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The unique geological formations and environmental dynamics of 

cliffs underscore the significance of comprehending soil 

composition and structural integrity for diverse applications, 

such as infrastructure development and environmental 

conservation. Geoelectrical needs to be done because the 

underground geological conditions of the cliff must be researched 

and assessed first before construction is carried out so that 

construction failure does not occur. This research aims to reveal 

the subsurface characteristics of cliff soil in Sibang, Bali through 

geoelectrical investigation. This research was conducted by 

evaluating the soil condition in the field using the geoelectric 

resistivity method to the ability of a material to inhibit the flow of 

electric current and geological regional theories. At points BL-01 

and BL-04, there is a significant potential risk of landslides due 

to the thick layer of breccia, especially during high rainfall or 

additional loads in the area. Point BL-02 also has a potential risk 

of landslides due to the thick layer of basalt and wet sand. 

Meanwhile, points BL-03 and BL-05 are more ideal locations for 

construction because they consist of relatively stable hard rock. 

Point BL-06 outside the development zone has layers of gravel, 

weathered tuffa and andesite which could be considered for 

future development. Thus, a deep understanding of the geological 

characteristics of each point is important to manage risks and 

ensure the safety and sustainability of construction projects in 

that area. 
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1. Introduction 

Mountainous cliffs are dynamic geological features shaped by intricate interactions 

between geological processes and environmental forces. Understanding the subsurface 
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characteristics of cliff soils is crucial for various purposes, including infrastructure 

development, environmental conservation, and hazard mitigation [1][2][3]. Sibang is an area 

located in the southern of Bali, Island Indonesia. Geographically, Sibang is around the 

coordinates -8.5502427,115.233377.  

The region is renowned for its stunning natural landscapes and rich geological 

diversity. The existence of traditional Balinese villages that maintain local wisdom and 

authentic Balinese culture, creates special tourism potential in this region. Cliff land in Sibang 

has great potential for various developments that can support development and environmental 

preservation. The natural beauty and cliff landscape are the main attractions for sustainable 

tourism development. Infrastructure development such as roads or tourist facilities such as 

hiking trails and photography spots can increase tourist visits and have a positive impact on 

the local economy. In addition, preserved and conserved clifflands can play an important role 

in maintaining biodiversity and maintaining natural ecological functions[4][5]. 

To realize these things, the complexities of cliff soil dynamics need to investigate the 

subsurface characteristics of the cliffs in Sibang. The cliff areas in Sibang are prone to erosion 

and instability, posing significant risks to infrastructure, settlements, and the environment. 

This will provide a deeper understanding of the geological conditions and potential risks, 

thereby assisting in planning and sustainable development in the region. Previous research in 

geotechnical engineering has explored various methods to assess soil stability and subsurface 

characteristics in different geological conditions. One of the method that has been applied is 

geoelectricity studies, aimed to characterizing soil properties in urban environments. It 

investigates the relationship between electrical resistivity and soil texture, moisture content, 

and compaction. Findings indicate that geoelectrics offer valuable insights into soil 

characteristics in urban area, aiding in land use planning and infrastructure development 

[2][6][7]. Additionally, there is research exploring the use of geoelectrical imaging techniques 

for environmental characterization, particularly in identifying subsurface features such as 

contaminants and geological structures. Integration of electrical resistivity tomography with 

other geophysical methods has proven capable to delineating subsurface anomalies with high 

resolution [8][9][10]. The findings underscore the importance of environmental remediation 

projects and groundwater management. The lack of comprehensive knowledge about the 

subsurface composition exacerbates these risks, making it imperative to conduct a 

geoelectrical investigation to uncover vital insights into the soil structure and composition 

[11][9]. 
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While existing studies may offer valuable insights into geoelectrical methods and soil 

characterization techniques, they often lack the specificity required to address the unique 

challenges posed by cliff environments in this particular region [12] [13] [14]. Thus, 

geoelectrical methods emerge as valuable tools for analyzing soil conditions on cliffs in the 

Sibang region However, it's noteworthy that such research has not been conducted in this area 

previously.  This study aims to investigation geoelectrical to unravel the hidden attributes of 

cliff soil in Sibang, Bali.  By employing advanced geophysical techniques such as electrical 

resistivity tomography (ERT) and electromagnetic induction (EMI). An investigation will be 

carried out to map the subsurface structure, moisture distribution, and lithological variations 

along the cliff face [15][16][8][17][18]. Therefore, conducting geoelectrical studies in Sibang 

can provide better insights into subsurface soil characteristics on cliffs, which is crucial for 

infrastructure development and environmental conservation in the region. By unraveling the 

subsurface characteristics of cliff soil in Sibang, Bali, this research endeavors to provide 

valuable insights for informed decision-making and sustainable development initiatives in 

coastal regions worldwide. 

