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Abstract: Groundwater is essential for agricultural development, particularly where surface-water resources are limited. 
However, groundwater occurrence in crystalline basement terrains is difficult to predict because lithology and geological 
structures vary considerably over short distances. This study evaluated the groundwater potential of Oban Farmland, Akamkpa 
Local Government Area, Cross River State, Nigeria, using integrated Electrical Resistivity Tomography (ERT) and Portable 
Quantum Water Detector (PQWT) surveys. ERT delineated vertical and lateral variations in subsurface resistivity, while PQWT 
provided reconnaissance information for identifying favourable groundwater zones. Two ERT profiles were acquired, processed, 
and inverted using RES2D software. Resistivity values ranged from 50.70 to 11,830.00 Ωm along ERT-01 and from 20.50 to 
1,140.00 Ωm along ERT-02, indicating substantial subsurface heterogeneity. Low-resistivity zones were interpreted as 
weathered, potentially water-bearing materials, whereas very high-resistivity zones represented relatively dry lateritic deposits 
and fresh crystalline basement. The subsurface comprises lateritic topsoil, weathered materials, fractured basement, and fresh 
basement rock. Weathered-zone thickness ranged from approximately 24 to 78 m. Weathered and fractured basement units 
constitute the principal aquifers because they provide groundwater storage and flow pathways. Fractured zones with resistivity 
values of approximately 852–1,165 Ωm were identified as promising drilling targets. Integrated interpretation indicated suitable 
borehole depths of approximately 70–135 m, especially where thick weathered materials coincide with fractured basement 
structures. The results demonstrate that combining ERT and PQWT significantly improves borehole siting and reduces 
groundwater-exploration uncertainty in complex basement environments. Borehole logging, pumping tests, and water-quality 
analyses are recommended to validate aquifer conditions and support sustainable agricultural groundwater development. 
Keywords: Hydrogeophysical integration; Weathered–fractured basement aquifer; Borehole-site selection; Agricultural 
groundwater development. 
 

I. INTRODUCTION 
Groundwater constitutes a vital source of freshwater, particularly in regions where rivers, streams, and other surface-water resources 
are seasonal or insufficient. Across many parts of sub-Saharan Africa, groundwater supports drinking-water supply, domestic 
activities, agriculture, and other livelihood needs, especially in communities underlain by crystalline basement rocks (Nasara et al., 
2025; Agyemang, 2025; Obuobie et al., 2025). However, groundwater exploration in crystalline basement terrains is inherently 
challenging because fresh basement rocks generally possess very low primary porosity and permeability. Groundwater occurrence is 
therefore controlled mainly by secondary features, including weathered layers, fractures, joints, and fault zones. The thickness, 
continuity, and interconnection of these features may vary considerably over short distances, making groundwater exploration and 
borehole siting difficult (Aizebeokhai & Oyeyemi, 2017; Adebisi et al., 2026). 
The demand for reliable groundwater is particularly important in agricultural areas, where a dependable water supply is required to 
sustain irrigation during dry periods and seasons of inadequate rainfall. Access to groundwater enables farmers to maintain crop 
production, improve food security, and reduce the effects of seasonal rainfall variability and changing climatic conditions (Fartassi 
et al., 2025; Teweldebrihan & Dinka, 2025). Nevertheless, drilling boreholes without adequate knowledge of subsurface conditions 
can result in unsuccessful or low-yielding wells. Such outcomes represent substantial financial losses and the inefficient use of time 
and resources, particularly in large-scale agricultural projects (Akaolisa et al., 2022; Adeoti et al., 2024). Consequently, detailed 
subsurface investigation is essential before borehole drilling. 
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Geophysical methods provide a relatively rapid and non-invasive means of investigating subsurface conditions without extensive 
excavation. Electrical resistivity techniques are among the most widely applied methods in groundwater exploration because 
geological materials exhibit contrasting electrical properties. These properties are influenced by lithology, mineral composition, 
porosity, moisture content, degree of weathering, fracture intensity, water saturation, and pore-water conductivity (Oyeyemi et al., 
2023). Variations in subsurface resistivity can therefore be used to differentiate lateritic materials, weathered zones, fractured 
basement rocks, and relatively fresh crystalline basement. However, resistivity values must be interpreted carefully because low 
resistivity may indicate either water-saturated materials or clay-rich formations. 
Electrical Resistivity Tomography (ERT) is particularly useful because it produces a two-dimensional representation of the lateral 
and vertical distribution of subsurface resistivity. This capability facilitates the identification of weathered zones, fractured bedrock, 
buried basement depressions, and lithological boundaries that may influence groundwater storage and movement (Imani et al., 2020; 
Akingboye & Osazuwa, 2021). Previous investigations have demonstrated the effectiveness of ERT in delineating potential 
groundwater-bearing zones within crystalline basement environments (Lee et al., 2021; Akpa et al., 2025). 
The Portable Quantum Water Detector (PQWT) has also been applied as a reconnaissance tool in groundwater investigations. 
However, because its scientific basis and reliability remain subjects of continuing evaluation, PQWT results should not be 
interpreted independently or used as the sole basis for selecting borehole locations. Instead, the method may provide supplementary 
reconnaissance information when its responses are carefully compared with results obtained from established geophysical 
techniques (Isah et al., 2022; Shuaibu, 2024). 
Accordingly, this study integrates ERT and PQWT surveys to investigate groundwater potential at Oban Farmland. The specific 
focus is to delineate the principal subsurface geological units, identify potentially water-bearing weathered and fractured basement 
zones, recommend suitable borehole locations and drilling depths, and reduce the risk of unsuccessful groundwater development. 
Integrating the two methods is expected to strengthen subsurface interpretation and support sustainable groundwater development 
for agricultural activities in tropical crystalline basement environments. 
 

