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Tolnaku, a village situated in the Kupang Regency, East Nusa Tenggara, Indonesia, is an 

area susceptible to landslides. An investigation into the likelihood of slope failures in this 

locality is imperative for landslide mitigation. This study endeavors to elucidate the 

subsurface conditions and evaluate the physical parameters and contributing factors that 

could precipitate landslides in this territory. The method of geoelectric resistivity, 

employing the Schlumberger configuration, has been applied to discern the varieties of 

rocks and cavities present in this area. The data amassed through the resistivity survey has 

been processed and analyzed to delineate the subsurface strata and assess their stability. 

The findings indicate that clay and limestone are the predominant materials in this area, 

and are deemed unstable. Furthermore, cavities and voids were identified in this area, 

amplifying the probability of landslide occurrences therein. Ultimately, the Safety Factor 

(SF) was ascertained to be less than 1, robustly suggesting that the slopes are perilous and 

vulnerable to landslides. To alleviate landslide risks in Tolnaku, Continuous Monitoring, 

Infrastructure Strengthening, Community Education, Coordination with Local and 

National Authorities, and the Development of Spatial Regulations are advocated for the 

future. 
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1. INTRODUCTION

The instability of slopes in areas prone to landslides requires 

thorough investigation to understand the underlying 

geological and geophysical factors contributing to soil 

instability. One such area is the Tolnaku Village, situated in 

the Kupang Regency, East Nusa Tenggara, Indonesia, where 

significant landslides in 2009 highlighted the urgent need for 

a comprehensive landslide vulnerability analysis. The geology 

of this region showcases a complex stratigraphic composition, 

including the Bobonaro Complex (Tmb) and the Maubisse 

formation (TRPml), which potentially exacerbate the landslide 

risk. 

The stratigraphy in Tolnaku exhibits an intriguing 

juxtaposition of scaly clay, sandstone, and limestone as 

components of the geological composition of the region, along 

with the presence of holes or cavities within the limestone that 

may form as a result of groundwater flow within the limestone. 

These holes or cavities can lead to the possibility of subsidence 

in the area, as explained by Park et al. [1]. Previous studies 

have investigated the presence of holes or cavities in the 

limestone region using resistivity methods [1-3]. 

Prior landslide analysis has been carried out utilizing 

geoelectric resistivity data. The research area consists of clay 

that can cause instability on the slopes and trigger soil 

deformations, such as landslides [4, 5]. The application of 

geoelectric resistivity data for slope stability analysis in 

landslide areas has been carried out by Di Maio and Piegari 

[6]. Additionally, several researchers have also utilized 

geoelectric data for landslide mitigation or landslide disaster 

[7, 8]. Research on soil peak acceleration on landslides in 

Tolnaku Village has been conducted by Sianturi et al. [9]. 

However, the relationship between the geological properties 

of the Bobonaro Complex (Tmb) and the Maubisse formation 

(TRPml) and landslide vulnerability has not yet been 

sufficiently explored. Recent advancements in geotechnical 

studies have revealed more information about clay behavior 

on slopes and soil deformations associated with landslides, yet, 

the utilization of geoelectric resistivity data for slope stability 

analysis and identification of landslide potential is still 

relatively new in Indonesia. 

This study brings forth two novelties. Firstly, our innovative 

approach combines regional geological knowledge with 

geoelectric resistivity methodology, building upon the work of 

Di Maio and Piegari [6], to unravel the complex relationship 

between stratigraphic components and landslide risk in 

Tolnaku. Secondly, we tailor this methodology within the 

geological diversity of Indonesia and its potential natural 

disasters. 

By synergizing geological understanding with modern 

technology, our research aims not only to identify the factors 

contributing to landslides in Tolnaku Village but also to 

significantly contribute to disaster risk mitigation in the future. 

Through this interdisciplinary approach, we anticipate deeper 

insights into landslide threats in Indonesia, inspiring more 

effective disaster mitigation strategies. 

This study aims to investigate the factors affecting 

landslides in Tolnaku Village. To identify the types of rocks 

in this region, a resistivity method with Schlumberger 

configuration was applied. This is expected to provide useful 
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information for landslide mitigation in the research area. 

2. MATERIALS AND METHODS

The geoelectric resistivity measurements were performed 

on seven trajectories in the research area. One trajectory is at 

the Bobonaro complex, one trajectory passes through the 

Bobonaro complex and Maubisse formation, and five 

trajectories are in the Maubisse formation (Figure 1). The 

Schlumberger configuration is used with a space of 20 meters. 

