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Abstract

Landslides are most common in steep areas with heavy rainfall. Aside from rainfall, there are numerous
other factors that contribute to landslides. The presence of slip fields in the subsurface layer is one of
the primary causative factors. South Makale is one of the sub-districts in Tana Toraja Regency that is
located in the mountains, where landslides frequently occur, claiming lives. The purpose of this study
was to determine the slip area of potential landslides in three sub-districts, which are Sandabilik,
Tiromanda, and Randan batu villages. The geoelectric method with the Wenner-Sclumberger
configuration type was used. The measurement data is in the form of rock resistivity values, which are
then interpreted based on the rock layer type. The findings revealed that the Sandabilik and Randan
Batu villages were landslide risk areas. Sandabilik Village has a slip area in the form of lava rock at a
depth of 6.5 - 19.8 meters on line 1 and 1.5 - 16 meters on line 2. Rocks of the same type can also be
found in Randan Batu Village, a landslide point with depths ranging from 2 to 16 meters on line 1 and
5 to 20 meters on line 2.
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Introduction regime changes (Brahmantyo & Yulianto,

2014; Kamur et al., 2020).
Landslides cannot be avoided without

mitigation measures. Many studies have Weathering and erosion are heavily
been conducted on various techniques for influenced by climate. Rainfall, water
estimating an area’s vulnerability to content (%), and water saturation (Sr, %)
potential landslides. Landslide are all terms used to describe the climate.
vulnerability is defined as the likelihood of The high intensity of rainfall, particularly
landslides occurring in a specific area in the on steep slopes, is one of the main factors
future, and it can be measured by supporting the occurrence of landslides. If
examining the relationship between certain the intensity of the rainfall is high, the soil
factors and the distribution of landslides water content will rise, causing the physical
(Yuliana et al., 2017). External causes of condition of the slope body to change.
landslides, according to Carrion-Mero et al. Increased water content weakens the soil's
(2021) and Baldermann et al. (2021), can be physical-mechanical properties and reduces
classified as  weathering  (physical, the slope safety factor (Gusman et al.,
chemical, and biological) and erosion, land 2018). Furthermore, landslides are more
subsidence, deposition, vibration, and likely to occur when rocks and slopes are
seismic activity, tephra fall, and water not compacted and easily degraded (Yilmaz

& Narman, 2015).
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South Makale is one of the sub-districts in
Tana Toraja Regency where landslides
occur more frequently than in other sub-
districts. Landslides in the sub-district
buried dozens of houses, cut off the main
road, and even resulted in the deaths of
landslide victims (Wahyuni et al., 2018).
One of the causes of landslides is the
presence of a plane that is suspected of
being a place for material to move, known
as a slip plane (Akmam et al., 2019). Slip
plane is also known as the boundary
between rock slides and hard rock that
serves as a foundation (Zakaria et., 2019).

According to preliminary research, which
included creating a map of potential
landslide-prone areas in Makale Selatan
District, Lembang Randan Batu has a very
high potential level of vulnerability, while
Tiromanda Village has a low potential level
of vulnerability (Saka et al., 2022). In
general, an avalanche will move the land/
plane above the sliding plane (Heradian &
Arman, 2015; Darsono et al., 2016). The
distribution of resistivity values beneath the
surface is determined by the rock's ability
to conduct electricity. Electric current is the
movement of electric charges such as
electrons or ions. lons move in the liquid in
the pores of the rock (Sutasoma et al., 2017;

Zaenudin & Dani, 2019). It is hoped that the
findings of this study will be used to inform
mitigation efforts undertaken by the local
government and the community in order to
reduce losses.

Materials and Methods

Makale Selatan is one of the Tana Toraja
district's sub-districts, with the sub-district
capital located in the Tiromanda sub-
district. South Makale sub-district is
located at 3°06'33" Sand 119°49'51" E. The
geoelectric method was used to conduct
research in three sub-districts: Sandabilik,
Tiromanda, and Randan Batu. Randan Batu
Village is prone to landslides every year.
The Wenner Schlumberger configuration
was used in this study. The Wenner
Sclumberger configuration's characteristics
are not very sensitive to horizontal changes
(Ramadhan et al., 2015; Hendri et al.,
2020). The current penetration, on the other
hand, is quite deep. This configuration is
commonly wused in a variety of
measurements, including slip plane,
underground river, and geotechnical
measurements (Telford et al., 1990;
Maharani et al., 2018). The study location
is shown in Figure 2.
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Figure 1. Makale Selatan district administrative map.
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Figure 3. Toraja geological formations (modified from Puslitbang Geologi, 1999).
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Figure 3 depicts the geological conditions
at the study site. The study site is in the
Tmps formation unit (Sekala Formation),
which contains lithology types such as
sandstones, conglomerates, shales, tuffs,

and basaltic andesitic lava inserts
(Massinai, 2018).
The Barupu  Tuff Unit  formed

independently of the Talaya VVolcano Rock
Unit and the Latimojong Formation. Tuff,
lapilli tuff, and Pleistocene lava breccias
make up this unit. Located primarily to the
south and east of the study area (Mangala et
al., 2017).