II. STUDY AREA AND GEOLOGICAL DESCRIPTION 
Oban Farmland is located in Oban Community, Akamkpa Local Government Area of Cross River State, southeastern Nigeria. The 
study area lies between latitudes 5°28′00″ N and 5°32′00″ N and longitudes 8°40′00″ E and 8°50′00″ E. It covers approximately 
881,620 m², equivalent to about 0.882 km². The farmland is accessible through the Calabar–Ekang road corridor and is situated 
approximately 57.2 km from Calabar metropolis and 7.65 km from Oban settlement, as shown in Figure 1. 
The study area occurs within a humid tropical rainforest environment characterized by dense vegetation, high seasonal rainfall, and 
relatively limited infrastructure. Access to different parts of the farmland is primarily through narrow tractor routes and footpaths. 
These conditions can make geophysical field investigations difficult, particularly during periods of intense rainfall when the 
pathways become wet and less accessible. The terrain is generally low to gently undulating, with elevations ranging from 
approximately 142 to 173 m above mean sea level. Surface drainage exhibits predominantly parallel to trellis patterns, indicating 
that drainage development is partly controlled by the underlying geological structures, fracture systems, and differential weathering 
of the basement rocks (Ekwok et al., 2020). 
Geologically, Oban Farmland is underlain predominantly by granite belonging to the Precambrian Nigerian Basement Complex. The 
broader basement terrain comprises crystalline rocks such as granite, gneiss, charnockite, and schist, together with occasional 
younger granitic intrusions (Uchenna et al., 2023). The granitic basement within the study area has undergone varying degrees of 
weathering, fracturing, and structural deformation, producing subsurface zones that may support groundwater accumulation and 
movement. 
Fresh crystalline basement rocks generally have negligible primary porosity and low permeability. Consequently, groundwater 
storage and transmission depend mainly on the weathered overburden and secondary structural features, including fractures, joints, 
and faults within the basement rocks (Akiang et al., 2024). The groundwater potential of the area is therefore controlled by the 
thickness and composition of the weathered layer, the density and connectivity of fractures, fracture aperture, and the degree of 
hydraulic connection between the weathered overburden and fractured basement. 
The thickness of the weathered layer and the spatial distribution of basement fractures may vary substantially across short distances. 
Locations where a thick weathered layer directly overlies and is hydraulically connected to fractured basement are generally 
considered the most favourable groundwater targets. At such locations, the weathered materials provide groundwater storage, while 
interconnected fractures within the basement facilitate groundwater movement and may enhance borehole yield. 
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Although streams occur within and around Oban Farmland, there are currently no known productive boreholes within the 
investigated area. Groundwater availability and aquifer productivity therefore remain uncertain. This uncertainty emphasizes the 
need for a detailed hydrogeophysical investigation to characterize the subsurface, identify potentially productive groundwater-
bearing zones, and determine appropriate locations and depths for borehole drilling. A reliable understanding of the geological and 
hydrogeological conditions is essential for supporting sustainable groundwater development and meeting the irrigation requirements 
of the farmland. 