The Schlumberger configuration possesses characteristics that 

enable this survey to measure resistivity up to a deeper extent 

compared to some other configurations. This is carried out to 

obtain information about the deeper subsurface layers, which 

is crucial for a better understanding of the geological structures 

and hydrogeological properties beneath the surface. 

The electrode spacing of 20 meters between the source 

electrode and the receiver electrode is a sufficiently large 

distance to measure the properties of rocks and groundwater at 

significant depths. If the electrode spacing is too small, the 

survey will only provide information about very shallow 

layers. With an electrode spacing of 20 meters, a fairly good 

lateral resolution is achieved, which can provide a better 

picture of the resistivity variations along the survey line.The 

rock layer patterns and slope of the slip field are determined 

based on the resistivity value using Res2Dinv software. 

Interpretation of resistivity values is made by referring to the 

data in Table 1. 

Figure 1. The regional geological map of the study area 

Slope stability analisys to evaluate landslide susceptibility 

in the study area was based on the safety factors (SF) on the 

trajectory.  

The safety factors with saturated soil conditions was 

calculated using Eq. (1) [10], where c, φ, α, γ and γ' are 

cohesion, friction angle, slope angle, volume weight of the 

saturated soil, and the volume weight of the effective soil, 

respectively. The safety factor >1 are considered safe in this 

study. 

SF=(c/(γ*H*〖cos〗^2 (α)*tgα)+(γ^'*tgφ)/(γ*tgα)) (1) 

Description: 

SF=safety factor 

c=cohesion (KN/m2) 

φ=friction angle (°) 

α=slope angle (°) 

γ=volume weight of soil saturated (kN/m3) 

γ'=volume weight of soil effective (kN/m3) 

H=thickness of the soil to be landslide (m) 

Table 1. Resistance and conductivity of rock type [11] 

Type of Rocks 
Resistance 

(Ωm) 

Conductivity 

(Siemen/m) 

Igneous and 

metamorphic 

rocks 

Granite 5×103-106 10-6-2×10-4

Basalt 103-106 10-6-10-3

Slate 
6×102-

4×107 

2.5×10-8 -

1.7×10-3

Marble 102-2×108 5×10-9-10-2

Sedimentary 

rock 

Sandstone 8-4×103 2.5×10-4-0.125

Shale 20-2×103 5×10-4-0.05

Limestone 50-4×103 2.5×10-4-0.02 

Soils and 

waters 

Clay 1-100 0.01-1 

Alluvium 10-800 1.25×10-3-0.1 

Groundwater (fresh) 10-100 0.01-1 

Sea Water 0.2 5 

Chemical 

Iron 9.074×10-8 1.102×107 

0.01M Potassium 

Chloride 
0.708 1.413 

0.01M Sodium 

Chloride 
0.843 1.185 

0.01M Acetic Acid 6.13 0.163 

Xylene 6.998×1016 1.429×10-17 

3. RESULTS

3.1 Underground structure based on resistivity map 

Based on the resistivity values, it was found that regions 

with a resistivity value of 0-100 Ωm are clay, those of 100-

4000 Ωm are limestone, and those of larger than 4000 Ωm 

contain a hole or cavity in limestone. Trajectories 1 and 2 

relatively cut the height contours and tend to be in the direction 

of ground movement. Since only trajectories 1 and 2 have slip 

fields, the analysis of landslide susceptibility was only 

performed on these two trajectories. Res2DInv will generate 

images or 2D resistivity profiles reflecting the subsurface 

structures. The 2D resistivity profiles are used to determine the 

layering pattern of rocks and the slope of the slip plane. The 

rock layering will be reflected in the resistivity value 

variations at different depths. The slope of the slip plane can 

be identified as a sudden change in resistivity along the 

measurement trajectory. 

Trajectory 1 is oriented from northwest to southeast, 

relatively cuts the contours of the altitude, and tends to be in 

the direction of ground movement. The inversion results 

(Figure 2) show that the resistivity values range from 1.38-

149.08 Ωm, indicating that this trajectory is mainly clay. 

