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ABSTRACT 
 
This study employed the Electrical Resistivity Imaging (ERI) technique in the Felda Tersang 02 area 
of Raub, Pahang, to address the region's water supply issues. The study area is primarily composed 
of sandstone, slate, and dacite. Groundwater, critical for sustaining agricultural and industrial demands, 
is rapidly depleting due to unsustainable extraction. However, since the underlying geology and 
hydrogeology are complex, investigating and assessing groundwater sources can be challenging. By 
measuring the electrical resistivity of underlying materials, a geophysical technique called Electrical 
Resistivity Imaging (ERI) is used to map and evaluate groundwater sources. Each survey line is 200 
m long with 41 takeouts spaced 5 m apart, using the Schlumberger and pole-dipole configurations. 
The study's findings will aid with groundwater resource management and provide a deeper 
understanding of the region's subsurface geology and hydrogeology. The 2D pseudosection results for 
all three survey lines reveal a significant accumulation of groundwater in a large geographical area. 
The identified low-resistivity range (0–100 Ωm) serves as a significant indicator of water-bearing 
formations, providing valuable insights into the area’s groundwater potential. 
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1. INTRODUCTION 

The growing pressure on groundwater resources, 
driven by rapid population growth, industrial development, and 
agricultural expansion, has created a critical need for effective 
and efficient groundwater management strategies (Soekarno 
et al., 2024; Petrick et al., 2023). As freshwater resources 
become increasingly scarce and surface water bodies 
continue to deteriorate in quality, reliance on subsurface water 
has intensified. Consequently, interest in groundwater 
exploration has expanded significantly to meet the escalating 
water demand (Suryadi et al., 2019). Pollution, urbanization, 
and climate variability further compound this growing 
dependence on underground water, exerting additional stress 
on aquifer systems and threatening the sustainability of 
groundwater supplies. Hence, the increasing challenges 
compel hydrogeologists and water resource managers to 
adopt innovative and integrated approaches that provide both 
spatial and temporal information on groundwater systems for 
sustainable management and protection. 

Electrical Resistivity Imaging (ERI) has emerged as 
one of the most powerful and widely adopted geophysical 
techniques for groundwater exploration and environmental 
investigations. The method offers a reliable means of 
examining subsurface characteristics by measuring the 
variation in electrical resistivity of geological materials. It 
allows for detailed analysis of soil and rock properties, 
stratification, and subsurface heterogeneities, as well as the 
identification of cavities, fractures, and saturated zones that 
exhibit distinct physical contrasts relative to their geological 
surroundings (Dor et al., 2011). Numerous studies have 
demonstrated that ERI is among the most effective and 
versatile non-invasive geophysical methods for groundwater 
assessment and environmental studies (Azhar et al., 2016; 
Saad et al., 2012). ERI’s ability to map lithological variations 
and delineate potential water-bearing zones enables it to 
serve as an indirect indicator of groundwater distribution and 
quality. It can detect areas of varying salinity or clay content, 
which are essential for identifying aquifer boundaries and 
contamination zones. This is particularly advantageous in 
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tropical regions such as Malaysia, where deep weathering 
profiles, heterogeneous soil layers, and fractured bedrock 
often create strong resistivity contrasts that can be effectively 
visualized through ERI surveys. For instance, Abdul Nassir et 
al. (2000) successfully applied resistivity imaging to delineate 
groundwater aquifer boundaries, distinguishing between clay 
and sand layers, and differentiating between fresh and saline 
groundwater zones. A key advantage of ERI lies in its non-
invasive and eco-friendly nature, minimizing environmental 
disturbance while yielding critical subsurface data (Adeeko & 
Nordiana, 2018). 

According to Acworth (2001), ERI provides an 
invaluable non-destructive means of obtaining subsurface 
information essential for hydrological assessments. The 
technique enables the visualization of underground structures 
without the need for extensive drilling, thereby reducing both 
costs and ecological impact.  By allowing the visualization of 
aquifer geometry, ERI enhances understanding of 
groundwater flow systems, recharge zones, and potential 
contamination pathways. Its ability to characterize layered 
media based on resistivity contrasts has made it standard 
practice in hydrogeological surveys over the past several 
decades. Moreover, ERI’s sustainability stems from its 
minimal site disturbance, low operational impact, and ability to 
complement traditional hydrogeological and drilling data 
(Azhar et al., 2016). 