 
Figure 1: Location and geological setting of Oban Farmland: (A) location of the study area within Cross River State; (B) local 

geology, drainage network, access routes and settlements. 
 

III. METHODOLOGY 
A. Electrical Resistivity Tomography Data Acquisition 
Two-dimensional Electrical Resistivity Tomography (ERT) surveys were conducted along two selected profiles, designated ERT-01 
and ERT-02, to investigate lateral and vertical variations in subsurface resistivity across the study area. The Wenner electrode 
configuration was employed because of its high signal strength, sensitivity to vertical resistivity variations, and suitability for 
groundwater investigations in crystalline basement terrains (Ogunlana et al., 2019). 
Field measurements were undertaken under relatively dry weather conditions to minimize short-term variations in near-surface 
moisture. Resistivity data were acquired using PASI 16GL and ABEM Terrameter SAS 1000 systems powered by a 12 V, 60 Ah 
external battery. Standard stainless-steel electrodes were used for current injection and potential measurements. The electrodes were 
firmly inserted into the ground, and their contact with the soil was checked to ensure stable current transmission and reliable 
potential measurements. A total of 61 electrode positions were established along each traverse at a minimum spacing of 5 m, 
producing an approximate profile length of 300 m. Successively wider electrode separations, extending to approximately 80 m, were 
used to obtain information from progressively greater investigation depths. Data acquisition was implemented using a roll-along 
procedure, which enabled successive electrode combinations to be activated along each traverse while maintaining consistent 
Wenner-array geometry and adequate spatial coverage. This approach produced a relatively dense dataset of apparent-resistivity 
measurements for each profile (Bienibuor et al., 2025). 
For each measurement, the instrument injected an electrical current into the ground through a pair of current electrodes and 
measured the resulting potential difference using a second pair of electrodes. The apparent resistivity was calculated using the 
Wenner-array geometric factor: 
௔ߩ =  (1)           ܴܽߨ2
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Where ߩ௔ = apparent resistivity (Ω·m), a = electrode spacing (m), R = measured resistance (Ω). 
The apparent-resistivity values obtained from the field measurements were subsequently processed and inverted to estimate the true 
subsurface resistivity distribution. 
 
