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INTRODUCTION

ABSTRACT

Landslide disasters frequently occur in Tasikmalaya
Regency, with Salawu Village being at a medium to high ground
movement vulnerability zone. Steep slopes and quite high rainfall
dominate this area. This study aims to identify subsurface rock
types and model the slip plane by applying the dipole-dipole
configuration of the 2D geoelectrical method. The result can be
used as a mitigation measure to minimize losses if a landslide
disaster occurs. We measured the resistivity in five lines with
spacing between electrodes of 5 m with a total length of 275 m.
The data processing results indicate three classes of resistivity
values: a resistivity value under 25 Qm is interpreted as sandy
clay, a value in the range of 20-105 Qm as clayey/ tuffaceous sand,
and a resistivity of more than 80 Qm as volcanic breccia. The slip
area is sandy clay with a slipping mass of clayey/ tuffaceous
sand and volcanic breccia. Two of the surveyed lines have safety
factor values less than 1.00 (the slope is approximately 40°, and
the slip plane angle is between 33° and 35°), which means that
the area has an unstable slope. The small safety factors should
be a serious concern because landslides can occur at any time.
Moreover, breccia rock is one of the landslide materials that
would have a very destructive impact. To confirm the results of
this study, in situ geomechanical tests are needed in this area.

The movement of rocks in a vertical, horizontal, or inclined direction from their original position is
called a landslide. Landslides often occur during the rainy season, when water seeps into the ground
through rocks that can pass water (permeable) until the water is trapped in rocks that cannot pass water
(impermeable). Then, the land on top of impermeable rocks will experience weathering, which over
time will make the soil saturated with water, increasing soil weight. Subsequently, the slope becomes
unstable that the hill will move to find a new balance, and then a landslide will occur (Darsono et al.,

2012).
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Based on the 2021 Indonesian Disaster Risk Index, Tasikmalaya Regency has a natural disaster index
level of 186.51, which is classified as high, and the landslide risk index is 15.80, which is also ranked
high (Adi et al,, 2023). For example, the Tasikmalaya Regency Disaster Management Operations Control
Center said that there were 374 natural disasters in 2022, of which 240 were landslides, with losses
reaching 8 billion rupiah in 2022 (Miranti, 2022). Jahiang Village is one of the villages in Salawu District,
Tasikmalaya Regency, West Java Province, where landslides occur frequently. The Center for Volcanology
and Disaster Mitigation (PVMBG) said that Salawu District has the potential for medium to high-ground
movement (Kompas, 2011). The medium ground movement susceptibility zone has a slope of 5% - 15%
(8° - 26°), while the high movement susceptibility zone has a slope of 30% - 50% (57° - 119°). The
last occurrences of landslides were recorded in 2017 (Azwar, 2017), 2019 (Muslim, 2019), and 2021
(Analisa global, 2021). In a previous study, Sarah & Daryono (2012) carried out engineering geological
measurements to identify slow ground movement in Jahiang Village, Salawu District, Tasikmalaya
Regency, using local topographic capture, geotechnical drilling, hand drills, cone penetration tests,
and laboratory tests. The research obtained information on groundwater zones that influence slope
movement, thus indicating that the area is an active landslide area.

One influential factor of a landslide is the slip plane or slip surface. The land or landslide area above
this slip area is called landslide material. One method that can identify slip areas is the geoelectrical
resistivity method. The resistivity geoelectric method can describe subsurface structures based on
the electrical properties of rocks by injecting current into the subsurface with a current electrode and
then measuring the potential difference with a potential electrode (Dentith & Mudge, 2014; Reynolds,
2011). Commonly, the method is employed for groundwater prospecting (Antosia, 2023a; Antosia &
Ramdan, 2023d; Fatimah et al., 2021; Yuniardi et al., 2019) and geological assessment (Antosia et al.,
2023b, 2023c). Furthermore, the technique can also be applied to identify landslide zones (Darsono et
al,, 2012; Putra et al,, 2020; Taufiqurrohman et al,, 2017) and analyze ground movement (Djakamihardja,
2008; Wakhidah et al., 2014). The landslide is a slow movement involving residual soil from soft to
dense sandy clay, clayey to thick sand, and fresh to weathered breccia rock. The resistivity technique
can roughly depict impermeable and porous layers among those rocks/layers.