ERI is particularly effective in delineating aquifer 
boundaries, identifying contamination-prone zones, and 
mapping hydrogeological features in complex terrains 
(Rajendran et al., 2020; Oyeyemi et al., 2018). In 
heterogeneous environments where lithological variability is 
high, conventional methods such as borehole drilling often 
provide limited spatial coverage and can be prohibitively 
expensive. ERI, on the other hand, offers continuous 
subsurface imaging, allowing for the identification of subtle 
variations in lithology, porosity, and moisture content that 
might otherwise go undetected. For example, Vaudelet et al. 
(2011) demonstrated the technique’s effectiveness in 
mapping oil contamination within aquifers, clearly illustrating 
pollutant dispersion patterns relative to geological structures. 
This exemplifies how ERI can be employed not only in 
freshwater exploration but also in environmental monitoring 
and contamination studies, enhancing its versatility and scope 
of application. 

The high-resolution imaging capability of ERI 
enables detailed visualization of subsurface features, 
facilitating the mapping of groundwater reservoirs, aquifer 
boundaries, and recharge areas while also identifying 
potential pollution pathways. This resolution is particularly 
beneficial for evaluating groundwater salinity gradients in 

coastal regions, where saltwater intrusion poses significant 
risks to freshwater supplies (Galazoulas et al., 2015). 
Similarly, Batayneh (2006) demonstrated ERI’s success in 
semi-arid environments by distinguishing resistivity variations 
associated with lithological differences and saturation levels, 
further confirming its reliability in diverse hydrogeological 
settings. Such applications demonstrate ERI’s sensitivity in 
detecting both vertical and lateral resistivity changes, making 
it an indispensable technique for characterizing complex 
aquifer systems. 

Given its adaptability, precision, and environmental 
compatibility, ERI represents a cornerstone in modern 
groundwater exploration and management. Its integration into 
groundwater studies enables researchers and policymakers to 
make informed decisions regarding water resource 
sustainability, land-use planning, and the mitigation of 
contamination. By providing a clear depiction of subsurface 
structures, ERI supports the identification of productive 
aquifers, monitoring of groundwater recharge, and 
assessment of pollution risks. Furthermore, when coupled 
with other hydrological and geological data, ERI contributes to 
the development of comprehensive groundwater 
management frameworks that support long-term 
environmental resilience. 

Therefore, this study aims to assess the groundwater 
potential in Felda Tersang 02 using the Electrical Resistivity 
Imaging (ERI) method, providing valuable insights into the 
subsurface characteristics, aquifer distribution, and overall 
groundwater potential of the area. The integration of ERI data 
with geological and hydrological analyses will help to enhance 
the understanding of groundwater systems in the study area, 
contributing to sustainable water resource development and 
informed environmental management. 

2. MATERIALS AND METHODS 
2.1. Study area 

 This study area is located at Felda Tersang 02, 
Raub, Pahang, which lies within the central region of 
Peninsular Malaysia. The surveyed area encompasses 
approximately 25 km² (5 x 5 km) and represents a geologically 
and geomorphologically diverse terrain. Figure 1 illustrates the 
basemap of the study area, highlighting the spatial extent of 
the investigation and the key geological units present. The 
area is renowned for its intricate geological framework, which 
encapsulates a significant portion of the tectonic and 
mineralization history of the Raub District. This complexity 
makes Felda Tersang 02 an ideal location for hydrogeological 
and geophysical investigations, particularly in relation to 
groundwater resource assessment and mineral exploration. 
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The Bentong–Raub Suture Zone (BRSZ) forms the 
most prominent geological feature within this region and 
serves as a significant structural boundary dividing two major 
geological provinces of the Malay Peninsula—the Central Belt 
and the Eastern Belt (Khan and Shuib, 2016). This suture 
zone represents a remnant of an ancient oceanic crust that 
once separated two continental blocks, namely the Sibumasu 
and Sunda terranes. The convergence and eventual collision 
of these terranes during the Late Paleozoic to Early Mesozoic 
periods (~250–200 Ma) resulted in intense tectonism, regional 
metamorphism, and crustal deformation. This tectonic event 
played a pivotal role in shaping the current lithological and 
structural characteristics of the Raub area. 

