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Abstract 
The research area is located in Banga, Soppeng Regency, South Sulawesi Province. The purpose and 

intent of this research is to determine the resistivity value of the material layer, identify the 

characteristics of the slip plane and its relationship to the plasticity properties and the characteristics of 

the clay minerals contained in the soil. The method used to collect field data includes surface geological 

data and subsurface geology, which are the electrical resistivity data and surface soil data, then 

interpreted by combining topographiccross-sectional data and subsurface geoelectrical data along the 

measurement path. The first slip plane is curved as well as the second slip plane is the residual soil 

resulting from weathering of limestone which is still above the less dense and thick parent rock (in situ). 

The geochemistry of the soil samples showed that the mineral content in each layer had the largest 

percentage of illite 54.4% - 69.9%, and montmorillonite 6.1% - 13.6%, these two clay minerals have 

large shrinkage properties. Plasticity Index 29.8% - 35.8%, causing vulnerability to the soil, so that the 

mass movement on the sliding plane is moderate and active in slow motion. The mass movement in the 

slip plane can be categorized into creep type. 
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Introduction 

The Banga area is a place for sampling soil 

and geoelectric data, mostly steep 

topography, which is traversed by 

connecting roads from Makassar to 

Soppeng Regency and from Soppeng 

Regency to Makassar. This road section 

often suffers from cracks and damage to the 

road body and certain parts collapse, so 

attention is needed from the local 

government, so that landslide – prone 

locations can be anticipated so as not to 

cause a disaster. 

 

Several studies to determine the slip plane 

using the geoelectric method have been 

carried out such as Permanasari et al. 

(2020) and Tejakusuma (2020), but this 

study tries to relate the soil and mineral 

content contained as a result of weathering 

of the bedrock whether it plays an 

important role in the occurrence of 

landslide both on a large and small scale. 

 

One of the factors that influence the cause 

of ground motion is the presence of a 

sliding plane or a shear plane. Generally, 

avalanches will occur above the slip plane 

so that the layers of soil or rock above it can 

move. Several methods can be used to 

identify slip planes, one of which is the 

resistivity geophysical method. The 

geoelectric method has the advantage that it 

is safe for the environment, low cost, and 

the type of soil layer can be recorded to 

great depths (Aweda et al., 2023; Bamerni 

and Mohammed, 2023), so this method is 

used in surveys to obtain subsurface data. 
The thickness of soil and clay minerals, 
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which have expansive properties, also 

contributes to the soil becoming plastic 

(Husain, 2015). 

 

In addition to the presence of slip planes, 

weathering of bedrock factors can produce 

different minerals contained in the soil, so 

that soil properties can be determined 

depending on the minerals formed during 

the weathering process of the original rock 

(Husain et al., 2015). 

 

Limestone (Figure 1) is the main 

constituent rock of the Banga area 

(Sukamto, 1982), is widely distributed and 

occupies the high-altitude area of the study 

site. The megascopic appearance of fresh 

grayish white color and blackish brown 

weathered color, consisting of grain, 

sparite, micrite in the form of calcite 

minerals is called Packstone (Dernaika et 

al., 2023). 

 

 
Figure 1. Limestone outcrop. 

 

Soil derived from weathered rocks that 

have undergone chemical and physical 

weathering, which does not undergo 

displacement in the parent rock, is called 

residual soil (Sudarsono and Hasibuan, 

2011), showing a dry brown color and a 

blackish brown color when wet. 

Methods 

The location for collecting geoelectric data 

(Figure 2), as well as for soil samples is 

carried out at coordinates between 

04°29'49" S – 04°31'18" S and 119°49'53" 

E – 119°51'23" E. 

 
Figure 2. Location of sampling. 

 

Preparation of equipment used in GPS 

surveys, a Brunton compass, a unit of 

resistivity meter and its accessories, and 

application program software, GIS (ArcGis 

9.3 MapsSource Garmin, Surfer 11 and 

Global Mapper 13) and resistivity 

application program (GeoRes v3. b14) and 

Res2DInv. 

 

The analyzed data is correlated between 

rock resistivity and geological factors, then 

converted from subsurface rock resistivity, 

so that the mineral resistivity value can be 

known (Martorana and Capizzi, 2023; 

Shanshal and Al-Mashhadany, 2023) and 

the type of subsurface material (Adam et 

al., 2023; Almeida et al., 2023). The 

resistivity measurement results are 

analyzed to obtain subsurface rocks, based 

on these values produce a two-dimensional 

profile image. 