The dipole-dipole array is generally used for mineral exploration (Arifin et al., 2019; Dewi et al., 2017)
and cavity/void detection (Al-Oufi et al,, 2012; Stevanato et al., 2019; Vargemezis et al., 2015). In this
study, we applied the array because of its lateral sensitivity, particularly to boulder anomaly. Based on
the previous explanation, the breccia rock can be found in the area. Therefore, with the implementation
of the dipole-dipole configuration, we wanted to identify the possible boulder size of rocks. Such a layer
can act as a slip plane or sliding rock mass. Furthermore, after the slip plane was approximated, the
factor of safety was also be calculated.

GEOLOGICAL SETTINGS

This study is conducted in Jahiang Village, Salawu District, Tasikmalaya Regency, West Java Province.
Geologically, Tasikmalaya Regency is in the formation of the Quaternary Volcanic Zone, Central Depression
Zone, and Southern Mountain Zone. Tasikmalaya was previously known as Tawang/ Galunggung, meaning
broad rice fields in Sundanese. After Mount Galunggung erupted, the Tawang area turned into a sand
area, so this area’s name was changed to Tasikmalaya, where “Tasik” means lake and “Malaya” means
dunes in Sundanese. The Central Depression Zone is in the central part of Tasikmalaya Regency and has
steep hilly topography separated by valleys, resulting in mountain folds (Intermontane depression) due
to tectonic activity. The Southern Mountain Zone, which is dominated by highlands of limestone areas,
stretches from Pelabuhan Ratu to Nusakambangan Island, where limestone caves can be found. This
area indicates that it was once under the sea and uplifted by tectonic energy (Van Bemmelen, 1949).
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Figure 1. Geological map of the study area (modified from Budhitrisna, 2010).
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Figure 1 indicates that Salawu District is dominated by rocks with the Tmbs, QTv, and Tmpb formations.
The Tmbs Formation (Surajara member) consists of sandy and reef limestones. The QTvc formation
(the product of old volcanoes) consists of volcanic breccia, tuff breccia, and lava with andesite to
basalt composition from Mount Cikuray. The Tmpb Formation (span formation) consists of tuffaceous
sandstone, sandstone, calcareous sandstone, conglomerate, tufa, tuffaceous claystone, tuff breccia,
calcareous breccia, limestone, claystone, and lignite inserts (Budhitrisna, 2010). Geographically, the
region is located on the boundary line 108°02’-108°03’ East Longitude and 7°38’-7°41’ South Latitude,
with the size of the study area being about 300m XX 300m. The location is hilly, with topography
sloping to the northwest in general. Its slope ranges from 20° to 40° (Figure 2).
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Figure 2. Data acquisition map of the study area. Line 1 - 5 are the survey lines.
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METHODS

The resistivity geoelectric method is the study of the electrical resistance properties of rock layers in
the earth. This method injects current (I) through two current electrodes (A and B). Then, the potential
difference (AV) is measured through the other two electrodes (M and N), from which the variation in
the type resistance value of each layer below the measuring point will be determined (Dentith & Mudge,
2014; Reynolds, 2011). The measured resistivity value is called the apparent resistivity (p, ), which is
written using the following equation

pa = K () W

In the dipole-dipole configuration, the distance (a) between the current electrodes is the same as
between the potential electrodes. The electrode distance multiplying factor (n) is implemented to obtain
the distance between the current (A) and inner potential (M) electrodes (Figure 3). Variations in n are
used to obtain specific depths. The greater the n, the greater the depth obtained. The level of range
sensitivity in the dipole-dipole configuration is influenced by the magnitude of a and variations in n
(Rachmawati et al., 2021). The imaging of the dipole-dipole configuration is comparable to the pole-
dipole configuration. It is better than other configurations, especially in areas with vertical structures
and steep slopes, but the depth resolution is not the best (Dahlin & Zhou, 2004). To calculate the value
of the geometry factor (K) for the dipole-dipole can use the following equation,

K=man+1)(n+2) (2)

(all units in the equations (1) and (2) are in the International System).

Figure 3. Dipole-dipole array illustration for the 2D resistivity method (modified from Cozzolino et
al.,, 2022).