The Bentong–Raub Suture Zone is characterized by 
a complex assemblage of metamorphic, sedimentary, and 
ultramafic rocks, indicating subduction-related processes and 
continental collision dynamics. The tectonic compression and 
shearing associated with this event contributed to the 
formation of fault zones, fractures, and joint systems, which 
continue to influence the region’s hydrogeological and 
geomorphological patterns. Moreover, these structural 
features act as conduits for fluid migration and mineralization, 
facilitating the deposition of economically significant minerals 
such as gold, arsenopyrite, and pyrite, especially along fault 
zones and vein systems (Hutchison, 2009). The Raub Gold 
Belt, which extends through the study area, is one of the most 
well-known mineralized zones in Malaysia and bears 
testimony to the area's rich tectono-magmatic evolution. 

The study area exhibits four dominant rock types: 
slate, limestone, sandstone, and volcanic rocks (primarily 
dacite). These lithological units reflect distinct depositional 
and volcanic environments over geological time. The slate 
units, representing the oldest lithology, belong to the Silurian–
Ordovician sequence and were originally marine sediments 
subjected to low-grade regional metamorphism. These slates 
often occur in thinly bedded, foliated layers and are frequently 
interbedded with phyllite and shale, indicative of deep marine 
deposition followed by subsequent tectonic deformation. The 
limestone units, typically from the Permian period, are 
characterized by fossiliferous and recrystallized textures, 
suggesting deposition in a shallow marine carbonate platform. 
These limestone outcrops occasionally exhibit karstic features 
due to dissolution processes, which are important in 
influencing groundwater storage and flow. 

The sandstone formations, intercalated with shale 
and siltstone, denote deltaic to nearshore depositional 
settings, reflecting a transition from marine to continental 
conditions. They often display cross-bedding and other 
sedimentary structures indicative of fluvial and tidal 
influences. Meanwhile, the volcanic rocks, predominantly 
dacite of Triassic age, mark a phase of volcanic activity 

following the closure of the oceanic basin. These rocks are 
typically porphyritic in texture and may show varying degrees 
of weathering and alteration. The presence of volcanic 
materials interbedded with sedimentary units signifies an 
active tectono-volcanic environment during the Mesozoic 
period. 

The lithological distribution of the area thus reveals a 
progressive depositional transition from marine and deltaic 
environments to volcanic settings, consistent with regional 
geological evolution models (Metcalfe, 2013). The Silurian–
Ordovician slates represent the initial deep marine 
sedimentation, succeeded by Permian shallow marine 
carbonates, and culminating in Triassic volcanic sequences 
associated with orogenic uplift and magmatism. This 
lithostratigraphic succession reflects multiple phases of basin 
development, sedimentation, deformation, and magmatic 
intrusion that have collectively shaped the geologic character 
of Felda Tersang 02. 

Geomorphologically, the area displays a diverse 
landscape, ranging from low to high hills, ridges, and 
floodplains, each reflecting different stages of tectonic uplift, 
denudation, and erosion. The highlands, often underlain by 
resistant volcanic or metamorphic rocks, form steep slopes 
and rugged terrain, while the low-lying regions comprise 
weathered sedimentary deposits and alluvial plains. These 
landforms are intricately controlled by structural lineaments, 
which direct surface drainage and influence the distribution of 
weathered materials. Tectonic activities, weathering 
processes, and fluvial erosion have played dominant roles in 
shaping the surface morphology. The presence of fault-
controlled valleys and dissected hills also highlights the 
geomorphological impact of the Bentong–Raub suture’s 
reactivation over geological time. 

The weathering profile in the study area is typically 
deep, especially over granitic and volcanic terrains, leading to 
the formation of residual soils and saprolite layers. These 
weathered materials, characterized by variable permeability, 
play a crucial role in controlling groundwater recharge and 
storage capacity. The hydrogeological potential of the region 
is closely related to the degree of fracturing and weathering 
within the rock units, with the slate and sandstone formations 
generally serving as semi-permeable aquifers, while 
limestone zones may exhibit high secondary porosity due to 
karstification. 