The Toraja Formation unconformably
overlaps the Latimojong Formation and is
unconformably overlain by Lamasi
Volcano Rocks (Toml), which are
composed of OligoMiocene or Late
Oligocene - Early Miocene volcanic rocks,
volcanic sediments, and limestones. The
Limestone Member (Tomc) of this volcanic
rock is aligned with the Riu Formation
(Tmr), which is composed of limestone and
marl. The Riu Formation is Early Miocene
to Middle Miocene in age, and it is
unconformably overlain by the Talaya
Volcanic Rocks (Tmtv) (Massinai, 2018).

The Schlumberger configuration was used
to retrieve geoelectrical resistivity data.
This measurement was carried out in
Sandabilik Village, Tiromanda Village, and
Randan Batu Village, all of which are in the
South Makale District of Tana Toraja
Regency. A single channel geoelectrical
resistivity meter was used in this study.
During the geoelectric measurement
activities at each research site, two lines
with a line length of 75-105 m were taken
to obtain a 2D subsurface cross-section.

Results and Discussion

Sandabilik Village

Figure 4 depicts the results of the
measurements taken in Sandabilik Village.
The first line coordinates are 3°7'15.50" S
and 119°47'43.40" E, while the second one
coordinates are 3°7'19.20" S and
119°47'42.50" E.

After  measuring and  processing
geoelectrical data on line 1, the subsurface
cross-section has a resistivity value ranging
from 1,64 t0 714 m .

GEOELECTRIC MEASUREMENT)|
MAP SANDABILIK VILLAGE
TANA TORAJA

T
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Figure 4. Sandabilik Village measurement locations.
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Table 1. The resistivity values for Line 1 in Sandabilik Village.
No Resistivity Value (Qm)  Depth (m) Interpretation

1 22.1-52.8 0-20 Soil
2. 1.64-9.29 15-16 Water-interspersed soil
3 126 — 714 6.5-19.8 Lavais a type of compact rock layer

The resistivity section in Figure 5 is divided
into three layers based on the resistivity
value, the first of which is a soil layer with
a thickness ranging from 0 to 20 m and a
resistivity value of 22.1 — 52.8 Qm. The
second layer is a layer of soil that has been
saturated with water, resulting in a
relatively low resistivity value because
water is a good current conductor. The layer

with the resistivity value 126 — 714 Qm can
be identified as a compact layer with a
lithology type of lava at depths ranging
from 6,5 to 19,8 m.

The subsurface section below shows the
results of geoelectrical measurements on
Line 2 of Sandabilik Village, which has a
line length of 75 m:

Table 2. The resistivity values for Line 2 in Sandabilik Village.

No Resistivity Value (Qm) Depth (m)

Interpretation

1. 40.4-101 0-16
2. 2.55-16.1 2-16
3 254 — 1601 15-16

The soil layer
Water-interspersed soil layer
Igneous rock layers in the lava

The second line in Sandabilik village is
suspected to have several types of
subsurface layers (Figure 6), the first of
which has a resistivity value of 40.4 — 101
Qm and is presumably a soil layer. Soil

Depth lteration 5 Abs. error = 15.3 %
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layers that have a resistivity value of 2.55 —
16.1 Qm are thought to be saturated with
water. Meanwhile, at a resistivity of 254 -
1601 Qm, the igneous rock layer is thought
to be a compact lava layer.

125f
375
638
926
124

: istoity
I N N N N (T (N [ N ([ O NN . .
9 1

528 126 300 74
Resistmty in ohm.m

Model resistrity with topography

Elevation . oration 5 Abs. erroc = 16.3

765
760190
755
750
745
740
) ) .

164 3% 929 221 528 126 300 74
Resistmty in ohm.m

Honzontal scale is 61.19 pixels per unit spacing
Vertical exaggeration in model section display = 0 61
First electrode is located at 0.0 m

Last electrode is located at 1050 m

Unit electrode spacing 5.00 m

Unit Electrode Spacing = 5.00 m

Figure 5. (above) Line 1 subsurface cross-section; (below) Line 1 subsurface cross-section with topography in
the Sandabilik sub-district.

Tiromanda Village

The geoelectric method was used to
conduct research in Kel. Tiromanda Kec.
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Figure 6. (above) Line 2 subsurface cross-section (b) Line 2 subsurface cross-section with topography in
Sandabilik Village.
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Figure 7. Tiromanda Village Measurement Locations.

Table 3. The resistivity values for Line 1 in Tiromanda Village.

No Resistivity Value (Qm) Depth (m) Interpretation
1. 13.8-46.8 0-16 The soil layer
2. 0.646 — 7.46 3-159 A sandstone layer that has been saturated with water
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Figure 8. (above) Line 1 subsurface cross-section; (below) Line 1 subsurface cross-section with topography in
the Tiromanda sub-district.

The results of geoelectric measurement
data processing in Tiromanda Village has
two layers. There are two types of layers: a
soil layer with a resistivity value of 13.8 —
46.8 Qm at a depth of 0 — 16 m, and a layer
with a resistivity value of 0.646 — 7.46 Qm
at a depth of 3 — 15.9 m, which can be
assumed to be sedimentary rock as
sandstone interspersed with water (Table 3
and Figure 8).

