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ABSTRACT

The extensive eruption of fluid from the mud volcanoes in the Yanchao area of southwestern
Taiwan reveals the activities of the active Chishan fault. A series of time-lapse resistivity imaging
measurements were initially conducted in the Wushanting Natural Landscape Preservation Area in
Yanchao to evaluate the relationship between resistivity change and fault activity. Resistivity
measurements were conducted first along seven 30- to 60-m survey lines to build up the regional
model for mud volcanoes. We then conducted consecutive hourly and daily measurements to
evaluate the short-term resistivity variations. Monthly observation was initiated along two 60-m
lines in July of 2006. On December 26, 2006, two successive earthquakes with magnitudes of 6.96
and 6.99 hit the town of Hengchun in Pingtung County, about 120 km southwest of the monitoring
site. Before the Pingtung earthquake, the resistivity at the research site was less than 25 ohm-m.
Two regions with relatively low resistivity were found at a depth greater than 4-m at the positions
of the two mud volcano craters. The two low-resistivity regions indicate the locations of conduits
for the mud fluid. The major changes of resistivity are located in the vadose zone between the
surface and a depth of 3-m. After the Pingtung earthquake, the maximum resistivity increased in
the vadose zone by 7 ohm-m and 20 ohm-m on survey lines D and E, respectively. In the zone, the
estimated water content of D and E decreased by 7% and 10%, respectively, after the earthquake.
We suggest that the decrease of resistivity in the vadose zone most likely reflects the decrease of
water content, itself caused by the earthquake tremors’ increased emission of gas. Currently, we are
continuing the resistivity-monitoring surveys and hope to provide more data to clarify the seasonal-
variation patterns and to compare them with the previous findings.

Electrical Resistivity Variations Before and After the Pingtung Earthquake in the Wushanting Mud

Introduction

Mud volcanoes are geological features distributed in
a wide variety of tectonic environments, such as passive
continental margins, continental interiors, and transform
and convergent plate boundaries (e.g., Hedberg, 1980;
Fertl and Timko, 1970; Higgins and Saunders, 1974; Reed
et al, 1990). In southwestern Taiwan, abundant mud
volcanoes have erupted on land and offshore owing to the
intense compression tectonic environment (Shih, 1967,
Huang et al., 1992; Liu et al., 1997). Most mud volcanoes
on land are related to geological structures and are
distributed along the axis of the Gutingkeng anticline and
the Chishan fault (Wang, 1988). The gas in mud volcanoes
is believed to be closely related to decomposed organic
matters in the mudstone formation. You et al (2004)
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suggest that fluid emanating from Taiwanese mud
volcanoes were originally marine pore waters that mixed
with meteoric water, or that underwent surface evapora-
tion during the recharge and discharge processes.
Nevertheless, the gas-eruption activity of mud volcanoes
are found to be closely related to tectonic activity (Sung
et al, 2004). It is difficult to estimate the gas volume
correctly given the government restrictions on setting
up any permanent instruments in the field, therefore it
is necessary to look for other ways to monitor the gas-
eruption activities quantitatively. In theory, the volume
occupied by gas is more resistive than the water-saturated
soil volume. If the eruption activity increases, the
occupied gas volume should also increase. This premise
makes it reasonable to measure the gas-eruption activity
through electrical resistivity differences.
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Electrical resistivity surveys employ a direct
current or an alternating current of very low frequency
and measure the variation of spatial potential fields to
explore the distribution of the ground’s apparent
resistivity. Techniques for electrical resistivity monitor-
ing have been successfully used for environmental
purposes because of the techniques’ abilities to identify
resistivity changes stemming from either water-content
variation in the vadose zone or the migration of con-
taminants (e.g., Kean et al., 1987; Van et al., 1991). In
this study, we attempt to quantify the mud volcano
activity in the Wushanting Natural Landscape Preser-
vation Area with surface electrical resistivity imaging
profiling technology. The study was divided into three
phases. In the first phase, we deployed seven survey
lines, including four south-to-north 60-m long and three
east-to-west 30-m long resistivity survey lines to
investigate the background near-surface geology in the
WNLPA. In the second phase, we collected hourly and
daily time-lapse resistivity measurements along two
survey lines to analyze the range of short-term variation.
The design of the second phase is to study how the
resistivity varies in a short period. The third phase
included monthly measurements over a 10-month period
to identify the long-term variation of the mud volcano
activities, and to compare the resistivity variation with
the tectonic activity.