Overall, the geological and geomorphological setting 
of Felda Tersang 02 is the product of a long and complex 
geotectonic evolution, dominated by the influence of the 
Bentong–Raub Suture Zone. The interplay between ancient 
depositional environments, magmatic intrusions, and 
subsequent tectonic deformation has resulted in a highly 
heterogeneous subsurface characterized by varied rock types 
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and structural fabrics. This diversity not only underpins the 
mineralization history of Raub but also provides key insights 
into the hydrogeological framework that governs groundwater 
occurrence and movement within the study area. 

 
Figure 1: The basemap of study area indicates three survey lines at Felda 
Tersang 02, Raub, Pahang. 

2.2 Methodology 

 The ABEM Terrameter LS, in conjunction with an 
electrode selector, was utilized to conduct an electrical 
resistivity imaging (ERI) survey. Three electrical resistivity 
profiles were acquired across the chosen study region. The 
testing design included a Schlumberger and pole-dipole array 
consisting of two multi-core electrode cables and 41 stainless-
steel electrodes. A uniform electrode spacing of five meters 
was employed across all 41 electrodes, resulting in a total 
length of the electrical resistivity survey of 200 meters. The 
survey traverses are aligned in a north to south orientation 
(spread lines 1, 2, and 3). The Schlumberger array is used for 
data collection due to its capability to provide high-density 
coverage of resistivity data in the near-surface region. This 
array has excellent vertical resolution and can produce distinct 
images of groundwater and sand-clay borders as horizontal 
structures (Chambers et al., 2014; Samsudin, 2016). 
Additionally, the Schlumberger array facilitates a more 
comprehensive analysis of subsurface profiles within a 
confined area. Schlumberger array is known for its ability to 

provide high-resolution vertical profiles, which are particularly 
effective in delimiting lithological layers and aquifers (Ejije & 
Atakpo, 2025). Conversely, the network of poles-dipoles is 
known for its extended exploration depth, which makes it well-
suited for studying larger geological formations (Akhtar et al., 
2021). 

Employing the Res2DInv software, the pole-dipole 
array technique was used to gather data and generate 
resistivity images for modeling and result interpretation (Loke 
et al., 2006; Abdullah et al., 2022). The non-unification and 
ambiguity inherent in resistivity data require a more 
complicated interpretation. The relationship between the 
variation of resistivity and underground materials is often non-
linear, making it difficult to definitively deduce the geological 
structures from the values of resistivity (al-Khafaji, 2023). 
Advanced inversion algorithms and modeling techniques are 
crucial for addressing these interpretation challenges (Azizan 
et al., 2018). 

The raw data collected from data gathering were 
initially processed using the commercially available 
RES2DINVx64 software to generate an inverse model that 
closely approximates the actual subsurface structure. The 
RES2DINVx64 inversion algorithm is utilized to process the 
data and generate a 2-D resistivity section. The raw data is 
exported into a DAT file during the field data processing (Loke, 
2002). To ensure accurate results, it is essential to eliminate 
any faulty data points before processing. Resisting the 
removal of the erroneous data points will lead to an imprecise 
outcome in the final results. Typically, the presence of faulty 
data points is due to inadequate contact between the 
electrodes and the ground during data collection in the field. 
The final product is presented in a pseudosection profile with 
the fewest possible errors. 

3. RESULT AND DISCUSSION 
3.1  Survey Line 1 

This survey line, oriented along a north–south 
direction, employs the Schlumberger electrode configuration, 
which is known for its high sensitivity to vertical variations in 
subsurface resistivity. The total root-mean-square (RMS) error 
of 4.0% obtained from the resistivity inversion process 
indicates that the model fitting is within an acceptable range, 
suggesting high reliability and accuracy of the acquired data. 
This low RMS error also reflects the quality of field data 
acquisition, proper electrode contact resistance, and a robust 
inversion process with minimal noise interference. 

