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Abstract
The geology of the Niger Delta region, including Obio-Akpor Local Government Area of Rivers State, is dominated by coastal plain sands interbedded with clay and shale formations, giving rise to multilayered aquifer systems with variable hydraulic properties and productivity. Rapid urbanisation, oil and gas exploration, and infrastructure expansion have heightened groundwater demand while also raising concerns regarding aquifer vulnerability and environmental contamination. Despite growing dependence on groundwater resources in Obio-Akpor Local Government Area, detailed hydrogeophysical investigations focusing on aquifer characteristics, groundwater potential, and subsurface lithological distribution remain limited.  This study presents a hydrogeophysical investigation of groundwater potential and aquifer characteristics in parts of the Obio-Akpor Local Government Area, Rivers State, Nigeria, using electrical resistivity methods. Vertical Electrical Sounding (VES) employing the Schlumberger array was conducted at five locations to delineate subsurface lithology, aquifer depth, thickness, and groundwater potential zones. Resistivity data were analysed descriptively and interpreted hydrogeophysically. The geoelectric layer parameters obtained from the VES stations show apparent resistivity values ranged from approximately 12 Ωm to 980 Ωm, indicating heterogeneous sedimentary sequences dominated by clay, sandy clay, fine sand, and coarse sand units typical of the Niger Delta coastal plain sands. Aquifer horizons were identified at depths of 32-65 m, with thicknesses of 19-28 m. High resistivity values correspond to coarse sand formations characterised by enhanced permeability and groundwater storage capacity, whereas low resistivity values indicate clayey confining layers. The results suggest favourable groundwater potential within deeper sandy units, although integrated hydrochemical validation is recommended to confirm aquifer quality and sustainability. The findings provide baseline hydrogeophysical information for groundwater development, borehole siting, and water resource management in the Niger Delta region.
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1.0 Introduction
Groundwater remains one of the most dependable sources of freshwater for domestic, agricultural, and industrial uses globally, particularly in developing countries where surface water resources are often unreliable or vulnerable to contamination. In the Niger Delta region of Nigeria, rapid urbanisation, industrial expansion, population growth, and environmental pressures have intensified dependence on groundwater as a major potable water source (Eyankware et al., 2025). Groundwater plays a crucial role as a vital source of freshwater in the region, fulfilling fundamental requirements for drinking, agriculture, and industry in this densely populated and economically important area (El-Sayed et al., 2023). This growing reliance underscores the need for accurate delineation of aquifer systems, groundwater potential zones, and subsurface lithological characteristics to ensure sustainable groundwater development and management (Okiongbo & Akpofure, 2012; Ikpe et al., 2025).
Hydrogeophysical methods have become indispensable tools for groundwater exploration because they provide rapid, cost-effective, and non-invasive means of investigating subsurface geological conditions. Among these methods, the electrical resistivity technique is widely applied due to its sensitivity to variations in lithology, porosity, permeability, clay content, and groundwater saturation. Electrical resistivity measurements reflect the electrical properties of earth materials, which vary according to mineral composition, degree of consolidation, fluid content, and salinity, thereby enabling delineation of aquifer boundaries, groundwater depth, and confining layers (Keller & Frischknecht, 1966; Asfahani, 2013; Dewashish et al., 2014). These techniques offer numerous advantages, such as their field-friendly nature, ability to provide subsurface information at depths ranging from a few meters to hundreds of meters, and the availability of software for 2D and 3D interpretation (Ohwoghere-Asuma et al., 2020; Hussein et al., 2023).
Vertical Electrical Sounding (VES), particularly using the Schlumberger electrode configuration, is commonly employed for groundwater investigations in sedimentary environments because of its effectiveness in resolving vertical subsurface resistivity variations. This is a widely used geophysical technique for investigating subsurface conditions and has been successfully applied in various hydrogeological studies (Ibrahim et al., 2023). Studies have demonstrated the usefulness of resistivity techniques for groundwater potential assessment and aquifer characterisation in diverse geological settings, including crystalline basement terrains and sedimentary basins (Adeniyi et al., 2013; Adiat et al., 2013; Anomohanran, 2013). Furthermore, advances in hydrogeophysical modelling, including adaptive neural fuzzy inference systems, have enhanced groundwater vulnerability assessments and prediction accuracy (Agoubi et al., 2018).
The geology of the Niger Delta region, including Obio-Akpor Local Government Area of Rivers State, is dominated by coastal plain sands interbedded with clay and shale formations, resulting in multilayered aquifer systems of varying productivity (Chernicoff, 2007; Bija et al., 2018). Increasing urban development, oil and gas exploration, and infrastructural expansion have heightened groundwater demand while also raising concerns regarding aquifer vulnerability and environmental contamination (Jimoh et al., 2023). Hydrocarbon pollution, gas flaring emissions, and industrial activities in the Niger Delta have been linked to environmental degradation that may indirectly affect groundwater systems and ecological integrity (Okpoji et al., 2025a; Ogbaji et al., 2025).
Recent investigations integrating geophysical and hydrochemical approaches have highlighted the importance of multidisciplinary groundwater assessment for sustainable water resource management in oil-producing regions (Okagbare et al., 2025). Similarly, studies evaluating water quality and human health risks in urban communities of Rivers State have emphasised the need for continuous monitoring of groundwater resources due to potential contamination risks (Ekesiobi et al., 2026; Izuchukwu et al., 2026). Environmental inputs such as agricultural runoff, nutrient enrichment, and industrial pollutants have also been reported as potential threats to groundwater quality in the Niger Delta (Umueni et al., 2025; Okpoji et al., 2025b).