Site Description

Taiwan is located at the boundary of the
Philippine Sea plate and the Eurasia plate. At least 17
major mud volcano sites can be identified in southwest-
ern Taiwan. Among them, the Wushanting Natural
Landscape Preservation Area (WNLPA) (Fig. 1) is
located near the Chishan fault in Yanchao, Taiwan.
The eruption of fluids and gases from the fissures in the
thick Gutingkeng mudstone resulted in two huge cone-
shape landscape features. The Gutingkeng formation is
mainly Pleistocene marine gray mudstone intercalated
with thin-bedded sandstone (Keng, 1981), and clay
particles can constitute about 59% of the formation’s
content. The thickness of the formation reaches is over
5,000 m.

The mud volcanoes in the WNLPA are located
in a 200-m x 150-m platform (Fig. 2(a)). There were
originally three main mud volcano craters in the
platform. A new eruption crater was formed beside the
B crater after the Pingtung earthquake in December
2006. Constantly erupted mud fluids almost entirely
eliminate plants from the ground near the craters. The
unique geomorphic features have led the government to
designate the WNLPA site a natural landscape preser-
vation area in the county.
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Figure 1. Regional maps showing the locations of mud-
volcano groups (LC, TKS, AKS, KSP, LYS, and WST)
in southwestern Taiwan. The star sign shows the location
of the Wushanting Natural Landscape Preservation Area
(WNLPA) site. The Cross labels in the lower right small
map indicate the two epicenters of the Pingtung
doublet earthquake.

We chose the surface electrical resistivity imaging
profiling (RIP) method for this study because govern-
ment policies prohibit establishment of permanent
instrumentation in the WNLPA. The LGM 4-point
Light hp resistivity meter and ActEle system (Lipp-
mann, 2005) were used for the field resistivity measure-
ments. For the resistivity measurements in the first
phase, we selected dipole-dipole and Wenner arrays
because they provide lateral and vertical coverage of the
subsurface. To construct the geology model of the
WNLPA site, we performed data acquisition with 40
electrodes spaced at 1.5-m intervals along the south-to-
north lines (lines C, D, E, and F in Fig. 2(b)), and with
20 electrodes along the east-to-west lines (lines X, Y,
and Z in Fig. 2(b)). To address the lateral resistivity
variation and to use our survey time efficiently, we used
only the dipole-dipole method during the second and the
third phases of the research. In the second phase, we
conducted measurements along the D and E lines with
the same 1.5-m electrode spacing to monitor short-term
variations in resistivity. The short-term monitoring was
conducted in two different time frames: first we carried
out monitoring every hour for 8 consecutive hours, and
then we resumed the monitoring, carrying it out once a
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Figure 2. (a) Satellite image of the WNLPA (from Google™ earth) and pictures of the mud volcano B (upper left) and
mud volcano S (lower right). (b) Resistivity survey plan of the WNLPA site (dotted line indicates the range of the
WNLPA). B and S mark the locations of two major mud-volcano craters. Resistivity surveys were conducted along the C,
D, E, and F lines and along the X, Y, and Z lines. Arrows show the survey direction.