B. PQWT Data Acquisition 
A supplementary groundwater reconnaissance survey was conducted using the ADMT-300SX Portable Quantum Water Detector 
(PQWT). The instrument records variations in the natural electric-field response at different frequencies and processes these 
variations to identify subsurface electrical anomalies that may be associated with changes in lithology, weathering, fracturing, and 
moisture conditions (Adagunodo et al., 2023). The PQWT survey was used only as a supporting reconnaissance method, while the 
ERT results provided the principal basis for subsurface characterization and groundwater-target delineation. 
Weathered and fractured basement zones containing water commonly exhibit greater electrical conductivity than dry lateritic 
materials or compact fresh basement rocks. However, conductive responses may also be produced by clay-rich materials. 
Consequently, PQWT anomalies were interpreted cautiously and evaluated in relation to the geological setting and ERT-derived 
resistivity sections rather than being considered direct evidence of groundwater occurrence. 
Eight PQWT measurements were conducted across the study area. Five measurements were obtained at locations where subsurface 
anomalies had previously been identified from the ERT sections, while the remaining three were acquired at independent locations 
selected from PQWT reconnaissance responses. At each station, the instrument recorded frequency-dependent natural electric-field 
variations and processed the measurements using its internal routines to generate subsurface anomaly models. These models were 
examined for responses potentially associated with weathered materials, fractured basement structures, and possible groundwater 
accumulation zones. 
The PQWT results were subsequently compared with the ERT interpretations to determine whether the two methods identified 
corresponding subsurface features. Particular attention was given to locations where conductive PQWT anomalies coincided 
spatially with weathered or fractured zones delineated by ERT. Such coincident responses were regarded as stronger indications of 
favourable groundwater conditions than anomalies identified by either method alone. The integrated interpretation provided 
additional information about the thickness and continuity of the weathered layer, the possible distribution of basement fractures, and 
the selection of potential groundwater-development targets. 
 
C. Data Processing, Inversion, and Interpretation 
The ERT datasets were processed and inverted using EarthImager 2D software. The raw apparent-resistivity measurements were 
first subjected to quality-control procedures to identify noisy, erratic, or inconsistent readings. Measurements considered unreliable 
were removed before inversion to minimize their influence on the resulting resistivity models. 
The quality-controlled datasets were inverted using a smoothness-constrained least-squares inversion algorithm to transform the 
measured apparent resistivity values into two-dimensional models of the subsurface resistivity distribution (Hojat, 2024). The 
inversion process was performed iteratively, with the model response progressively adjusted to reduce the difference between the 
measured and calculated apparent-resistivity values. Iteration was continued until the model became stable and an acceptable root-
mean-square (RMS) error was obtained. The RMS error was considered alongside model stability, geological plausibility, and 
consistency with the field observations to avoid interpreting mathematical fit alone as evidence of geological accuracy. 
The inverted resistivity sections were interpreted by relating the spatial resistivity variations to the known geology and expected 
electrical properties of subsurface materials in crystalline basement environments. Relatively low-resistivity zones were interpreted 
as possible clay-rich, weathered, fractured, or water-saturated materials, depending on their geometry, depth, and relationship with 
adjacent units. Moderate-resistivity zones associated with structural discontinuities were assessed as possible fractured or partially 
weathered basement rocks. Conversely, very high-resistivity zones were generally interpreted as dry lateritic materials or compact 
fresh basement rocks with limited weathering and groundwater-storage capacity. 
Particular attention was given to zones where thick weathered materials were underlain by fractured basement structures because 
this combination can provide both groundwater storage and pathways for groundwater movement. The PQWT responses were 
superimposed conceptually on the ERT interpretations to identify spatially corresponding anomalies. Locations at which conductive 
PQWT responses coincided with ERT-delineated weathered or fractured zones were prioritized as potential groundwater targets. 
This integrated procedure reduced interpretational ambiguity and provided a more defensible basis for recommending borehole 
locations and drilling depths. 
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IV. RESULTS AND DISCUSSION 
A. Electrical Resistivity Tomography Results 
The inverted ERT sections presented in Figure 2 reveal substantial lateral and vertical variations in subsurface resistivity across 
Oban Farmland. Resistivity values along ERT-01 range from approximately 50.70 to 1,183.00 Ω·m, while values along ERT-02 
range from approximately 20.50 to 1,140.00 Ω·m. These variations indicate pronounced subsurface heterogeneity and reflect 
contrasts among conductive weathered materials, fractured basement zones, lateritic deposits, and relatively resistive crystalline 
basement rocks (Thomas et al., 2020). 
Such resistivity variations are characteristic of tropical crystalline basement environments, where prolonged chemical weathering 
commonly produces a heterogeneous regolith overlying fractured and comparatively fresh basement rocks (Ekwok et al., 2020b). 
The relatively low-resistivity zones are interpreted as weathered, clay-rich, fractured, or moisture-bearing materials. Their 
groundwater significance depends on their thickness, depth, geometry, and connection with underlying basement fractures because 
low resistivity alone does not uniquely indicate groundwater saturation. 
The highest-resistivity zones are interpreted principally as dry lateritic materials or fresh to slightly weathered crystalline basement 
rocks. Fresh basement generally possesses negligible primary porosity and limited groundwater-storage capacity. Nevertheless, 
resistive basement units may retain groundwater potential where they contain open, interconnected fractures that provide secondary 
porosity and permeability. Consequently, the most promising groundwater targets are not determined solely by the lowest resistivity 
values but by the combined occurrence of a sufficiently thick weathered layer, structurally disturbed basement, and supporting 
PQWT anomalies. 