Despite increasing dependence on groundwater resources in Obio-Akpor Local Government Area, detailed hydrogeophysical investigations focusing on aquifer characteristics, groundwater potential, and subsurface lithological distribution remain relatively limited. Such investigations are essential for effective borehole siting, groundwater management, and mitigation of risks associated with over-exploitation and contamination. Therefore, this study employs electrical resistivity techniques using Vertical Electrical Sounding to delineate subsurface lithology, evaluate aquifer characteristics, and assess groundwater potential in selected parts of Obio-Akpor Local Government Area, Rivers State, Nigeria.
2.0 Materials and Methods
2.1 Study Area Description
The study was conducted in selected locations within Obio-Akpor Local Government Area, Rivers State, Nigeria, situated within the Niger Delta sedimentary basin. The area is predominantly underlain by coastal plain sands composed mainly of unconsolidated sand formations interbedded with clay, sandy clay, and shale units. These lithological sequences strongly influence groundwater occurrence, aquifer geometry, permeability, and vulnerability to contamination. Rapid urbanisation, industrial activities, and increasing groundwater demand in the region have intensified the need for hydrogeophysical investigations to support sustainable groundwater development and management (Okiongbo & Akpofure, 2012; Ikpe et al., 2025).
2.2 Research Design and Geophysical Approach
A hydrogeophysical investigation employing the electrical resistivity method was adopted to assess groundwater potential and aquifer characteristics within the study area. Electrical resistivity techniques are widely used in groundwater exploration because subsurface materials exhibit varying electrical resistivity depending on lithology, porosity, permeability, clay content, and fluid saturation. These variations allow delineation of aquifer horizons, confining layers, groundwater depth, and subsurface structural features without the need for invasive drilling (Asfahani, 2013; Dewashish et al., 2014). Vertical Electrical Sounding using the Schlumberger electrode configuration was selected because it is particularly suitable for layered sedimentary terrains and provides reliable depth penetration with minimal electrode displacement (Adeniyi et al., 2013).
2.3 Equipment and Materials
Field measurements were conducted using a digital resistivity meter (terrameter), metallic electrodes, connecting cables, measuring tapes, hammers, a Global Positioning System (GPS) receiver for station location determination, and field data recording sheets. The resistivity meter was calibrated before field deployment to ensure data accuracy. Data processing and interpretation were carried out using computer-assisted geophysical modelling software for resistivity curve interpretation and subsurface lithological characterisation. Electrical resistivity instrumentation has been widely applied in groundwater exploration and aquifer vulnerability assessment studies in sedimentary terrains (Adiat et al., 2013; Egbai et al., 2019).
2.4 Data Acquisition Procedure
Vertical Electrical Sounding measurements were carried out using the Schlumberger electrode array, in which two outer electrodes served as current electrodes while two inner electrodes measured the potential difference. Current electrode spacing (AB/2) was progressively increased to achieve greater depth penetration, while potential electrode spacing (MN/2) was adjusted where necessary to maintain measurable voltage readings. Apparent resistivity values were calculated using the relationship:
ρa = K(ΔV/I)
where ρa represents apparent resistivity, K is the geometric factor dependent on electrode spacing, ΔV is the measured potential difference, and I is the injected current. Survey stations were selected based on accessibility, hydrogeological significance, and minimal electrical interference. The application of geoelectric parameters in groundwater exploration has been widely demonstrated in hydrogeophysical investigations (Eyankware et al., 2022).
2.5 Data Processing and Interpretation
Apparent resistivity data obtained from field measurements were plotted against electrode spacing on logarithmic scales to generate resistivity sounding curves. Preliminary interpretation involved manual curve matching using standard master curves, followed by computer-assisted iterative inversion to estimate layer resistivity, thickness, and depth parameters. Lithological interpretation was based on established resistivity ranges for clay, sandy clay, fine sand, and coarse sand formations characteristic of the Niger Delta sedimentary environment. Electrical resistivity interpretation remains a widely accepted approach for aquifer property estimation in hydrogeophysical studies (Asfahani, 2013; Babasola & Nmoka, 2025).
2.6 Aquifer Characterisation
Aquifer characteristics, including depth to aquifer top, aquifer thickness, confinement conditions, and groundwater potential zones, were derived from interpreted resistivity models. Higher resistivity values were generally associated with coarse sand formations, indicative of higher permeability and groundwater storage capacity, while lower resistivity values corresponded to clay-rich formations that may act as confining layers. Hydrogeophysical assessments using resistivity data have proven effective for evaluating aquifer productivity and groundwater potential in sedimentary basins (Ikpe et al., 2025; Okagbare et al., 2025).
2.7 Quality Assurance and Control
Quality control procedures included proper electrode grounding to minimise contact resistance, calibration of the resistivity meter prior to data acquisition, repeated measurements at selected stations to confirm data consistency, accurate electrode spacing measurement using tapes, and avoidance of locations with significant electromagnetic interference. These measures are essential for ensuring the reliability and reproducibility of resistivity data in groundwater investigations (Egbai, 2011).
2.8 Data Analysis
Resistivity data were analysed descriptively and interpreted hydrogeophysically to determine subsurface lithology, aquifer depth, thickness, and groundwater potential zones. Results were presented in tabular and interpretative forms to support groundwater evaluation and borehole siting decisions. 
3.0 Results
The geoelectric layer parameters obtained from the vertical electrical sounding stations show apparent resistivity values ranging approximately from 12 Ωm to 980 Ωm. Low resistivity values between about 12 Ωm and 80 Ωm correspond mainly to clay and silty clay formations, indicating low permeability overburden. Intermediate resistivity values ranging roughly from 80 Ωm to 300 Ωm are associated with sandy clay and fine sand layers, suggesting moderate groundwater potential. Higher resistivity values between approximately 300 Ωm and 700 Ωm indicate coarse sand formations with favourable permeability, while very high resistivity values exceeding 700 Ωm, particularly up to about 980 Ωm, suggest highly productive aquifer units composed mainly of coarse sand or gravel.
Table 1 Geoelectric Layer Parameters and Lithological Interpretation from VES Stations
	VES Station
	Layer No.
	Apparent Resistivity (Ωm)
	Interpreted Lithology
	Hydrogeophysical Significance