day for one week. In the third phase, we collected
resistivity data along the D and E lines with the same
1.5-m electrode spacing for 10 mo. Because precipitation
may affect the resistivity measurements, we took no
resistivity measurements during the three days following
significant rainfall; in this way, we sought to avoid a
situation where the precipitation would affect our long-

term monitoring study. As a result, the frequency of the
long-term measurement was roughly once a month, with
the frequency varying in relation to weather conditions.
Resistivity data were inverted with EarthImager™ 2D
software (AGI, 2006), which uses a forward modeling
subroutine and non-linear optimization techniques to
calculate resistivity values.
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(a) Inverted resistivity imaging profiles of the north-south C, D, E, and F lines collected at the WNLPA site in

July 2006. B and S indicate the projected locations of the two mud-volcano craters. (b) Inverted resistivity images of the

east-west X, Y, and Z profiles.
Results

Background Resistivity

The dipole-dipole and Wenner-resistivity surveys
were conducted on July 22, 2006 (during the first phase),
to construct the background model of the WNLPA site.
The acquired dipole-dipole and Wenner data were
then combined and inverted together using the AGI
EarthImager™ 2D software (AGI, 2006). Figure 4
shows the inverted resistivity of the north-south C, D,
E, and F lines and the east-west X, Y, and Z lines.
Symbols B and S indicate the projected positions of the
mud volcano craters. The horizontal distance, shown in
images in Fig. 3, indicates the displacement from the
position of the reference electrode in each survey line.
Because lines C, D, E, and F (Fig. 3(a)) had longer survey
distances, and therefore allowed for larger electrode
spacing, the resistivity-exploration depth for lines C, D,
E, and F is larger than that for lines X, Y, and Z
(Fig. 3(b)). In general, the inverted resistivity ranged from
2 to 16 ohm-m for the mudstone in the WNLPA site. The
vadose zone, which is located at the surface and is more
resistive than the underlying saturated layer, is about
2-3 m thick in the study area. Regarding high resistivity
regions (regions wiyh resistivity greater than 10 ohm-m),

lines E and F exhibited resistivity values greater than the
resistivity in the C and D lines. Line Z exhibited resistivity
that was greater than the resistivity in lines X and Y.
Because of the geology in the WNLPA site, these regions
may constitute a “drier zone” than the rest of the vadose
zone. We located low resistivity regions (regions with
resistivity less than 4 ohm-m) under the two mud volcano
craters in lines D, E, and F. Because the mud volcanoes
are still emitting gas and mud fluids from craters, the low
resistivity region may indicate the presence of fissures
where the mud fluids existed.

Results from surveys along lines C, D, E, and F
were combined together, and the data between lines
were then interpolated with the simple kriging method;
in this way, we formed the resistivity layered model
of the WNLPA site shown in Fig. 4. In Fig. 4, a high
resistivity region (with resistivity over 10 ohm-m)
appears in the southeast part of the WNLPA within
4-m of the surface. Compared to the rest of the area, the
drier region is located in the high ground formed by the
mud emitted from the mud volcanoes. This region’s
characteristics imply that the southeast WNLPA site has
a thicker vadose zone with less water content above the
shallow water table. Regarding the mudstone deeper
than 4-m, we identified two isolated low-resistivity
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Figure 4. Background resistivity images collected at the
WNLPA site in July 2006. The resistivity image of each
different depth was created by applying the kriging
method to the inversion results from the C, D, E, and F
lines and from the X, Y, and Z profiles.

regions (with resistivity less than 4 ohm-m) under the
two mud volcano craters. The location-related consis-
tency between the very low resistivity region in the
deeper subsurface and the mud volcano craters on the
ground surface suggests fissure conduits of oversaturat-
ed mud are present.