 

2. Research Method 

This research was conducted by evaluating the soil condition in the field using the 

geoelectric resistivity method to the ability of a material to inhibit the flow of electric current 

and geological regional theories. Both methods can very accurately produce rock consistency 

conditions in soil layers based on their depth. A total of, 6 measurement points were obtained 

which are listed in the measurement coordinate for the construction of resort villa plans in 

Table 1. Sampling was conducted for sounding and profile creation. Analysis was carried out 

to determine the rock consistency conditions within the soil layers at various depths. 

Table 1. Geoelectric Measurement Coordinate Points. 
 

No. Station UTM X Y 

1. BL-01 50 0303392 9052062 

2. BL-02 50 0303394 9052129 

3. BL-03 50 0303378 9052070 

4. BL-04 50 0303387 9052058 

5. BL-05 50 0303366 9052104 

6. BL-06 50 0303396 9052097 

Source: Field Data, (2023). 

Figure 1 shows each survey point has a depth of 60 meters from the ground surface. 

Geoelectric measurements typically involve conducting surveys at specific coordinate points 
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to map the subsurface characteristics of an area. These coordinate points are selected 

strategically to ensure adequate coverage and representation in Sibang, Bali. 

Sampling for sounding using stratified purposive sampling method, based on 

topographic levels or strata. Besides, the sounding path is also selected based on criteria as 

follows, track length ≥410 m, the track is straight, not winding. Several sounding paths are 

measured the parameters will use the configuration in Table 2, to determine resistivity 

variations below the surface in the vertical direction. In each, The track will be made at 6 

sounding points for electrode measurements. Sampling for profiling using stratified purposive 

sampling method, based on topographic levels. 

 
Source: Field Data, (2023). 

Figure 1. Geoelectric Measurement Coordinate Point. 

2.1 Geology Regional Theoris 

In general, the rock layers in the review area are Bayan-Bratan Group and Batur 

Volcanics (Qbb) as predicted by the geological description from (www.indonesia-

geospasial.com). In Figure 2 the following Geological map of soil investigation area in Bali. 

 

 

Source: www.indonesia-geospasial.com 

Figure 2. Geological Map of Soil Investigation Area 
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a. Bayan-Bratan Group and Batur Volcanics (Qbb) 

The Bayan-Bratan Group and Batur Volcanics (Qbb) mainly consist of tuffaceous 

and lavaceous. Tuff is commonly in a light to dark brown color due to the process of 

weathering and leaching of its mineral. In general, the mineral content of tuff is more complex 

in the deeper layer, such as iron, aluminum, peats, and clay. While material formed from 

volcanic mountains has coarse grain size like sand and gravel. 

Interpret the resistivity data in conjunction with stone-type information to 

characterize the subsurface geology. Table 2 is the correlation of resistivity data for Different 

types of stones.  

Table 2. Correlation of Resistivity Data with Stone Type. 

 
Source: www.indonesia-geospasial.com 

b. Structure and Tectonics 

Recognized structures in Bali are fault & lineaments, generally trending WNW-ESE 

with area minor NE-SW direction. The oldest tectonics in the area are presumed to be present 

in late Oligocene, followed by volcanic activities. Andesitic to basaltic volcanics of the 

Ulakan Formation is the product of this volcanism. The volcanic activity took place until the 

early Miocene, Late Mocene is characterized by the deposition of the Surga Formation 

containing volcanic product. During the Late Miocene – Early Pliocene, reef limestone of the 

Selatan Formation was deposited. 

The Southern area of the sheet. In the late Early Pliocene – early Late Pliocene 

volcanic activity led to produce the Pulaki Volcanics unit; followed by a deposition of the 

Prapatagung Limestone. Late Pliocene – Early Pleistocene is characterized by the deposition 

of volcanic breccia, lava, tuff, and fine to coarse clastic and carbonates. The volcanic activity 

takes place to the present time [19][20]. 

No Resistivity Ωm Color Rock Type

1 > 100.000 Andesite

2 20.000 - 50.000 Breccia

3 10.000 - 20.000 Lava

4 5000 - 10.000 Gravel

5 2000 - 5000 Tuff

6 1000 - 2000 Weathered Tuff

7 200 - 500 Sand

8 < 200 Weathered Sand
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Source: www.indonesia-geospasial.com 

Figure 3. Correlation of Map Unit of the Soil Investigation Area 

 

3. Results and Discussions 

3.1 Geology Regional 

The location of the BH 1 drill point shown above the cliff has changed from year to 

year. In 2021 it was shown that the cliff location had a slope. At the beginning of 2022, it was 

shown that the location of the BH 1 drill point had traces of landslides and there were traces 

of a rainwater path to the river, and at the end of 2022 the rainwater path was closed and had a 

slope. Meanwhile, in mid-2023, the condition of the BH 1 drill point location will have a flat 

area and the cliff slope will be even steeper [21][22][23]. With these conditions it can be 

concluded that this location is not original soil and the age of the soil layer is relatively young.  