Randan Batu Village

The Lembang Randan Batu contains a
landslide point. Every year, landslides
occur in this valley, killing many people.
The coordinates of Line 1 are 3°8'52.90" S
119°48'16.40" E and Line 2's are 3°8'53.70"
S 119°48'16.96" E, as shown in Figure 9.

Line 1 has completed a 75-meter-long line.
Data processing can be seen at Table 4 and
Figure 10. The first is a layer of previously
weathered rock soil with a resistivity value
of 35— 21.2 Qm that is saturated with water
at a depth of 0 — 16 m. Layers with
resistivity values ranging from 36.7 — 110
Qm are thought to be at depths ranging
from 2 to 16 m.

The depth 20 m is obtained from interpreted
as layers of sandstone and lava in the
second line measurement with a line length
of 105 m (Table 5 and Figure 11). Layers
with resistivity values ranging from 6.13 —
969.9 Qm are thought to be sandstone
interspersed with water at depths ranging
from 0 to 20 m. Layers 5 — 20 m are
interpreted as lava with resistivity values of
193 — 768 Qm.

Table 4. The resistivity values for Line 1 in Randan Batu Village.

No Resistivity Value (Qm) Depth (m) Interpretation
1. 2.35-21.2 0-16 Water-saturated soil layer
2. 36.7 - 110 2-16 Lava

Table 5. The resistivity values for Line 2 in Randan Batu Village.
No Resistivity Value (Qm) Depth (m) Interpretation
1. 6.13-96.9 0-20 Water-filled sandstone
2. 193 -768 5-20 Lava
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Figure 9. Locations of Measurement in Lembang Randan Batu.
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Figure 10. (above) Line 1 subsurface resistivity cross-section (below) Line 1 resistivity cross-section with
topography at Lembang Randan Batu.

According to the interpretation of the
results of geoelectrical measurements, the
South Makale District has the potential for
landslides.  This is evident from

© 2023 Dept. of Geophysics Hasanuddin University
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found in Lembang Randan Batu, a landslide 2. Both areas have water-saturated soil
points with depths ranging from 2 to 16 above a layer of lava rock.
meters on line 1 and 5 to 20 meters on line
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Figure 11. (a) Line 2 subsurface resistivity section (b) Line 2 resistivity section with topography at Lembang
Randan Batu.

The lithology of the soil layers in the South precipitation occurred in the water-
Makale sub-district is composed of rocks, saturated zone, media conditions will
specifically sandstone, shale, tuff, and always be filled (saturated).
basaltic andesitic lava inserts. Tuff and lava
layers can be altered to form clay material, Landslide areas are typically associated
which can act as a slip surface for the with low resistivity and high-water content.
movement of the soil/ rock mass above it In this study, the soil is saturated with
(Nurhayati et al., 2016). Weathering of lava water, and the slip plane is typically made
rock can also contribute to mass movement. of a clay material with a higher resistivity
This movement can take place in either a (atini and Suyanto, 2018). If there is a lot
straight or curved glide plane. of rain, especially if it is heavy rain, and it
lasts for a long time in the two villages, it is
The slip plane is the material's resistivity likely that water will accumulate in the
contrast plane in the unsaturated and saturated layers, causing movement if an
saturated zones. The condition of the water avalanche occurs. This occurs because
contained in the cavity of the media, which rainwater seeping into the soft clay layer
is soil or rock, distinguishes the unsaturated causes the material's volume to change,
zone from the water-saturated zone. When causing the excess material to become more
there is no precipitation (the process of compact.
rain) in the unsaturated zone, the cavity
conditions in the media will be partially Due to the force of gravity, the compact
filled with air and partially filled with material becomes more slippery and serves
water, but if precipitation occurs, the cavity as the foundation for slipping weathered
conditions in the media can become material in the form of water-saturated clay
saturated with water due to the infiltration down the slope.

process (absorption of rainwater by land).
Meanwhile,  whether  good  water
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The high resistivity value on the results of
geoelectrical measurements indicates that
the potential for landslides in the Sandabilik
and Lembang Randan Batu sub-districts is
relatively high.

Based on previous research, Tiromanda
Village, which is in an area prone to
landslides, is also classified as low. Based
on the results of potential landslide
mapping with the ArcGIS software (Saka et
al., 2022). This also supports the findings of
geoelectrical measurements, which show
that the layer in Tiromanda Village is soil
saturated with water at a depth of 3 —15.9
meters and has no slip plane.

Conclusion

Based on the results of the two-dimensional
interpretation, it is possible to conclude that
the two South Makale sub-districts,
Sandabilik Sub-District and Randan Batu
Sub-District, have the potential for
landslide-prone areas. This is supported by
measurement results, which show the
presence of slip planes in the layers at 6.5 —
19.8 meters on line 1 and 1.5 — 16 meters
on line 2 in Sandabilik Village, and at 2 —
16 meters on line 1 and 5 — 20 meters on
line 2 in Randan Batu Village.
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