Short-term Variation of the Resistivity

The short-term (daily) resistivity variations were
monitored prior to monitoring the long-term (monthly)
resistivity changes. Evaluation of the short-term varia-
tions allowed us to distinguish the accumulated long-
term deviations from the hourly or daily variations.
Dipole-dipole surveys were first conducted along line
D every hour for 7 consecutive hours to assess the
variation from hour to hour. Figs. 5(a)-(b) show the
average resistivity and the standard deviation of the hourly
surveys, respectively. Figure 6(a) shows that the resistive
layer exhibiting resistivity over 5 ohm-m has a depth less
than 3 m. Furthermore, regions with higher resistivity
(>9 ohm-m) are located at the positions near the two mud
volcano craters. Also, as Fig. 5(b) shows, most of the line
D’s standard deviation values in the 7-hour period are
less than 1 ohm-m. The maximum standard deviation is
about 4.0 ohm-m and is found only at two surface
points, located at 13-m and 44-m from the reference
electrode. The hourly observation shows no significant
resistivity variation during the study period. This
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Figure 5. (a) Average resistivity of the hourly surveys along the D line. (b) Standard deviation of resistivity of the hourly

surveys along the D line.
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Figure 6. Resistivity difference in the background data collected at (a) day 2, (b) day 3, (¢) day 4, (d) day 5, (e) day 6, and

(f) day 7 in the 7-day observation study.

finding implies that the influences from the hourly
change of climate conditions are minor during the
observation period along the D profile.

After the completion of hourly observations on
day 1, we commenced the daily observation for six
consecutive days. During the entire 7-day period, there
was no precipitation in the study area. Figures 6(a) to

6(f) illustrate the resistivity difference with respect to the
background at day 1. Figure 6(a) illustrates the finding
that, at day 2, regions exhibiting sporadic resistivity-
related changes over 1 ohm-m appeared near the surface
locations. The precise ranges of these locations are as
follow: from 1.5-m to 4-m, from 10-m to 13.4-m, from
25.4-m to 27.4-m, from 37-m to 38-m, and from 55.4-m
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to 59.5-m. Most of the regions were not deeper than 3-m
from the surface (Fig. 6). At day 3, the region between 37-
m and 38-m broke down into several smaller regions, and
the rest of the regions’ maximum changes in resistivity
increased to over 2.5 ohm-m (Fig. 6(b)). Regarding the
region that was from 10-m to 13.4-m, the maximum
change in resistivity increased to over 4 ohm-m at day 4
(Fig. 6(c)) and then decreased to about 3.0 ohm-m by day
5 (Fig. 6(d)). Figures 6(e) and 6(f) illustrate the same
trend of decreasing resistivity as that at day 5 for all
anomalous regions at day 6 and day 7.

Our examination of daily variations has helped us
to evaluate the range of daily variation and the trend of
daily resistivity change. In summary, the results of our
daily resistivity observations indicate that most of the
anomalous resistivity regions during the 7-day period
were located no deeper than 3-m from the surface. The
daily resistivity change varied systematically between
2 ohm-m and 5 ohm-m at the WNLPA site. The absence
of drastic daily resistivity variation over 5 ohm-m
implies that the resistivity variation at the WNLPA site
is progressive and that the long-term resistivity change
over this range can be viewed as the consequences of
accumulated short-term changes, rather than as short-
term peaks.

Monthly Variations in Resistivity

It was expected that the resistivity change of mud
volcanoes would take place around the vertical fault
fissures, as mentioned in the previous section. Therefore,
we used RIP measurements with the dipole-dipole
electrode configuration along the D and the E survey
lines. The observation period extended from July 2006
to April 2007. During the long-term observation, two
successive earthquakes with magnitudes of 6.96 and 6.99
hit southern Taiwan offshore of the Hengchun twon,
Pingtung County, on December 26, 2006 (Chen et al,
2008). The epicenters of the Pingtung doublet earth-
quake were about 120 km southwest of the WNLPA site
(locations of epicenters of the Pingtung doublet earth-
quake are indicated in Fig. 1). In the WNLPA area,
earthquake magnitude measured is about 5 (CWB,
2006) for the Pingtung earthquake. This major earth-
quake constituted an extraordinarily useful event for
our long-term resistivity study. Therefore, we took two
additional measurements immediately after the earth-
quake to evaluate whether or not the earthquake
significantly affected the activity of the mud volcanoes.