 
Figure 2: Inverse-model resistivity sections along (a) ERT-01 and (b) ERT-02 at Oban Farmland. 

 
B. Electrical Resistivity Tomography Results 
Figure 2 presents the two-dimensional inverted resistivity models obtained from profiles ERT-01 and ERT-02. The sections reveal 
pronounced lateral and vertical variations in subsurface resistivity, allowing the principal geoelectric units beneath the study area to 
be differentiated. The shallow portions of the profiles are dominated by conductive weathered regolith, while discontinuous zones of 
moderate-to-high resistivity at greater depths are interpreted as fractured or partly weathered basement. The deeper and more 
resistive zones represent relatively fresh and competent crystalline basement rocks. The weathered and fractured zones may support 
groundwater accumulation where they are sufficiently thick, saturated, and hydraulically interconnected (Fatoye et al., 2022). 
Table 1 summarizes the representative resistivity values obtained from the two ERT profiles and their corresponding geological and 
hydrogeological interpretations. The resistivity distribution generally indicates a transition from the near-surface weathered regolith 
through fractured basement to deeper fresh basement. This succession is characteristic of crystalline basement terrains, where 
groundwater storage and transmission occur primarily within the weathered overburden and open, interconnected fractures in the 
underlying bedrock (Ifeanyichukwu et al., 2021). 
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Along ERT-01, the relatively low resistivity values of approximately 50.70–240.05 Ω·m are associated with the weathered regolith. 
These conductive materials may represent clay-rich, moist, or water-saturated weathered formations. Their groundwater potential 
depends on the thickness and continuity of the weathered layer, its clay content, and its hydraulic connection with underlying 
basement fractures. Thick weathered zones with limited clay content are generally more favourable for groundwater storage and 
transmission than thin or predominantly clay-rich layers (Olabode et al., 2020; Aizebeokhai et al., 2021; Doro et al., 2023). 
ERT-02 is characterized by low resistivity values of approximately 20.50–145.40 Ω·m within the shallow subsurface. The value of 
20.50 Ω·m indicates a highly conductive layer that may contain wet or clay-rich weathered materials. Because clay can produce a 
conductive response similar to that of groundwater saturation, this zone cannot be classified as an aquifer solely on the basis of its 
low resistivity. However, the weathered zone represented by values approaching 145.40 Ω·m may constitute a shallow regolith 
aquifer where it is sufficiently thick, continuous, and hydraulically connected to fractured basement structures (Zarif et al., 2022; 
Menegbo et al., 2024). 
Zones with resistivity values of approximately 855.00–1,125.00 Ω·m are interpreted as fractured or partly weathered basement. 
Their groundwater significance is based not only on resistivity magnitude but also on their geometry, structural discontinuity, and 
relationship with the overlying weathered layer. Open and interconnected joints and fractures provide secondary porosity and 
permeability, allowing groundwater to infiltrate, accumulate, and move through otherwise compact crystalline rocks (Pradhan et al., 
2022; Ohenhen et al., 2023). These zones are therefore considered priority groundwater targets, particularly where they coincide 
with PQWT anomalies. 
The deeper, highly resistive zones, represented by approximately 1,183.50–2,500.20 Ω·m along ERT-01 and 1,140.00–2,030.50 
Ω·m along ERT-02, are interpreted as relatively fresh, dry, and competent basement rocks. These materials possess negligible 
primary porosity and generally have limited groundwater potential. Nevertheless, localized groundwater may occur where the fresh 
basement is intersected by open fractures or fault-related structures. 
 

