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Abstract

The slope failure can occur due to the soil on the slope area is relatively porous and the surface water is easily to move in the soil. The zone
of the weak zone of the soil should be detected early to avoid the ground mass movement on the slope area. This study is to investigate the weak
zone of the soil on the slope area of the hot spring tourism location using geoelectrical resistivity and soil property analysis methods. The Wenner
configuration with a total of 40 electrodes has been employed at each four resistivity survey lines. The electrode spacing was adjusted to be 2 -5
meter in order to get relatively higher resolution of the resistivity data. Soil samples were collected at several site to measure the soil
characteristics of the study area. The soil analysis results show that the study area consist of gravel, sand, clay, silt and weathered metasediment.
The geoelectrical resistivity model shows the relatively low resistivity value of about 30 ohm.m at the slope zone which is indicating that the soil
has higher porosity.Generally only a few locations with the weak soil zone detected in the slope of the hot spring area, however, it is not potential

for the ground mass movement due to the soil is relatively thin.
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1. Introduction

In the undulation ground zones, the mass movement are
often becoming a disaster that can cause loss of the wealth and
threat the safety of the human (Federico et al., 2018).
Landslides are a type of natural disaster that often occurs in
Indonesia. Generally, the movement between plates in the
subduction zones causes the ground surface morphology
varies from lowland to high mountains (Satoru et al., 2015).
Furthermore, as a country on the equator, Indonesia has
climatological conditions with high rainfall. High rainfall can
soften the soil which can cause dynamic forces resulting in
slope instability (Shuai et al., 2016).

The study of landslide has been conducted using various
method in the worldwide.Zbigniew (2018) identified the
landslide triggers bythe ‘nearly real-time’ observing methods
in the Carpathian Mountains. This area is one of the largest
landslide zones in Europe.Jie et al., 2018, detected and
characterized the displacement of the landslides by employing
multi temporal satellite, in the Dadu River, Danba County.
The research shown the potential landslides are detected from
the several sites. They suggested the guidelines on InSAR
applied in the study area. The successive landslide of dam
formation has been analysed using dissimilar triggering
mechanisms in Tangjiawan landslide, China (Xuanmei et al.,
2018). The high intensity of earthquakes and greattypical
uplifting rate were inferred as the contribution of succeeding
damming events.The runout simulations (Margherita et al.,
2018) was used to investigate the Cima Salti landslade in Italy.
In their research, the landslide was predicted travelled
transverselymotionless ice throughout the Lateglacial period.
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Then, the simulations were used as aninstrument in predicting
valley growth and also the natural risks.

Geoelectrical resistivity method has been used widely to
investigate the subsurface condition. The geoelectrical
resistivity method was also can be used to detect the thickness
of the peat soil and to predict the potential of groundwater
resources in the coastal area (Islami et al., 2018a). The method
was successfully employed to investigate the heavy metal
zone in the groundwater system. The zone of heavy metal can
be delianiated and mapped using this method (Islami et al.,
2018b). The geoelectrical resistivity also was success to
monitor the nitrate in the the shallow depth at the sandy soil
area (Islami, 2017). The nitrate movement direction was
clearly seen when it observed using the time lapse
geoelectrical resistivity monitoring.

In this research, the use of geoelectrical resistivity and
combined with the soil analysis method were used to
investigate the weak soil zone in the Hot Spring tourism area
of Rokan Hulu, Indonesia.

The interpretation of geoelectrical resistivity model was
improved by the direct resistivity measurement and soil
analysis result, so that the weak zone of the soil in the slope
area can be detected well.

2. The Study Area

The study area is located in the Hot Spring tourism
location, Rokan Hulu, Indonesia. The study area is mainly
surrounded by the thick secondary forest. Figure 1 shows the
location of study area that was obtained from Google Earth. In
the figure, the thick secondary forest is clearly surrounding the
pool of Hot Spring. The secondary thick forest situation can be
seen in the Fig. 1 (bottom).
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The study area consists of the Sihapas formation. The
Sihapas formation comprising carbonaceous shale, clean
quartz sandstones, conglomerate, and siltstones. The Telisa
formation also can be found in the study area. It is containing
of silty sandstone, calcareous to carbonaceous siltstones, and
shale. A very massive intrusion is also found in the study area
such consists of a cassiterite-bearing intrusion, granites, and
also some granodiorites with zones of cataclasis. The age of
intrusions are predicted of around the Jurassic zone. The in
trusion are bring into being about 2.2 km after the hot spring
to the south east path (Rock et al., 1983).