Based on background that we collected on July 22,
2006, Fig. 7 illustrates (1) the inverted long-term
resistivity of the D profile and (2) the difference between
the observed resistivity and the background. The
resistivity images of the D profile show that a relatively
resistive zone (resistivity higher than 5 ohm-m) existed

at the shallow subsurface above 181 m (about 0-m to
3-m in depth). We had identified this resistive region as
the near-surface vadose zone in the study’s first phase.
Before the Pingtung earthquake (Dec. 26 2006), the
major resistivity increase was in the vadose zone. Several
regions with resistivity anomalies less than 5 ohm-m
appeared sporadically in the vadose zone. In general, the
resistivity change before the earthquake was less than
the range of the short-term variation. Two days after the
Pingtung earthquake, the maximum resistivity increase
reached about 10 ohm-m, twice the short-term variation
range in the D profile. A similar increased resistivity in
the shallow subsurface was reported by Yang et al
(2002) after the Chi-Chi earthquake in the hanging wall
of the Chelungpu fault zone. By April 14, 2007, the
measured resistivity anomaly increased to over 12 ohm-
m near the S mud volcano crater. Unfortunately, we did
not have the day-to-day measurements to verify whether
these data reflected the real resistivity change near the S
mud volcano crater or were simply data offset owing to
an unidentified equipment-setup problem.

Figure 8§ shows the resistivity images and the
resistivity difference to the background of the E profile.
The images show that several anomalous resistivity
regions were developing above 3-m in depth in the
vadose zone throughout the monitoring period. The
maximum resistivity anomaly gradually increased and
reached about 12 ohm-m by December 17, 2006. On
December 28, two days after the Pingtung earthquake,
the E profile’s maximum resistivity increased to over
20 ohm-m near the surface. The earthquake-induced
increase in the E profile’s maximum resistivity was
about three times larger than that of the nearby D
profile’s maximum resistivity. The maximum resistivity
increases were over 20 ohm-m on January 14 and
February 28 in 2007, but only slightly greater than
15 ohm-m on April 14, 2007. In conclusion, the E
profile’s resistivity in the vadose zone increased to over
20 ohm-m owing to the Pingtung earthquake, and
slightly decreased four months after the earthquake.

Discussion

There are many possible reasons for the changes in
resistivity; such as temperature, precipitation, earth-
quake activity, and their subsequent influence (namely,
gas or fluid emissions from the subsurface). Since we did
not take measurements within three days following
precipitation events, we should be able to rule out
precipitation influence. Besides the precipitation, the
temperature may affect the resistivity variations. After
examining the daily temperature records during the
monitoring period (Fig. 9), we concluded that the
resistivity roughly decreases by about 0.7 ohm-m when
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Figure 7. Left: the inverted resistivity images of the D line with respect to the long-term monthly observation. Right: the
resistivity difference of the D line to the background data (July 22, 2006).
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December at the WNLPA site. Therefore, we suggest
that the decrease of resistivity in the vadose zone of the
D profile and the E profile most likely stemmed from the
earthquake activities.

In addition, there is a radon activity monitoring
site located about 500 m south of the WNLPA in the
Campus of National Kaohsiung Normal University.
Figure 10(a) shows the variations of radon activities
during 2006 and 2007. Unfortunately, the instrument
appears to encounter some problems in recording the

radon data in July and August of 2006 and also in
February of 2007. We found that the radon activity
recorded by the instrument seems to have gradually
recovered to a steady state after October 2006. In

25
. y = -0.7345x + 38.989
4 ‘_ - 2
20 0 TTTmeea A A R“=0.5992
; ¢ ¢ - -
=]
= 15
2 i - ]
= I = -
%’ 10 u] ~-4a
= & tine 0.6948x +29.5
= -0. X + .
50 Op-1ine v 2
R“=0.6258
0
24 25 26 27 28 29 30
Temperature (C )