Table 1. Interpreted ERT resistivity models and hydrogeological significance 
Profile Representative resistivity 

value/range (Ω·m) 
Interpreted subsurface 
zone 

Hydrogeological assessment 

ERT-
01 

50.70 Highly conductive 
weathered regolith 

Shallow weathered material that may be clay-rich or seasonally 
wet; groundwater potential remains uncertain without further 
verification. 

ERT-
01 

240.05 Weathered or potentially 
saturated basement 

Potential regolith aquifer where the weathered layer is 
sufficiently thick, continuous, and relatively free of clay. 

ERT-
01 

1,125.00 Fractured or partly 
weathered basement 

Priority groundwater target where fractures are open, 
interconnected, and hydraulically linked to the overlying 
weathered zone. 

ERT-
01 

1,183.50–2,500.20 Fresh, relatively 
unsaturated basement 

Compact crystalline basement with limited groundwater potential 
except where intersected by fractures. 

ERT-
02 

20.50 Highly conductive 
shallow regolith 

Possibly wet or clay-rich surface material; low resistivity alone 
does not confirm groundwater occurrence. 

ERT-
02 

145.40 Weathered or potentially 
saturated basement 

Possible shallow regolith aquifer where the weathered layer is 
sufficiently thick and laterally continuous. 

ERT-
02 

855.00 Fractured or partly 
weathered basement 

Potential fractured-basement aquifer and priority drilling target 
where supported by structural geometry and PQWT evidence. 

ERT-
02 

1,140.00–2,030.50 Fresh, relatively 
unsaturated basement 

Competent basement with low groundwater potential except 
along localized fractures or faults. 

 
C. Portable Quantum Water Detector Results 
The PQWT survey identified several subsurface anomalies, which were presented as two- and three-dimensional subsurface-
response models. These anomalies were evaluated in relation to the local geological setting and the ERT-derived resistivity sections. 
Areas characterized by relatively strong conductive responses were interpreted as possible weathered, fractured, clay-rich, or water-
bearing formations within the crystalline basement terrain. 
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The most prominent PQWT anomalies occurred at locations where the ERT models also delineated conductive weathered materials 
or structurally disturbed basement zones. This spatial correspondence suggests that some of the detected anomalies may be 
associated with weathered and fractured basement systems. Such formations can provide secondary porosity for groundwater 
storage and interconnected pathways for groundwater movement. Nevertheless, conductive PQWT responses were not regarded as 
direct confirmation of groundwater because similar anomalies may be generated by clay-rich or highly weathered materials. 
The PQWT results were therefore not used independently to define aquifer boundaries or determine drilling depths because of the 
method’s limitations in quantitative resistivity inversion, lithological discrimination, and precise depth estimation (Ali et al., 2024). 
Greater interpretational weight was assigned to anomalies that coincided with ERT-delineated weathered or fractured zones and 
were consistent with the expected geological conditions. Locations where both methods identified corresponding subsurface features 
were classified as favourable hydrogeological zones and potential targets for groundwater development (Adeniji et al., 2024). 
In the absence of borehole lithological logs, pumping-test results, and confirmed groundwater-interception depths, the PQWT 
responses were treated as complementary rather than confirmatory evidence. Integrating the PQWT anomalies with the ERT models 
improved the characterization of the weathered and fractured basement system, reduced ambiguity in the interpretation, and 
provided a stronger basis for prioritizing potential borehole locations. However, exploratory drilling, borehole logging, pumping 
tests, and water-quality analyses are required to confirm the lithology, aquifer thickness, groundwater yield, and suitability of the 
identified targets. 

 
Figure 3: PQWT subsurface responses showing (a) Multi-frequency station-response curves, (b) Two-dimensional subsurface 

response section and (c) Three-dimensional subsurface response model. 
 