 

Source: www.indonesia-geospasial.com 

Figure 4. Google Earth Analysis. 
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Significant changes in slope morphology and the surrounding environment can be 

important signs of potential geological hazards in the area. Therefore, it is recommended to 

immediately clean up the landslide material that is blocking the road and and not cutting down 

all the trees around the slope area. Combining geoelectric and soil investigations with 

landslide mitigation strategies can provide a comprehensive approach to address the 

underlying causes and potential risks associated with landslides.  

3.2 Geoelectric Measurement 

To obtain a subsurface model study location based on resistivity values, inversion 

was carried out on the five data obtained from each VES point whose results are shown in 

Figure 5 – Figure 10. The following are the results of geoelectric measurements at each 

point. 

 

Source: Field Data, (2023). 

Figure 5. Geoelectric Measurement Result at BH BL-01 Point 

The location of the BL-01 geoelectric point is in polygon zone 1 where the main 

building will be built, at this point it is in a location with a rather steep slope. From the 

geoelectric results for this point, it was found that there are 5 layers (rock layers) with a total 

depth reaching a depth of 60 meters from the top of the ground surface. At the top of this 

surface there is tuff and lava to a depth of almost 3 meters then below it to a depth of 6 meters 

there is weathered tuff with a thickness of about 3 meters. Under the weathered tuff layer, 

there is a breccia layer to a depth of 12 meters with a breccia thickness of almost 7 meters. 

After that, there is a layer of wet sand from a depth of 12 meters to a depth of 60 meters. With 

indications that there is thick wet sand supported by steep topography, this indicates a 

significant potential risk of landslides, especially during high rainfall or if there is additional 

load on the area. The breccia layer found beneath the weathered tuff layer is quite large in 

thickness, which can affect slope stability and amplify the potential risk of landslides if there 

is an external disturbance such as an earthquake or human activity. 
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Source: Field Data, (2023). 

Figure 6. Geoelectric Measurement Result at BH BL-02 Point 

BL-02 point is above a large boulder in zone/polygon 3 and in that area, judging 

from the sketch we received, it appears that a building will be erected in the area. At this point 

the top layer is filled with layers of gravel and breccia to a depth of 2 meters, below that there 

is sand with a thickness of 2 meters then there is a layer of lava to a depth of more than 10 

meters with a thickness of around 6 meters, there is a layer of wet sand from a depth of more 

than 10 meters to a depth of 60 meters. With indications that there is thick wet sand and there 

is some evidence of chunks breaking away from the parent rock, this has the potential for 

landslides if rainfall is intensive and there is a load on the area. 

 
Source: Data Analysis, (2023). 

Figure 7. Geoelectric Measurement Result at BH BL-03 Point 

BL-03 point is at the top in an area that is quite spacious and not steep in the area that 

will be built. At this point the top is filled with a layer of tuff and breccia to a depth of 2 

meters from the ground surface, below that there is a layer of sand to a depth of almost 6 

meters and below that there is a layer of gravel from a depth of 6 meters to a depth of 60 

meters from the ground surface. From result of geoelectric analysis, this point is ideal for 

constructing a building because judging from the layers, it is filled with relatively hard rock. 
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Source: Data Analysis, (2023). 

Figure 8. Geoelectric Measurement Result at BH BL-04 Point 

BL-04 point is at the top of BL-01 point in this area. The topography is quite steep, 

and around this area,.At the top of this layer consists of weathered tuff and lava to a depth of 

almost 2 meters from the ground surface, below the lava layer there is weathered tuff again to 

a depth of almost 6 meters. The breccia layer which is quite thick is in the fourth layer with a 

thickness of around 10 meters to a depth of almost 16 meters, there is a layer of wet sand from 

a depth of 16 meters to a depth of 60 meters. As at BL-01 point, with indications of thick wet 

sand and supported by steep topography, this has the potential for landslides if rainfall is 

intensive and there is a load on the area. 

 

Source: Data Analysis, (2023). 

Figure 9. Geoelectric Measurement Results at BH BL-05 Point 

BL-05 point represents the swimming pool and hall building. At the top of this 

layer consists of a gravel layer to a depth of 1 meter from the ground surface, then there 

is a layer of weathered tuff to a depth of almost 8 meters from the ground surface, after 

that there is a sand layer to a depth of almost 12 meters with a thickness of about 4 

meters, an indication of the layer. tuff ranging from a depth of 12 meters to a depth of 

60 meters. This area is ideal for building one or several buildings 
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Source: Data Analysis, (2023). 