The resistivity and chargeability results obtained 
from the two-dimensional (2-D) inversion model reveal 
significant subsurface variations within the upper 35 meters of 
the profile. In the shallow subsurface (<35 m depth), the 
resistivity values vary from 0 Ωm to 1300 Ωm, while 
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chargeability values range between 0.00 ms and 7.00 ms. 
Figure 2 illustrates the 2-D pseudosection profile, which has 
been divided into two distinct interpretive zones; Zone A and 
Zone B, based on the spatial distribution of resistivity and 
chargeability characteristics. 

Zone A is characterized by low resistivity values 
ranging from 0 Ωm to 100 Ωm, represented by blue to green 
tones on the pseudosection. These low-resistivity zones 
generally indicate the presence of conductive materials, such 
as saturated soils, clayey sediments, or groundwater-bearing 

formations. In hydrogeophysical interpretation, resistivity 
values below 80 Ωm are commonly associated with 
unconsolidated sand or sandy clay layers that possess 
moderate to high porosity and permeability, thus indicating 
potential groundwater occurrence (Riwayat et al., 2018). The 
electrical response of this zone suggests that it may 
correspond to an aquifer horizon or a water-saturated 
weathered layer that facilitates groundwater accumulation and 
movement. 
 

 
Figure 2: Apparent-resistivity pseudosection (top) and chargeability (bottom) profile of Line 1. 

 

 
Figure 3: Apparent-resistivity pseudosection (top) and chargeability (bottom) profile of Line 2 

 
Zone B, on the other hand, exhibits moderate 

resistivity values ranging from 100 Ωm to 500 Ωm, which are 
represented by green, yellow, light orange, and orange color 

shades in the pseudosection. These resistivity values typically 
correspond to residual soils, lateritic materials, or moderately 
weathered bedrock formations. Such materials may possess 

North 
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South North 
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limited groundwater potential depending on the degree of 
weathering and fracturing. The intermediate resistivity 
response indicates that the zone might represent a transition 
between the saturated and unsaturated layers, where partial 
water saturation or compacted soil textures limit groundwater 
flow. 

The chargeability distribution further complements 
the resistivity interpretation. High chargeability regions 
(depicted in orange to red tones) may indicate the presence of 
clay-rich or mineralized materials, which are known to store 
charge due to their cation exchange capacity. These materials 
tend to have lower hydraulic conductivity, which restricts the 
movement of groundwater. Conversely, areas exhibiting low 
chargeability values (green to yellow tones) are typically 
associated with sandy or coarse-grained materials that allow 
greater permeability, signifying possible groundwater-bearing 
formations. 

Within Zone A, particularly at depths between 20 and 
35 meters, an aquifer layer is inferred based on the 
combination of low resistivity (ranging from 21 Ωm to 100 Ωm) 
and moderate chargeability (approximately 4.23 ms). This 
zone demonstrates the characteristics of a saturated 
formation, likely composed of sand or sandy clay, where 
groundwater accumulation is significant. The consistency of 
these results with findings by Noorzamzarina et al. (2024) 
further validates the interpretation, as they reported that 
potential groundwater zones within the same study area 
exhibit resistivity values ranging from of 24.1 Ωm to 100 Ωm. 

Overall, the interpretation of the resistivity and 
chargeability data along this survey line suggests a 
heterogeneous subsurface with variable lithological and 
hydrological characteristics. The identified low-resistivity zone 
in the deeper section of Zone A represents a promising 
groundwater-bearing layer, while the moderate-resistivity 
areas in Zone B may indicate partially saturated or weathered 
bedrock zones with limited groundwater yield. These findings 
contribute valuable insight into the spatial distribution of 
subsurface materials and groundwater potential, thereby 
supporting the broader objectives of hydrogeological 
assessment and sustainable groundwater resource 
management in the study area. 