Figure 9. Comparison of maximum resistivity of D and
E lines and the ground temperature before the Pingtung
earthquake. Dashed lines are the regression lines of the D
and E profiles.

the daily average temperature increases by 1°C. The
temperature was not likely the major factor causing the
abrupt resistivity decrease after the Pingtung earthquake
since the average temperature only decreased 5-7°C in

Fig. 10(b), we show the half-week maximum radon
activity from October 2006 to January 2007. The peak
values of the radon activity variations seem to be
correlated well with the highest and lowest temperatures
of every month, except for the peak appearing at the
time of the Pingtung earthquake. Although the radon
activities are affected primarily by the temperature, the
extraordinary peak at the Pingtung earthquake suggests
excess gas emission in the area. We further compared the
resistivity at 1.2-m deep to the methane gas flux collected
by Hong et al. (2009) at the surface in WNLPA. Methane
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(a) Radon activity records during 2006 and 2007. (b) Variation of half-week maximum radon activities from

October 2006 to January 2007. Black arrows show the highest temperatures of the month, and white arrows show the
lowest temperature of the month. (The time scale is converted into days since 7/22/06 to be compared with the

resistivity variations).
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Figure 11. Spatial distribution of 2-D electrical resistiv-
ity at a depth of 1.2 m and micro-seepage of CH4 flux
measured by Hong et al. (2009) in the WNLPA. Methane
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projected on those profiles for comparison.

Distance

measurements near the resistivity survey lines were
selected and projected onto the resistivity profiles. In
Fig. 11, the high resistivity regions can be correlated
to the areas with high methane flux. Therefore, we
concluded that the earthquake likely induced a greater-
than-usual emission of gas from the gas-saturated mud
fluid in fault fissures. The emitted mud fluid would have
formed a thin impermeable cap and the gas would then
have accumulated near the surface, resulting in the
decreased water content and the higher resistivity in the
vadose zone.

To estimate the change of water content in the
vadose zone at the WNLPA site, we took several soil
samples along the perimeter of the WNLPA site (because
no sampling is allowed inside the protection zone). We
conducted the “beaker test” in the laboratory to create
circumstances that would enable us to identify the
relationships between the water content and the resistivity
at the WNLPA site. Soil samples were heated for 24 hina
105°C oven and then packed, in equal parts, into several
1-liter beakers and weighed. The thickness of the soil

samples was maintained at least 6-cm from the bottom of
the beakers to ensure the absence of boundary interrup-
tions. We added various volumes of water into the beakers
and sealed the top of the beakers for a day. Next, the
beakers were weighed and the resistivity was measured
using a Wenner array with electrodes spaced 2-cm apart.
Lastly, the soil samples were weighted again to allow
correction for evaporation (loss of water) during the
measurements. The beaker test provides a quick way to
build the resistivity-“water content” relationships in the
laboratory. In addition, the test enabled us to easily
measure the oversaturated condition.

Though the WNLPA site is located in the
mudstone area, the grain-size analysis shows that soil
samples contained 4.0% clay, 67.1% silt, and 28.9%
sand. Researchers have proposed various empirical and
theoretical equations to describe the relationships
between water content and measured bulk resistivity
for soils and rocks, an example being Archie’s empirical
equation (Archie, 1942). In this study, we adopted a
single power-law function similar to that of LaBrecque
et al. (2002). The relationship between bulk resistivity
and water content can then be described as

p=a-67b, (1)