Trajectory 2 is oriented from northeast to southwest, cuts 

the altitude contours, and tends to be in the direction of ground 

movement. The inversion result (Figure 3) reveals that the 

resistivity range from 0.0 to 5636.2 Ωm. Similar to trajectory 

1, clay is the majority material along this trajectory. Clay, with 

resistivity values between 0 and 100 Ωm, dominates to a 

height of 220 m with 80 m thickness. Meanwhile, limestone 

was found at altitudes of 220-190 m with resistivity values 

ranging from 100 to 4000 Ωm. Relatively high resistivity 

values (>4000 Ωm) observed in limestone at around 190 m 

were interpreted as a hole or hollow.  
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Figure 2. Inversion result of trajectory 1 

 

 
Figure 3. Inversion result of trajectory 2 

 

 
 

Figure 4. Result inversion of trajectory 3 
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Figure 5. Result inversion of trajectory 4 

 

 
 

Figure 6. Inversion result of trajectory 5 

 

 
 

Figure 7. Inversion result of trajectory 6 
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Figure 8. Inversion result of trajectory 7 

 

Trajectory 3 is oriented from west to east, is relatively 

parallel to the height contour, and tends to cut the direction of 

ground movement. The inversion results in trajectory 3 (Figure 

4) show that the resistivity value in trajectory 3 ranges from 

0.39 to 530.68 Ωm. Therefore, it can be interpreted that clay 

material is the majority of the material on this trajectory. 

Trajectory 4 is oriented from northwest to southeast and 

relatively cuts the contours of altitude. The inversion results in 

trajectory 4, as presented in Figure 5, show that the resistivity 

values in trajectory 4 range from 17.1 to 298476.19 Ωm. It can 

be seen from the figure that the majority of the material on this 

trajectory is limestone with a resistivity value of 100 – 4000 

Ωm. Similar to trajectories 1 and 2, there is a high resistivity 

value (larger than 4000 Ωm) observed in trajectory 4, 

interpreted as a hole or cavity found in limestone at 310 m. 

Holes and cavities are also found in limestone along 

trajectories 5, 6, and 7 as shown in Figures 6, 7, and 8, 

respectively. 

The inversion results in trajectory 5 are shown in Figure 6, 

where resistivity values in the trajectory are between 322.29 

and 7722.1 Ωm. On trajectory 5, it can be interpreted that the 

majority of the material on this trajectory is limestone with a 

resistivity value of 100-4000 Ωm. 

Trajectory 6 is oriented from northeast to southwest and 

relatively cuts the contours of altitude. The inversion results 

(Figure 7) show that the resistivity value ranges from 16.79-

358918.31 Ωm. The result can be interpreted to mean that most 

of the material on this trajectory is limestone with a resistivity 

value of 100-4000 Ωm. 

Trajectory 7 is oriented from northwest to southeast and 

relatively cuts the contours of altitude and cuts off one of the 

rivers in the research area. The inversion results (Figure 8) 

show that the resistivity value ranges from 322.81-4647.4 Ωm. 

The majority of the material on this trajectory is limestone 

with a resistivity value of 100-4000 Ωm. 

 

3.2 Safety factors 

 

From the laboratory test, we obtained a cohesion value (c) 

of 18.73 KN/m2, a friction angle (φ) of 13°, a volume weight 

of soil saturated (γ) of 19.97 kN/m3 and a volume weight soil 

effective (γ') of 9.78 kN/m3. The slope angle, average soil 

thickness, and safety factor calculated using Eq. (1) are 

presented in Table 2.  

Table 2. Slope angle, average soil thickness, and safety 

factor 

 
Parameter Trajectory 1 Trajectory 2 

Slope angle (𝛼) (°) 7.7° 9° 

Average soil thickness (H)  100 m 80 m 

Safety factor (SF) 0.92 0.81 

 

Table 2 reveals that the safety factors (SF) on slopes of 

trajectories 1 and 2 are 0.92 and 0.81, respectively, signifying 

that both slopes on these trajectories are categorized as unsafe, 

posing a potential threat of landslides. Observed from the 

perspective of rock slope inclinations, both slopes on 

trajectories 1 and 2 exhibit a tendency to ramp. The principal 

cause attributing to the unsafe status of these slopes is the 

presence of clay material, which induces instability. 

Corroborating discussions from the preceding section have 

highlighted that, according to resistivity values, five 

trajectories manifest holes or cavities within the limestone 

strata. These geological anomalies may lead to subsidence 

within the research area. 