3. Methodology

The combination of three methods have been employed in
this research. They were the geoelectrical resistivity survey,
direct surface resistivity measurement and soil property
analysis methods.

3.1. Geoelectrical resistivity survey

The geoelectrical resistivity survey was used in this
research. Four lines of two dimension of geoelectrical
resistivity with the Wenner configuration was employed for
each survey lines. The home-made resistivity equipment was
used in the survey. The total data reading for each line is 190
data which the reading was measure until the twelve layer
measurement (n=12). The geoelectrical resistivity data then
processed using the Res2Dinv software. In this software the
real resistivity data was obtained and calculated based on the
model that is built based on the measured data (Geotomo,
2007).

Fig. 2 is the design of the geoelectrical resistivity survey.
For the each survey line, the first measurement was conducted
for the first layer data (n=1), which is the electrode spacing is
equal to a. Then, the second layer measurement is the second
layer data (n=2). The measurement was continued until the
twelve layer (n=12).
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Fig. 2. The design of geoelectrical resistivity measurement. In this
figure, total of the electrode is 19 with the n equal to 6 (adapted from
Geotomo, 2017)

3.2. Surface direct resistivity measurement

Direct resistivity measurement on the surface with small
electrode spacing was used for the improvement of the
resistivity interpretation. This measurements were done in
several sites with certain soil and rock condition. The data
from these measurement were used to help in the geoelectrical
resistivity model interpretation.

3.3 Grain size soil analysis

Soil samples were obtained from several location in the
study area, especially at the location where the direct surface
resistivity measurement was done. The soil was taken using
hand auger if the target of the soil was at the depth more than
20 cm. The soil sample then dried and measure it grain size
distribution and grouped based on gravel, sand, clay and silt.

4. Result and Discussion
4.1 The morphology of the study area
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Fig. 3 shows the contour map of the study area. In the
figure, it is clearly seen that the hot spring is situated on the
surface of about 82 m above sea level. The hot spring is
surrounded by the hill at the south part, the slope is relatively
step.
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Fig. 3. The elevation contour of the study area

As seen in Fig 4, the hot spring is situated at the lower part
of the hill. The hill should be assessed in term of the
possibility of it weak zone. It is very important as the hot
spring is very attracting the domestic tourist.
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Fig. 4. The 3D shape of study area

4.2 Geoelectrical resistivity survey

The map of the resistivity survey location can be found in
the Fig. 5. A total number of four resistivity survey was
conducted on the slope zone of the hill at the south and north
side of the hot spring location. In the map, the line survey is
indicated with the line colour yellow. The survey was
conducted at the thick secondary forest with relatively step of
the slope gradient.

Longitude

Fig. 5. The geoelectrical resistivity survey location In the.

The result of geoelectrical resistivity survey model is
given in the Fig 6. Fig. 6, the resistivity value for all resistivity
line survey has the range of about 60 ohm.m until more than
3000 ohm.m. This is indicating the subsurface consists of a
wide range of resistivity value. The resistive material such as
methasediment can be predicted occur at the subsurface such
as in Res Line 2, Res Line 3. The dark colour of brown-red is
indicating the resistive material. However, on the surface at
the several zone, the higher resistivity is also appeared. These
value, besides the hard rock material, it is also possible due to
the occurrence of the dried soil. In the Line 4, it can be seen
that relatively low resistivity value can be observed at the
surface, while the higher resistivity value of more than 3000
ohm.m can be found at the depth of 4 meter below the surface.
This value may indicate that the hard rock is available at the
depth

4.3. Direct resistivity measurement

Table 1 is the direct resistivity data measurement that was
obtained from the selected surface at the study area. The
measurement was done with 5 cm electrode spacing to make
sure that the soil is homogeneous. Consequently the amount
gotten is the real resistivity value with assumption that inside a
range of 5 cm, the measured material is similar (Telford et al.,
1990). Table 1 displays that comparative dry soil has an
average resistivity of 562.1ohm.m. The medium when
saturated by water, the soil resistivity declinesvividly to
83.7o0hm.m. The fresh methasediment has resistivity valueof
3286.1 ohm.m on average. Whereas it is in wet condition, the
resistivity become 1632.6ohm.m. Based on these data, the
zone with the relatively higher water content will be ranging
from 28.7-168.3 ohm.m.
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Fig. 6. Geoelectrical Resistivity model of Line 1, Line 2, line 3 and Line 4