where p is the bulk resistivity, 0 is the volumetric water
content, and a and b are the empirical constants that
were determined through a comparison of measured
resistivity to water content in the beaker test. Noting
that parameters a and b might vary between the lab-
scale test and the field experiment, we used only the
empirical relationships built in the beaker test to
conduct a rough evaluation of the water content’s
variation range at the WNLPA site. Here, we deter-
mined a=3.5 and b=0.81 from the unsaturated results
of the beaker test shown in Fig. 12. Figure 13 shows the
variations of the maximum resistivity and the estimated
water content on the D and E profiles during the
observation periods. After the Pingtung earthquake, the
maximum resistivity increased by 10 ohm-m and 25 ohm-m
on the D and E profiles (Fig. 13(a)), respectively. The
estimated post-earthquake water content, however,
decreased by 7% and 10% for the D and E profiles,
respectively, in the vadose zone (Fig. 13(b)). The similar
water-content change of the D and E profiles further
indicates that the released excess gas caused by the
earthquake may be the reason for the WNLPA site’s
change in resistivity.

Conclusions

To examine the influence of fault activities on the
subsurface resistivity, we conducted a three-phase study
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Figure 12. The relationships between the water content
and the measured resistivity for the mud samples collected
at the area adjacent to the WNLPA site.

at the Wushanting Natural Landscape Preservation
Area site. In the first phase, we attempted to establish a
geological model by conducting resistivity imaging
surveys. Two isolated conductive regions were identified
at a depth greater than 4-m below the surface. The
positions of the conductive regions are correlated to
the two mud volcano craters at the surface. The
correlation suggests the locations of mud-fluid conduits
in the mudstone fissures. In addition, the location of
the unsaturated vadose zone is less than 4-m from
the surface at the WNLPA site, and the thickness of the
vadose zone decreases from the southeast corner to the
northwestern part of the WNLPA.

To examine the range of short-term resistivity
variation, we conducted hourly and daily measurements
along a fixed survey line in the second phase of the
study. The results of the hourly observations show that
most of the resistivity standard deviations were less than
1 ohm-m in the 7-hour period. The hourly observations
show no resistivity variation over 5 ohm-m during the
study period. This finding implies that the influences
from the hourly change of climate conditions were
minor during the observation period. In addition to the
hourly observation, the daily resistivity change varied
systematically within a range of 5 ohm-m at the
WNLPA site. Therefore, it appears that we can identify
the long-term changes in resistivity on the basis of the
short-term variations if the resistivity difference relative
to the daily background is greater than 5 ohm-m.

In the third phase, we tried to evaluate whether or
not the long-term resistivity variations were correlated
to the local tectonic activities. During the period, the
major changes of resistivity were located between the
surface and a depth of 3 m. On December 26, 2006,
doublet earthquakes occurred offshore near the town of
Hengchun in Pingtung, about 120 km southwest from
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Figure 13. (a) Variation of the maximum resistivity of
both the D line and the E line during the observation
period. (b) Variation of the estimated water content of
both the D line and the E line during the observation
period.

the monitoring site. The Pingtung earthquake provided
us a perfect opportunity to evaluate any change in the
study area’s resistivity. After the Pingtung earthquake,
the maximum resistivity anomaly increased to 7 ohm-m
and 20 ohm-m on two survey lines (D and E, re-
spectively). The estimated water content decreased by
7% and 10% in the vadose zone on the D and E profiles
after the earthquake. The similar water content change
suggests that the released excess gas caused by the
earthquake may be the reason for the decreased water
content and, thus, for the increased resistivity in the
vadose zone at the WNLPA site. From the results of our
study, we observed that the tectonic activities may have
significant influences on the vadose zone at the WNLPA
site. It is reasonable to expect that the pressure wave
may induce the release of a gas-saturated liquid from the
saturated zone and, thus, cause the decreased water
content in the vadose zone. This finding suggests that
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well-controlled resistivity imaging in the vadose zone
may provide researchers a useful and economical tool
with which they can evaluate the potential and the
actual effects of tectonic activities. Currently, we are
continuing our resistivity monitoring surveys and hope
to provide more data for evaluating the relationships
between released gas volume and tectonic activities.
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