3.2 Survey Line 2 

This survey line, oriented from south to north, 
employed the Schlumberger electrode configuration, which is 
widely recognized for its strong capability in resolving vertical 
variations in subsurface resistivity while maintaining excellent 
depth penetration. This configuration is particularly 
advantageous in groundwater exploration, where identifying 
vertical changes in lithology and moisture content is crucial for 

understanding aquifer geometry and groundwater potential 
(Nugraha et al., 2025). The inversion of the apparent resistivity 
data produced a root-mean-square (RMS) error of 13.5%, 
signifying an acceptable level of accuracy and a reliable fit 
between the measured and modeled datasets. Such an error 
range suggests that the inversion model provides a 
trustworthy representation of the true subsurface electrical 
properties and can thus be confidently used for geological and 
hydrogeological interpretation. 

At depths exceeding 35 m, the resistivity values 
range between 0 Ωm and 1300 Ωm, while the chargeability 
values vary from 0.00 ms to 14 ms, indicating a 
heterogeneous subsurface environment with diverse 
lithological compositions and varying degrees of water 
saturation. These wide variations suggest the coexistence of 
conductive and resistive materials, reflecting a complex 
interplay between clayey layers, weathered bedrock, and  
fractured zones that control groundwater occurrence and 
movement (Nugraha et al., 2025). As illustrated in Figure 3, 
the resulting 2-D resistivity–chargeability pseudosection is 
subdivided into three distinct zones—A, B, and C—each 
characterized by unique electrical and geological features. 

Zone A, represented predominantly by blue to light 
green hues, displays low resistivity values (0–100 Ωm) and 
low-to-moderate chargeability (~3 ms). These characteristics 
are typical of highly conductive, water-saturated materials 
such as alluvial sediments, weathered bedrock, or fractured 
zones that facilitate groundwater accumulation and movement 
(As’ari et al., 2024). The low resistivity is attributed to the 
presence of clayey sand, silt, or fine-grained soils with 
significant water content, whereas the low chargeability 
reflects the dominance of pore water conduction rather than 
the presence of metallic or clay minerals (Revil et al., 2024). 
This electrical signature strongly suggests the presence of a 
shallow aquifer system at depths of approximately 5–20 m, 
making it a potential groundwater-bearing zone suitable for 
small-scale extraction and community water supply. 

Zone B, which appears as green, yellow, and orange 
tones on the pseudosection, demonstrates moderate 
resistivity values (100–700 Ωm) and slightly elevated 
chargeability. These values are indicative of partially saturated 
or semi-permeable materials, such as sandy clay, silt, or 
weathered rock, that form transitional hydrogeological layers 
between permeable aquifers and impermeable bedrock 
(Noorzamzarina et al., 2024). The moderate resistivity 
suggests limited water retention capacity, while the increased 
chargeability implies the presence of mixed lithologies with 
variable clay content or minor metallic mineralization. Such 
characteristics are consistent with aquitard behavior, where 
water movement is restricted but slow percolation may still 
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occur. Similar intermediate resistivity–chargeability patterns 
have been documented in humid tropical environments, 
indicating transitional zones that control recharge and 
groundwater flow (Javed et al., 2024). 

In contrast, Zone C, illustrated by dark red to purple 
colors, corresponds to high resistivity values (700–1300 Ωm) 
and negligible chargeability, signifying dense, compact, and 
dry lithologies such as granite, quartzite, or consolidated 
bedrock. The absence of significant chargeability response 
supports the interpretation of impermeable and non-
conductive materials, implying poor groundwater potential. 
This zone likely represents the basement rock or unweathered 
bedrock layer, forming the hydrogeological boundary that 
limits further downward percolation of groundwater. 

Overall, the 2-D resistivity and chargeability model 
delineates two major subsurface divisions: (i) a shallow 
resistive layer (>1000 Ωm) that likely represents a lateritic or 
weathered crust, and (ii) a deeper conductive layer (10–100 
Ωm) associated with clay-rich or water-bearing formations 
(Noorzamzarina et al., 2023; Islami et al., 2024). 

The strong correlation between low resistivity and low 
chargeability values in the upper layers confirms the presence 
of porous, water-saturated zones, whereas the combination of 
moderate-to-high chargeability with intermediate resistivity 
indicates clay-rich or partially mineralized layers (Revil et al., 
2024). This relationship is essential for distinguishing between 
true aquifer zones and clay-dominated conductive zones, 
which may otherwise exhibit similar resistivity ranges. 

