a 5m to 7m thick layer of alluvial deposits (Figure 1). The

Fig. 1. A view of the field site at Yongweol-ri, Muan-gun in Korea.
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cavities in the area are attributed to the dissolution of the bedrock
limestone by groundwater, which flows along the fractures of the
Kwang-ju fault. Although the underground cavities are small,
they arewidely distributed in groups and formanetwork structure
at the site. The cavities and fractures ensure an abundance of
groundwater in the area. The cavities have been identified at
various depths in boreholes, andmost of the cavities are located in
the upper part of the bedrock limestone,which is right beneath the
regolith (or alluvial deposits). Pumping wells have also been
installed in the middle of the area for irrigation purposes.

Themechanismof a sinkhole collapse in theYongweol-ri area
is illustrated in Figure 2. During the agricultural off-season, as
shown in Figure 2a, the water table lies above the regolith-
limestone contact. During the farming season, however, the
water table drops to the level of, or below the level of, the
cavities due to the large volume of groundwater pumped for
irrigation. This drop in the water table causes regolith arches that
span the openings in the bedrock. Finally, as shown in Figure 2b,
the collapse occurs because the downward-moving groundwater
causes a loss of buoyant support for the regolith arches.

Electrical resistivity survey

To form an image of the limestone cavities, we conducted 2D and
3D electrical resistivity surveys of the field site. The results of 2D
electrical resistivity survey give a rough estimate of how the
limestone cavities are distributed at the field site. In addition, the
spatial distribution of the underground cavities was visualised
from the results of the 3D electrical resistivity survey.

2D electrical resistivity survey

A2Delectrical resistivity surveywas carried out over awide area,
including an area where underground cavities had been identified
from the results of borehole investigations. The survey lines in the
study area, as shown in Figure 3, consistedmainly of longitudinal
lines in an NW–SE direction and transverse lines that crossed the
longitudinal lines. The longitudinal lines are 205m to 255m long
and the transverse lines are 145m to 475m long. The electrode
space is 5m, and the maximum penetration depth of the survey is
25m. For the electrode layouts, we used dipole-dipole and
modified pole-pole configuration systems.

Fig. 2. Schematic view of sinkhole collapse mechanism in the Yongweol-ri area. (a) Water table above regolith-limestone contact, and (b) sinkhole collapses
caused by drop in water table (Crawford et al., 1999).
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Fig. 3. Locations of boreholes and 2D survey lines at the field site.

28 Exploration Geophysics S. Park et al.



The software DIPROfWin was used to determine the 2D
resistivity models of the subsurface on the basis of the survey
linedata.The2Dresistivity interpretationsoftwarewasdeveloped
by KIGAM, based on 2.5D finite element modelling, with
smoothness constrained least-squares inversion adopting the
Active Constraint Balancing (ACB) method (Yi et al., 2003).
In this automatic analysis method, a forward modelling
subroutine was used to calculate the apparent resistivity values,
andanon-linear least-squaresoptimisation techniquewasusedfor
the 2D inversion routine.

Figure 4 shows a fence diagram of the 2D resistivity
distribution in the subsurface in the study area. In general, the
electrical resistivity values range from 50W.m to 5000W.m. The
right upper part of the fence diagram shows abnormally high

resistivity values because of the presence of fresh limestone
bedrock. The bedrock is covered with alluvial deposits that
consist of clayey soils, and the weathered limestone and
cavities are distributed beneath the alluvium. These parts show
abnormally low resistivity values of 50W.m or less.

Fig. 4. Fence diagram of 2D electrical resistivity survey lines, showing the
resistivity distribution of the subsurface.
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Fig. 5. Horizontal slice of resistivity distribution at 10m depth.

Fig. 6. Bore logs of bores in the low-resistivity zone in the field site.
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When assessing the safety of the ground,we need to determine
the location of the limestone cavities near the land surface. The
resistivity distribution at each depth was derived from the survey
lines. Figure 5 shows the resistivity distribution at a depth of 10m
and the locations of boreholes. Figure 6 shows that the limestone
cavities were observed in bore logs in a low-resistivity zone. The
study area regolith (the alluvial deposits above the limestone) has
low resistivity values because it consists of clayey soils.However,
the zone with resistivities less than 50W.m at a depth of 10m is
closely related to limestone cavities. According to the results of
the boring investigation, the limestone cavities are mostly filled
with groundwater and clayey soils (water-saturated clayey soils);
hence, they have abnormally low levels of resistivity. The
resistivity imaging in Figure 5 is in good agreement with
borehole observations of cavity distributions in the study area.

3D electrical resistivity survey

A 3D electrical resistivity survey was conducted so that we could
closely investigate the 3D distribution of limestone cavities
with abnormally low levels of resistivity (50W.m or less).
This survey was based on the results of the 2D electrical
resistivity survey. Figure 7 shows the area of the 3D electrical
resistivity survey lines. A dense pattern of survey lines was laid

168050

168000

167900

167800

167850

167950

167700

167750

167600

167650

152300 152350

0 50 100 m

Scale

152400 152450 152500 152550 152600 152650 152700

Fig. 7. 3D electrical resistivity survey area in the field site.
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Fig. 8. 3D resistivity distribution in the survey area.
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Fig. 9. Underground cavities imaged by the 3D electrical resistivity survey.
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out in a longitudinal direction (E–W) and a transverse (N–S)
direction to collect resistivity data that would be appropriate for
performing a 3D resistivity inversion. The line spacings were
10m for the longitudinal lines and 20m for the transverse lines.
The electrode spacing was 5m, and the maximum penetration
depth of the survey was 25m.

Figure 8 shows the results of the 3D inversion of the resistivity
data obtained from 17 survey lines. The low-resistivity zones,
which are distributed in an east–west direction, are in good
agreement with the low-resistivity zones shown in Figure 4 for
the horizontal slice of the resistivity distribution at a depth of
10m. The distribution shows that the low resistivity levels are
connected in the surface-to-depth direction. Such areas are
susceptible to subsidence.

As shown in Figure 9, an abnormally low level of resistivity is
a strong indicator of the presence of limestone cavities. In a low-
resistivity zone, the limestone cavities are found near the surface.
This result is in good agreement with the bore logs in this area.
Thus, the 3D electrical resistivity survey is a very effective
technique for detecting underground cavities.

Conclusion

In this study, we examined the applicability of 2D and 3D
electrical resistivity surveys for detecting and mapping
limestone cavities in an area of ground subsidence. The major
findings of the study are summarised as follows:

1) Karst areas may have thousands of underground cavities due
to limestone dissolution by groundwater.

2) The limestone cavities identified in the boreholes of the study
site have abnormally low values of resistivity because the
cavities are mostly filled with groundwater and clayey soils.

3) The limestone cavities in the study area have low-resistivity
zones of 50W.m or less.

4) Finally, the 3D electrical resistivity technique is a very
effective tool for detecting and mapping underground
cavities in a karst area.
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