Table 1. Direct resistivity measurement for small electrode spacing

Material Number of samples Range of resistivity Average resistivity (ohm.m)
(ohm.m)
Dried soil (relatively) 8 310.8-896.6 562.1
Water-filled soil 8 28.7-168.3 83.7
Fresh methasediment 8 2621.5-4328.5 3286.1
Wet methasediment 8 1376.2-3842.3 1632.6

4.4 Soil grain size distribution

Table 1 shows the grain size distribution of the soil sample
in the study area. The soil sample was taken at the interested
zone. The interested zone was defined from the result of
resistivity survey. The soil sample was taken mainly in the low
resistivity value in the geoelectrical resistivity survey.

Based on the data given in the table 1, there is no specific
trend can be recorded. However, in the low resistivity zone,
the sand content is relatively higher if compare to the another
location.

The resistivity survey was conducted where the rainfall
occur at the night before the survey. So that why the resistivity
value at the higher sand content resulting the relatively low
resistivity value.
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Table 2. Grain size soil distribution obtained from the surface and depth of less than 1 m

Sample ID Latitude Longitude Depth (cm) Gravel (%) Sand (%) Clay and Silt (%)
Soil - 01 0.8291051 100.26992 0 0 26.2 73.8
Soil - 02 0.8296326 100.26996 15 0 23.1 76.9
Soil - 03 0.8306599 100.27042 40 1.2 321 66.7
Soil — 04 0.8297298 100.27044 60 25 314 66.1
Soil — 05 0.8294105 100.27077 15 2.1 30.9 67.0
Soil — 06 0.8296326 100.27146 80 4.2 321 63.7
Soil - 07 0.8298407 100.27123 40 4.1 32.2 63.7

4.5 The weak soil zone on the slope area

Based on the geoelectrical resistivity data in Fig. 6, and
supported by direct surface resistivity measurement in Table 1,
and grain size distribution in Table 2, the weak soil zones can
be detected in the zone of low resistivity value as indicated in
the Fig 6. The low resistivity value in the Fig 6 due to the
occurrence of the water in the pore of the soil. However, the
higher resistivity value in the Fig. 6 is due to the hard rock.

In the Res Line 1, the weak zone can be found below the
32 m mark in the depth of 82 meter. However, this weak zone
cannot cause the possibility of the ground movement. It is due
to the zone is not available at the slope furthermore the zone
elevation is lower than the lowest surface there. When the
rainfall occur in the area, the weak zone detected in the
resistivity data will save the water. As the result, the weight of
the ground mass will increase drastically due to the present of
water in the pore. In wet climates, such as in the study area,
the climate factor that affects landslides is rain. The amount of
rainfall, intensity and distribution of rain determine the
strength of the dispersion (Shuai et al., 2016; Loredana, et al.,
2017;)

In the Res Line 2, the resistivity shows that there is no
possibility of the weak soil zone, infat the relatively higher
resistivity value can be found at the depth below than 75 m
above mean sea level. In the Res Lone 3, relatively low
resistivity value of about 300 ohm.m is the possibility of weak
soil zone. However the thickness of the soil is just less than 2
meter. That means, the possibility of weak zone is also can not
be found here.

In the geoelectrical resistivity survey of line 3, the
resistivity model shows a relatively lower resistivity value at
the surface until the depth of less than 2 meter from the
surafce. Below that, the resistiity value is relatively higher that
is indicating the hard rock material. Generally in this
resistivity line 3 model, the slope is relative stabil and there is
no indication of the weak soil zone.

In the resistivity survey of Line 4, almost of all zones are
the low resistivity at the surafce and until 2 meter depth. The
soil grain size distribution data shows that the low resistivity
value consits clay and silt. However, at this zone, the sand is
highest value if compare than the other lower resistivity value
in all the soil sample. However, based on the height of the
slope, the slope is quite gentel, so that the possibility of the
weak zone can cause the landslide is almost impossible.

5. Conclusion

The investigation of theweak soil zone has been
successfully done in the slope area of the hot spring tourism
location, Rokan Hulu, Indonesia. The geoelectrical resistivity
models show that there are some zones with relatively low
resistivity value. The low resistivity value is indicating that the
soil has the relatively porous so that it is possible to
accommodate water. The weak zone has been found in all the
geoelectrical resistivity models. However, the thickness of the
weak soil zone is relatively thin taht are laying on the hard
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rock material. Thus, these weak soil zone are predicted can not
cause any ground movement in the future.
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