A promising aquifer horizon is inferred within Zone A 
along Line 2, at depths of 5–20 m, characterized by resistivity 
values between 21 Ωm and 100 Ωm and chargeability around 
3 ms. These geophysical signatures are consistent with 
productive shallow aquifers identified in previous ERI-based 
groundwater studies, which reported similar resistivity–
chargeability correlations for aquifer delineation and 
groundwater potential mapping (As’ari et al., 2024; Javed et 
al., 2024). Hence, this layer represents a key groundwater 
target zone with potential for sustainable groundwater 
extraction, contributing valuable insights into groundwater 
resource management and future borehole sitting in the study 
area. 

3.3 Survey Line 3 

Survey Line 3 was conducted using the pole–dipole 
electrode configuration, oriented from south to north, which 
effectively captures both lateral and vertical variations in 
subsurface resistivity and chargeability. This configuration 
provides a good balance between depth penetration and 
horizontal resolution, making it particularly useful for 
delineating heterogeneous subsurface materials in complex 

geological terrains (Javed et al., 2024). The inversion results 
yielded a root mean square (RMS) error of 10.8%, signifying 
a satisfactory correlation between the measured and 
calculated apparent resistivity values and confirming that the 
inversion model reliably represents the true subsurface 
conditions (Nugraha et al., 2025). 

At depths exceeding approximately 75 m, resistivity 
values range from 0 Ωm to 1300 Ωm, while chargeability 
values vary between 0.00 ms and 12 ms. These broad ranges 
indicate complex lithological and hydrogeological conditions 
influenced by variations in mineral composition, degree of 
weathering, porosity, and groundwater saturation (Revil et al., 
2024). Based on the distribution patterns of resistivity and 
chargeability observed in the pseudosection (Figure 4), the 
subsurface can be broadly divided into two major zones: Zone 
B and Zone C, each representing distinct lithological and 
hydrogeological characteristics.  

Zone B is characterized by moderate resistivity 
values ranging from 100 Ωm to 700 Ωm, represented by green 
to light red tones on the pseudosection. This range is 
indicative of weathered or fractured bedrock, silty to clayey 
materi als, and partially saturated residual soils. The moderate 
resistivity values suggest the presence of both mineral grains 
and conductive pore water, typical of zones exhibiting 
secondary porosity as a result of fracturing and weathering. 
Within the 20–60 m depth range, chargeability values reach 
up to 12 ms, reflecting the presence of fine-grained sediments 
or ion-rich pore fluids that enhance polarization effects. The 
combined resistivity and chargeability responses indicate a 
moderately permeable aquifer zone with potential for 
groundwater infiltration and storage. This interpretation is 
consistent with weathered bedrock horizons that commonly 
act as transitional layers between the overburden and 
unweathered bedrock, providing suitable conditions for 
groundwater accumulation (Hazreek et al., 2018; 
Noorzamzarina et al., 2024). 

In contrast, Zone C exhibits high resistivity values 
ranging between 700 Ωm and 1300 Ωm and is represented by 
dark red to violet hues on the pseudosection. These values 
correspond to compact, dry, and impermeable lithologies, 
such as unweathered granite or other crystalline igneous 
rocks. The low chargeability values recorded in this zone 
support its interpretation as the unweathered basement, which 
is typically massive, non-porous, and poorly fractured, 
resulting in minimal groundwater storage potential. The 
interface between Zones B and C likely represents a 
hydrogeological boundary where groundwater flow is either 
restricted or redirected along fractures and weathered 
pathways above the bedrock. Such interfaces are important in 
hard rock aquifers, as they control the movement and 
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accumulation of groundwater in secondary porosity zones 
(Nugraha et al., 2025). 