Figure 3 presents the measurement illustration of the dipole-dipole configuration in the 2D resistivity
technique. The data in this study consisted of 5 straight lines with a spacing between electrodes of 5 m
and a length of 275 m. Lines 1, 4, and 5 are in a southeast-northwest direction, while the others are in
a southwest-northeast. The data acquisition design can be seen in Figure 2. With these lines, we expect
to cover the slip plane analysis in the area as an initial assessment to mitigate the landslide.
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Figure 4. Flowchart of the Res2DInv software (Akingboye & Ogunyele, 2019).

Field measurements only produce apparent resistivity values, so inversion modeling must be carried
out to approximate actual resistivity values. The observation data are expected to provide information
about the physical properties of rocks and the condition and geometric location of subsurface anomalies.
The relationship between the physical properties of the rock and the observation data, then, can be
modeled mathematically based on physical parameters from observation data. We used Res2DInv for
the 2D modeling. The outcome was the pseudosection model of the estimated actual resistivity in the
subsurface. The software’s step process can be viewed in Figure 4. In the inversion process, an iteration
was performed to produce a minimum RMS error value. The number of iterations used in this study was
ten times, which is commonly sufficient to get a minimum error. The error showed the level of match
between calculated data and observation data. The more significant the RMS misfit value obtained, the
more the 2D observed section would not match the computed data section and vice versa. The better
the calculated data was fitted to the observation one, the more significant the subsurface 2D resistivity
model was generated, which was then correlated with the geological map of Tasikmalaya, West Java
(Figure 1).
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Figure 5. Slip plane diagram (modified from Sivakugan et al.,, 2013).

Afterward, the factor of safety (FS) was calculated manually from the interpreted resistivity pseudosection.
The purpose was to assess the slope stability. According to Sivakugan et al. (2013), the FS computation
refers to the Mohr-Coloumb failure criteria. It relates to the strength of the slip plane to withstand the
mass at the top of the slip area. Its formula can be written as follows,

_ 2c sini tan ¢ (3)
o YH sin 8 sin(i—8) tan 6

with,
Y = weight density (kN/m?),

EFS

¢ = cohesion stress of the slip plane (kN/m?),
H = height of the slip plane (m),

¢ = friction angle of the slip plane (°),

i,8 = angle of the slope and the slip plane (°).

RESULTS AND DISCUSSION

The resistivity distribution in the study area ranges from 1.0 m to more than 300 £am. Overall, the
RMS error of the models is approximately 9% to 20%, resulting in the generated resistivity model
being appropriately favorable. Lines 2 and 3 cross the other sections. Both have a similar topographic
surface at the start of each line, almost flat, and the elevation is increasing at the end. The others also
have an identical terrain from the beginning of the line, declining until the end of each line, although
the first line does not seem too steep compared to lines 4 and 5. These outputs are shown in Figure 6.
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Figure 6. 2D resistivity distribution in the study area, (a) line 1, (b) line 2, (c) line 3, (d) line 4, and (e)
line 5.
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Figure 7. 2D rock model in the study area, (a) Line 1, (b) Line 2, (c) Line 3, (d) Line 4, and (e) Line 5.

According to Sarah & Daryono (2012), the rock type in the study location consists of sandy clay, clayey
sand, and breccia. To define those rocks from the resistivity values in the 2D sections, we refer to
Harja et al. (2023) and Widodo & Irawan (2019). Hence, the resistivity distribution of each layer is
presented in Table 1. Then, the estimated rock profile of each pseudosection can be viewed in Figure 7.
The slip plane from profiles 2 and 3 cannot be determined due to their relatively flat slopes. However,
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the other profiles have a slip plane from the middle to the end of each line, and its direction is to the
northwest. In this case, sandy clay is the layer that acts as a slip plane because of its impermeability
characteristic. This sandy clay rock cannot pass water well, so water cannot flow to the layer below it
but flows towards the slope, which can cause landslides. It has a depth of approximately 5 m to 10 m
from the ground surface. The rocks above, which consists of clayey/tuffaceous sand and breccia, are the
slipping mass. Clayey/tuffaceous sand has a better permeability than others in this study case (Table 2).
Its mass would increase when saturated by rainwater. This event might cause the sandy clay’s surface
to become slippery. Then clayey/tuffaceous sand would slip, the breccia might be pushed to drop, and
both would fall down the slope.