Figure 10. Geoelectric Measurement Result at BH BL-06 Point 

BL-06 point is outside zone/polygon 2. At the top of this layer consists of a layer of 

gravel which is very thick to almost a depth of 10 meters from the ground surface, then there 

is a layer of weathered tuff to a depth of almost 20 meters from the ground surface with a 

fairly thick thickness of around 10 meters, below that is a layer Andesite from a depth of 

almost 20 meters to a depth of 60 meters above the ground surface. 

3.3 Description of Soil Type Based on Geoelectric Survey and Drilling Result 

Based on the results of the geoelectric survey at point BH BL-01, it is stated that the 

soil is dominated by cemented sand material attached to Figure 11. Meanwhile, based on the 

results of the drilling test, it is stated as follows: 

  

Corebox at 0 – 5 m  Corebox at 5 – 10 m 

  

Corebox at 10 – 15 m   Corebox at 15 – 20 m 

Source: Field Data, (2023). 

Figure 11. Corebox Soil Material 

76 - 81 

https://dx.doi.org/10.30737/ukarst.v8i1.5557
https://dx.doi.org/10.30737/ukarst.v8i1.5557


U Karst                                                      ISSN (Online) 2581-2157                                           

Volume 08 Number 01 Year 2024                                                                                                       ISSN (Print)   2502-9304 

Unveiling Subsurface Characteristics of Cilff in Sibang, Bali Through Geoelectric Investigation 

https://dx.doi.org/10.30737/ukarst.v8i1.5557 

 

Figure 11 above at a depth of 0 to 1 m is the Sandy silt soil type, at a depth of 1 to 4 

m is a sandy soil type, at a depth of 4 to 5 is weathered breccia rock, depth of 5 to 9 m is 

weathered breccia rock, at a depth of 9 to 10 m is a weathered breccia rock, depth of 10 to 15 

m is weathered breccia rock with a very dense consistency, and depth of 15 to 17 m is a 

weathered breccia, at a depth of 17 – 20 is a breccia and tuffa. 

The discovery of various types of soil and rock at various depths at the research 

location shows the complexity of subsurface characteristics in the region. The presence of 

clayey sandy soil at initial depths could potentially influence groundwater infiltration and 

increase the risk of erosion, while the presence of breccia rocks indicates a complex 

geological history and may be related to past volcanic activity. The discovery of breccia rocks 

that have been eroded at various depths reflects the weathering and degradation processes that 

occurred over a long period of time. The very dense consistency of the breccia rock at a depth 

of 10 to 15 meters indicates the possible presence of a strong rock layer below the ground 

surface, which could influence slope stability and geotechnical behavior in the area. In 

addition, the presence of breccia and tuff at deeper depths indicates the potential for older 

volcanic deposits below the ground surface, which could potentially influence the geology 

and hydrology conditions in the region as a whole. 

Based on the results documented in the core box above, it can be stated that the soil 

type is suitable based on the geoelectric survey and drilling tests that have been carried out. 

This supports that the type of rock is young rock with a discontinuous description (massive 

rock) which was destroyed by the drill bit during the drilling test [15][24] [23][25].In the 

analysis of geoelectric test results and secondary data, as well as the correlation of geological 

data maps, it was found that the field test results matched the secondary data of geospatial 

data. At the geoelectric test location, BL 01-BL 06 shows that there are varying layers of soil. 

The results show that the area generally consists of Sibang Bali, caused by weathered 

limestone, tuff, and sand.  

 

4. Conclusions 

Based on the results of geoelectric measurements, it can be concluded that the type of 

rock displayed at each survey point is a type of young rock formed from the weathering of 

rock or sedimentation of hardened lava and the bottom layer is dominated by cemented sand. 

Based on Google Earth data, it was found that the BL-01 area was formed by landslides that 

occurred in previous years, therefore it is necessary to analyze the Safety Factor values on  the 
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slopes that cover this area.  At points BL-01 and BL-04, there is a significant potential risk of 

landslides due to the thick layer of breccia, especially during high rainfall or additional loads 

in the area. Point BL-02 also has a potential risk of landslides due to the thick layer of basalt 

and wet sand. Meanwhile, points BL-03 and BL-05 are more ideal locations for construction 

because they consist of relatively stable hard rock. Point BL-06 outside the development zone 

has layers of gravel, weathered tuffa and andesite which could be considered for future 

development. Thus, a deep understanding of the geological characteristics of each point is 

important to manage risks and ensure the safety and sustainability of construction projects in 

that area. Combining geoelectric and soil investigations with landslide mitigation strategies 

can provide a comprehensive approach to address the underlying potential geological 

structures that may influence landslide susceptibility.  
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