The integration of Induced Polarization (IP) data with 
resistivity analysis enhances the accuracy and reliability of 
subsurface interpretation. While resistivity primarily reflects 
variations in lithology and fluid content, chargeability provides 
additional information related to the electrochemical 
properties of the subsurface materials, such as clay content, 
metallic minerals, or the presence of ion-rich fluids (Revil et 
al., 2024). This complementary relationship between 
resistivity and chargeability enables a more comprehensive 
differentiation between resistive (bedrock or dry) and 
conductive (saturated or clay-rich) zones. The combined use 
of these datasets strengthens the interpretative framework by 
providing both structural and compositional information, thus 
facilitating a more holistic understanding of the 
hydrogeological setting. Similar conclusions have been drawn 
by Revil et al. (2024) and Javed et al. (2024), who 
demonstrated that integrated ERI–IP approaches significantly 
improve subsurface characterization in geologically complex 
environments. 

Based on the classification scheme proposed by 
Hazreek et al. (2018) and supported by more recent findings 
by Noorzamzarina et al. (2024), the subsurface materials 
along Survey Line 3 can be categorized into three main 
lithological types: (i) dense or hard soils and unweathered 
volcanic or igneous rocks, which typically exhibit high 
resistivity values (>1500 Ωm) and have limited groundwater 
potential; (ii) permeable to semi-permeable residual soils and 

weathered formations, which display moderate resistivity 
values (1–1500 Ωm) and variable saturation levels, 
representing the primary groundwater-bearing units; and (iii) 
soft, water-saturated sediments or clay-rich zones, 
characterized by low resistivity values (<100 Ωm) and high 
chargeability, indicating high moisture content or the presence 
of conductive clay minerals. Although the third category is not 
prominently developed along this line, localized conductive 
anomalies at shallow depths may correspond to isolated 
clayey or water-saturated pockets. 

Overall, the findings from Survey Line 3 underscore 
the effectiveness of the Electrical Resistivity Imaging (ERI) 
technique, particularly when complemented by IP 
measurements, in identifying subsurface variations and 
potential groundwater-bearing zones. The integration of 
resistivity and chargeability data provides a robust 
interpretative approach that allows for differentiation between 
dry and saturated formations, delineation of weathered and 
fractured bedrock, and identification of potential aquifer zones. 
This integrated interpretation enhances the understanding of 
the geological and hydrogeological framework of the study 
area, contributing valuable insights for groundwater 
assessment, well-siting, and sustainable groundwater 
management. Furthermore, the results are consistent with 
recent hydrogeophysical studies (Revil et al., 2024; Javed et 
al., 2024; Nugraha et al., 2025; Noorzamzarina et al., 2024) 
that emphasize the importance of combining ERI and IP 
methods for reliable characterization of complex subsurface 
environments. 

Figure 4: 2-D pseudosection profile for survey Line 3 
 
4. CONCLUSION 

This study demonstrates the effective application of 

Electrical Resistivity Imaging (ERI) in delineating 
groundwater-bearing zones to address local water supply 
challenges. By integrating both resistivity and chargeability 

South North 
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measurements, the investigation successfully identified 
subsurface features such as fractured and weathered bedrock 
zones, which are considered potential aquifers due to their 
enhanced secondary porosity and permeability. The resistivity 
and chargeability values obtained from the three survey 
lines—ranging from below 100 Ωm to 12 ms indicate the 
occurrence of saturated weathered zones and fractured 
formations that are conducive to groundwater accumulation. 
These anomalies correspond to areas where the contrast 
between conductive (saturated) and resistive (dry or compact) 
layers is well defined, signifying the capability of ERI to 
differentiate lithological variations with hydrogeological 
significance. 

Furthermore, the ERI results provide a clearer 
understanding of the local geological and hydrogeological 
framework, emphasizing the spatial distribution of subsurface 
materials and their relationship to groundwater occurrence. 
This information is particularly valuable for guiding borehole 
siting, optimizing groundwater abstraction, and minimizing the 
risk of unsuccessful drilling. The findings also contribute to 
more informed decision-making in sustainable groundwater 
management and land-use planning, especially in regions 
characterized by heterogeneous and complex subsurface 
conditions. Overall, the integration of geophysical techniques, 
particularly the ERI method, has proven to be a cost-effective, 
non-invasive, and environmentally responsible approach to 
groundwater exploration. The results reaffirm the reliability of 
ERI as a diagnostic tool for assessing subsurface conditions 
and enhancing the understanding of groundwater potential, 
which is essential for the long-term management of water 
resources in the study area and similar geological settings. 
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