D. Integrated ERT and PQWT Analysis 
The integrated interpretation of the ERT and PQWT datasets clarified subsurface hydrogeological conditions at Oban Farmland. The 
ERT sections supplied quantitative information on lateral and vertical resistivity variations, enabling the weathered regolith, 
fractured or partly weathered basement, and relatively fresh crystalline basement to be differentiated. The PQWT survey provided 
supplementary reconnaissance information for determining whether conductive anomalies coincided with features identified by 
ERT. 
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The ERT models revealed conductive near-surface zones with resistivity values ranging from approximately 20.50 to 240.05 Ω·m. 
These zones were interpreted as weathered materials that may be clay-rich, moist, or water saturated. Their groundwater 
significance depends on their thickness, continuity, clay content, and hydraulic connection with deeper fractures. Low resistivity 
alone was therefore not regarded as definitive evidence of groundwater. Conductive zones connected to structurally disturbed 
basement were considered more favourable than isolated shallow anomalies. 
Intermediate resistivity values of approximately 885.00–1,125.00 Ω·m were associated with fractured or partly weathered basement. 
These zones are important groundwater targets because joints, fractures, and faults create secondary porosity and permeability 
within crystalline rocks that otherwise possess negligible primary pore space. Where fractures are open, interconnected, and linked 
to the overlying regolith, they can facilitate groundwater recharge, movement, and storage (Van Riet et al., 2022; Ewumi et al., 
2025). Their groundwater potential therefore depends more on fracture geometry and connectivity than on resistivity magnitude 
alone. 
The highest resistivity responses, approaching approximately 1,183.50 Ω·m along ERT-01 and 1,140.00 Ω·m along ERT-02, were 
interpreted as relatively fresh and competent crystalline basement. These rocks generally have low primary porosity and limited 
groundwater potential unless intersected by open fractures or fault-related structures (Aizebeokhai et al., 2018; Wali et al., 2019; 
Shuaibu, 2024). 
The PQWT results provided support where conductive anomalies coincided with weathered or fractured zones delineated by ERT. 
Locations where both methods indicated comparable features were assigned greater hydrogeological significance and prioritized as 
potential drilling targets. This correspondence increased confidence in the interpretation and reduced ambiguity associated with 
using one method. Nevertheless, PQWT responses were treated as complementary rather than confirmatory because conductive 
anomalies may also result from clay-rich materials, and the method lacks the quantitative inversion control of ERT. The integrated 
analysis therefore provided a practical framework for distinguishing favourable weathered and fractured zones from compact 
basement and prioritizing locations for borehole investigation. 
 

V. CONCLUSION 
This study assessed the groundwater potential of Oban Farmland, Akamkpa Local Government Area, Cross River State, using an 
integrated ERT and PQWT approach. The ERT models revealed variations in subsurface resistivity, ranging from approximately 
50.70 to 1,183.50 Ω·m along ERT-01 and from 20.50 to 1,140.00 Ω·m along ERT-02. These variations enabled the subsurface to be 
characterized into conductive weathered regolith, fractured or partly weathered basement, and relatively fresh crystalline basement. 
The most favourable groundwater conditions were associated with thick weathered materials that appeared hydraulically connected 
to fractured basement structures. These formations can provide groundwater storage within the regolith and secondary pathways for 
movement through interconnected fractures. The PQWT survey identified anomalies corresponding with several conductive and 
structurally disturbed zones delineated by ERT. Agreement between both datasets strengthened the selection of potential 
groundwater targets, although it did not independently confirm aquifer occurrence or productivity. 
Overall, integrating ERT with PQWT improved subsurface characterization and provided a defensible basis for prioritizing 
prospective borehole locations in the crystalline basement terrain. However, the interpreted targets should be validated through 
exploratory drilling, lithological and geophysical borehole logging, pumping tests, and hydrochemical analyses. These 
investigations are required to confirm aquifer depth, thickness, yield, hydraulic properties, and water quality and to support 
sustainable groundwater development for agricultural activities within Oban Farmland. 
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