The Safety Factor (SF) emerges as an indispensable metric 

for gauging the stability of a slope or a region susceptible to 

landslides [12-15]. It quantifies the capability of geotechnical 

constituents of slope materials, such as soil or rock, to resist 

forces prone to trigger a landslide, juxtaposed against the 

actual forces prevailing on the slope. The analytic 

underpinning of the safety factor lies in a comprehensive 

examination of geotechnical capacities. A battery of 

laboratory assays and in-situ explorations provide an in-depth 

assessment of the slope materials' shear strength, delving into 

critical shear strength parameters including cohesion and the 

angle of internal friction. These parameters are central to 

understanding material behavior under various stress regimes. 

Transitioning beyond mere comprehension, the essence of 

the safety factor encapsulates a rigorous scrutiny of forces with 

potential to initiate a landslide [16, 17]. Governed 

predominantly by gravitational pull, these forces could be 

intensified by additional external loads from construction, 

water saturation, or vegetation. The equilibrium, or lack 

thereof, between these forces and the geotechnical prowess of 

slope materials encapsulates the quintessence of the safety 

factor. At a more detailed level, the safety factor emerges as a 

numerical elucidation, derived from the ratio of the slope 
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material's shear strength to the shear stress imposed upon it. A 

safety factor exceeding 1 denotes a relatively stable slope, 

whereas a value below 1 portrays a heightened propensity for 

instability, delineating an escalated risk of landslides. 

Furthermore, the importance of the safety factor isn't 

confined to theoretical analyses. It finds tangible resonance in 

the realms of geotechnical engineering and environmental 

safety. Through rigorous analysis of the safety factor, 

engineering and environmental practices can cultivate robust 

mitigation strategies to augment slope stability or demarcate 

regions of high landslide susceptibility. This proactive 

methodology accentuates the pragmatic utility of the safety 

factor, spearheading initiatives to safeguard against landslide 

hazards and significantly contribute to ensuring environmental 

and human safety. 

In conclusion, the safety factor operates as a linchpin in 

assessing the stability of slopes and landslide-prone regions. 

Its nuanced understanding lays a robust foundation for 

fostering a harmonious interface between human 

establishments and the often capricious natural terrains. 

Through the thorough exploration and application of the safety 

factor, strides towards ameliorating the detrimental impacts of 

landslides can be significantly realized, heralding a safer and 

more sustainable interaction with our natural milieu. 

 

 

4. CONCLUSIONS 

 

These findings harbor immediate and far-reaching 

implications for the future of the region. Firstly, there's a clear 

necessitation for thorough geotechnical analysis and 

continuous monitoring to better understand the evolving 

nature of these risks and the specific areas most threatened. 

Secondly, these findings should act as a catalyst for the 

development and implementation of robust landslide and 

subsidence mitigation strategies aimed at reducing risks and 

protecting both human and natural assets. 

The dire need for proactive intervention cannot be 

overstated. Potential preventive measures could encompass 

soil stabilization techniques, drainage improvements to 

alleviate water saturation issues, and reinforcement of slopes 

using retaining structures. Also, establishing a monitoring 

system for early detection of soil movement could 

significantly mitigate risks. This system could incorporate 

state-of-the-art technologies like ground-penetrating radar and 

satellite imagery to provide real-time data on ground 

movements, enabling timely interventions before catastrophic 

events occur. Moreover, these findings suggest a crucial need 

for regional planning and policy formulation geared towards 

minimizing the potential impacts of landslides and subsidence. 

This could include zoning laws that restrict construction or 

other human activities in identified high-risk areas, coupled 

with rigorous building standards that demand construction 

practices designed to withstand such geotechnical challenges. 

Furthermore, community awareness and education programs 

about the inherent risks and the requisite preparedness 

measures are indispensable. Engaging local communities in 

disaster risk reduction activities and educating them on 

evacuation procedures during emergencies will foster a culture 

of readiness and resilience. Lastly, these insights beckon 

collaboration between governmental agencies, geotechnical 

engineers, environmentalists, and the local communities. A 

holistic approach, pooling expertise and resources from 

diverse stakeholders, will undoubtedly amplify the 

effectiveness of the mitigation strategies devised. 

In conclusion, the revelation of this data signals a clarion 

call for a concerted effort aimed at not only understanding the 

intricate dynamics contributing to the geotechnical instability 

of the area but also actively engaging in multidimensional 

strategies to avert a possible geotechnical disaster. The 

multidisciplinary approach in addressing these concerns 

heralds a stride towards a safer and more sustainable future for 

the region. 
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