 

Soil samples were taken using a hand auger 

at a depth so shallow that it could not be 

taken by the tool. Then the soil was 

analyzed using the XRD method to 

determine the mineral composition 
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contained in the soil. Soil samples were 

taken using a hand drill at a depth so 

shallow that it could not be taken by the 

tool. Then the soil was analyzed using the 

XRD method to determine the mineral 

composition contained in the soil. 
 

Results and Discussion 

Data collection using a multichannel 

geoelectric device with a Wenner 

configuration (Bundang et al., 2022; 

Amsah and Umar, 2020), measurements 

were carried out using a stretch length of 

150 m, electrode distance of approximately 

10 m. In this area there is evidence of 

ground movement, there are cracks above 

the highway and the road body is partially 

broken, the dimensions of the cracked road 

are 25 meters long, 5 meters high, 18o slope 

and 1-meter-thick soil. Dry brown soil and 

blackish brown wet soil, medium plant 

vegetation and crushed limestone. 

 

The data obtained after the apparent 

resistivity calculation is inverted with the 

Res2Dinv program. The result of the 

program inversion is a 2-dimensional 

resistivity cross-section (Aryadi, 2014), 

which can be seen in Figure 3. The 

interpretation of the lithological cross 

section based on the resistivity value. 

 

The data analysis produces variations in the 

resistivity value from 0.1 m to 274 m, it can 

be interpreted that there is an accumulation 

of water mixed with residual soil with a 

resistivity value of 0.1 m - 45.5 m. Located 

on the 15th to 135th meters with a depth of 

2.5-31.9 meters. The reason for the 

existence of the layer below is an 

impermeable rock layer where the nature of 

this layer is very difficult for water to pass. 

Furthermore, there is a second layer which 

has a resistivity value of 45.6 m - 100 m, 

which is interpreted as a layer of non-

resistant limestone and mixed with clay-

sized soil (clays). This layer also contains 

water caused by the lack of water in the soil 

layer because the rock layers below are not 

impermeable to water. Located at the 23rd 

to 60th meters and 58th to 125th meters at 

a depth of 2.5 to 10 m. 

 

The lowest layer is the rock layer with the 

highest resistivity value of 100.1 Ωm - > 

274 Ωm. The resistivity value can be 

interpreted as a layer of limestone (Azis et 

al., 2023; Rahmaniah et al., 2021). Located 

at 74 – 112 meters with a depth of 12.5 – 

31.9 meters. 

 

 

 
Figure 3. Geoelectric inverse section. 

 

Slip plan analysis 

Analysis of landslides that may occur above 

the slip plane can be determined based on 

field data processing in the form of surface 

data which is then combined with 

subsurface data from the results of 

geoelectrical analysis. Field data and 

geoelectrical data in an area are used to 

determine the direction of the avalanche 

slip plane. Field data and geoelectrical data 

in an area are used to determine the 

direction of the avalanche slip plane. 

Before carrying out the analysis of 
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determining the slip plane, it must first be 

known that places that are prone to ground 

motion can be seen from the slope, 

geomorphology, and constituent rocks. 

 

The interpretation of the geoelectrical 

resistivity inversion section shows the 

presence of a slip plane on this line. The 

low resistivity value is between the higher 

resistivity values to form a slip plane. This 

layer is easy to flow and erodes, layers with 

low resistivity values (0.1 m - 45.5 m) are 

residual soil as a result of weathering of 

sedimentary rocks, which is limestone with 

resistivity values of 100.1 m - 274 m as 

source rock (in situ). less dense and thick. 

 

The first slip plane was found at the 85th 

meter to the 43rd meter with a depth of 2.5 

meters to a depth of 20 meters. The 

direction of the slip plane relative to North 

to South is in the direction of the slope of 

the rock layers. 

 

XRD analysis test 

The weathering process will change the 

rock or dissolve some minerals so that it 

becomes soil, then transported and 

deposited as unconsolidated sedimentary 

rock. Some minerals dissolve completely 

and form new minerals. Soil composition 

does not only depend on the source rock 

(origin), they are all influenced by nature, 

intensity, and duration (length of time), 

weathering and the soil type depend on 

weathering process (Vieira et al., 2020). In 

chemical weathering water and dissolved 

gases play a very important role, while 

chemical weathering itself has the most 

important role in all types of weathering. 

This is why in the study of soil or clastic 

rock it has a mineral composition that can 

be very different from the rock of origin. 