Regarding this analysis, the resistivity technique with the dipole-dipole configuration can delineate
the high resistivity distribution associated with volcanic breccia. From the results, it has a boulder
shape on each profile and a layered-like rock on the top of profiles 1, 4, and 5. This objective study of
the dipole-dipole use is achieved. The breccia layer is in the near-surface. According to Table 2, this
type of rock has the highest weight density and cohesion stress. These parameters mean that it has
better compactness and rigidity than sandy clay and clayey sand. Hence, the presence of this breccia is
significant since if it slips it would seriously damage the area affected by the landslide.

Table 1. Rock interpretation from resistivity value.

Resistivity (Qm) Rock type

<25 Sandy clay
20-105 Clayey sand/ tuffaceous sand
>80 Volcanic breccia

Table 2. Soil/ rock mechanics parameters (Sarah & Daryono, 2012).

Soil/ rock property Sandy clay Clayey sand Volcanic breccia
v (kKN/m?) 18 16,4 19

Permeability (m/day) 0.03 0.32 0.0026

0 (%) 12.00 - 21.30 13.00 - 25.98 35.00

¢ (kN/m?) 6.00 - 21.74 6.00 -12.50 150.00

00

6201 .
slip plane
6001
580

5601

520

500

Figure 8. The simple assumption of slope and slip angles refers to Figure 5.

Based on the assumption of slope and slip angles (Figure 8), we calculated the Factor of Safety (FS)
using Equation (3). Each section’s slip and slope angles can be manually estimated from the three
models in Figure 7 that indicate the slip plane. The first profile (Figure 7(a)) has a slope and slip angles
of about 20° and 10°, respectively, with an estimated slip height of 20 m. Then, the fourth and last
profiles (Figure 7(d-e)) have similar slope and slip values, approximately 40° for the hill and 33°-35°
for the slip plane angle, with a slip height of about 40 m. We applied the soil and rock mechanics data
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from Sarah & Daryono (2012), which is displayed in Table 2. The first line factor of safety is more than
1.35, and the other two (profiles 4 and 5) have a safety factor of 0.41-0.95. The results of referring to
the Bowless criteria show that line 1 has a sound slope stability. Meanwhile, the slope in lines 4 and 5
is unstable, which means a landslide would happen if the rain falls frequently in the area.

The 3D presentation of the model (Figure 9) displays the slip area and the approximate landslide-prone
zone. Figure 2 indicates that the profiles of lines 4 and 5 cross the residential area. That part of the
area requires intensive attention from the local government and community to mitigate the disaster.
While this study provides the possibility of a landslide occurring in the location, further comprehensive
surveys for the in-situ geomechanical tests are required to confirm this study’s analysis.

D>

slipping
zone

Sr

slipping zone

Figure 9. 3D cross-section visualization of all profiles.

CONCLUSION

The outcome of the 2D resistivity method is the resistivity distribution related to the geological rock
profile. In general, the models indicate three classes of resistivity, which are low, medium, and high
resistivity. The resistivity property is associated with permeability and compactness parameters. A value
under 20 {dm is considered a low resistivity, interpreted as sandy clay, which has medium permeability
(impermeable) and minor to medium cohesion stress. The value of about 20-80 {1Qdm is defined as clayey
sand. It has high permeability, eases water flow, and has minor to medium cohesion stress. This cohesion
parameter of sandy clay and clayey sand explains that they can be quickly loose. A value above 80 £2{lm
is assigned to volcanic breccia, which has the highest cohesion value, far higher than that of other rocks.
The breccia is physically almost massive and stiff, so it refers to a high resistivity. In contrast, it has a
far smaller permeability value than the others, meaning it almost perfectly cannot absorb and flow the
water. The breccia is described well in each profile in this study. This rock’s layer would be hazardous
when it becomes a slipping material when a landslide occurs. Furthermore, clayey/tuffaceous sand is
the layer beneath the breccia, and the slip plane is sandy clay. There are spots with safety factor values
under 1.00, which means that the slope in Jahiang Village, Salawu District, generally has weak stability.
A subsequent study of in-situ soil /rock mechanics survey is required to confirm these results because
some areas need intensive attention regarding the possibility of a landslide occurrence.
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