 

The results of the XRD analysis on the top 

layer contained the following minerals 

(Figure 4): 

• Illite (Al4KO12Si2): 69.9% 

• Vermiculite (H2Mg3O12) 14.6% 

• Chlorite (H4Mg3O9Si2) 9.4% 

• Montmorillonite (Al2CaO12Si4) 6.1% 

• Kaolinite (Al2H4O9Si2) 0.0% 

• Aluminium silicate hydroxide 

(Al2H8O11Si2) 0.0% 

 

The results of the XRD analysis on the 

middle layer contained the following 

minerals (Figure 5): 

• Illite (Al4KO12Si2): 54.4% 

• Vermiculite (H2Mg3O12) 18.3% 

• Chlorite (H4Mg3O9Si2) 13.7% 

• Montmorillonite (Al2CaO12Si4) 13.6% 

• Kaolinite (Al2H4O9Si2) 0.0% 

• Aluminium silicate hydroxide 

(Al2H8O11Si2) 0.0% 

 

The results of the XRD analysis on the 

bottom layer contained the following 

minerals (Figure 6): 

• Illite (Al4KO12Si2): 65.5% 

• Vermiculite (H2Mg3O12) 22.6% 

• Montmorillonite (Al2CaO12Si4) 9.1% 

• Chlorite (H4Mg3O9Si2) 2.5% 

• Kaolinite (Al2H4O9Si2) 0.0% 

• Aluminium silicate hydroxide 

(Al2H8O11Si2) 0.0% 

 

Atterberg analysis test 

Classification of plasticity index and soil 

type, according to Table 1: 

Table 1. Plasticity index value and soil type (Chen, 

1988; Keskin et al., 2023). 

PI Property Soil Type 

0 Non plastics Sand 

< 7 Low plasticity Silt 

7 – 17 Medium plasticity Silty clay 

> 17 High plasticity Clay 

The results of data processing to determine 

the Atterberg test on the upper layer have a 

liquid limit value (LL) of 82.80%; plastic 

limit (PL) 50.02%; Plasticity index (PI) 

32.78%. The Atterberg test on the middle 

layer has a liquid limit value (LL) of 

82.80%. plastic limit (PL) 53%; Plasticity 

index (PI) 29.8%. The Atterberg test on the 

lower layer has a liquid limit value (LL) of 

79.56%; plastic limit (PL) 43.76%, 

plasticity index (PI) 35.8%.
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Figure 4. Diffractogram the residual soil of the top layer. 

 
Figure 5. Diffractogram the residual soil of the middle layer. 

 
Figure 6. Diffractogram the residual soil of the bottom layer. 
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The results of the calculation of the 

plasticity index can be concluded that the 

type of soil found in the study area is clay 

with high plasticity> 17% (classification of 

soil types based on high plasticity index, 

(Chen, 1988; Keskin et al., 2023)). The 

stability of the soil or rock that forms a 

downward slope can cause shear stress to 

develop intensively so that a slip plane is 

formed (Guo et al., 2023), explains that the 

movement occurs along the slip plane 

asynchronously. Rock fractures as the most 

influential factor in the process of forming 

the slip plane in these measurements. This 

can cause weathering that forms soil. Based 

on the XRD (X-Ray Diffraction) results on 

the sample, it shows that clay minerals are 

the dominant soil component so that a layer 

of clay is formed. The clay layer will be the 

infiltration boundary (discontinuous plane), 

which is the areas in the rock layers that are 

not continuous. 

 

The clay layer can form an impermeable 

layer that absorbs a lot of water when there 

is high rainfall. The accumulation of water 

will cause the clay layer to expand. 

(Swelling Potential), if evaporation occurs 

in the dry season, due to reduced water 

supply, the clay layer becomes dry, so that 

the soil layer shrinks (Shrinkage Potential), 

then the material above it is susceptible to 

shifting. 

Conclusion 

The clay minerals contained in the soil with 

the highest percentage values were Illite 

(Al4KO12Si2) 32.3% - 55.6%, Vermiculite 

(H2Mg3O12) 14.6% - 22.6%, 

Montmorillonite (Al2CaO12Si4) 6.1% - 

18.9%. These clay minerals will cause the 

soil to become expansive; the soil has a 

plasticity index value of 21.86% - 26.44%, 

is a high plastic type of soil. 

 

From the observation of the geoelectric 

stretch, the slip plane is found at the 85th 

meter to the 43rd meter with a depth of 1 

meter to a depth of 2.5 meters to a depth of 

20 meters. Curved shape with residual soil 

(0.1 m - 45.5 m) which is the result of 

weathering of limestone (100.1 m - 274 m) 

and remains on top of the parent rock (in 

situ). Mass movement will occur on a 

small-scale sliding plane and is actively 

moving slowly. Such mass movements are 

categorized into creep types. 
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