	VES 1
	1
	18–95
	Clay / Sandy clay
	Low-permeability overburden provides aquifer protection

	VES 1
	2
	210
	Fine sand
	Moderately permeable unit with groundwater storage potential

	VES 1
	3
	520
	Coarse sand
	Main aquifer horizon with favourable permeability

	VES 2
	1
	12–60
	Silty clay
	An impermeable surface layer acting as a confining unit

	VES 2
	2
	140
	Sandy clay
	Semi-confined aquifer horizon with moderate groundwater potential

	VES 2
	3
	680
	Coarse sand
	High groundwater potential zone

	VES 3
	1
	20–75
	Clay
	Protective clay confining layer

	VES 3
	2
	180
	Fine sand
	Shallow aquifer horizon with moderate permeability

	VES 3
	3
	750
	Coarse sand / Gravel
	Principal aquifer unit with high transmissivity

	VES 4
	1
	40–110
	Sandy clay
	Semi-permeable formation

	VES 4
	2
	240
	Fine sand
	Moderately productive aquifer horizon

	VES 4
	3
	980
	Coarse sand
	Highly productive aquifer formation

	VES 5
	1
	15–80
	Clay / Silt
	Low-permeability confining layer

	VES 5
	2
	130
	Sandy clay
	Secondary aquifer unit

	VES 5
	3
	610
	Coarse sand
	Primary aquifer horizon


Aquifer depth distribution indicates that groundwater occurs at depths ranging approximately from 32 m to 65 m below ground surface. Aquifer thickness varies between about 19 m and 28 m, indicating moderately thick water-bearing formations capable of sustaining groundwater abstraction. Confined aquifers were identified at depths around 36 m to 41 m where clay overburden overlies permeable sandy formations, while semi-confined aquifers occur at shallower depths, particularly around 32 m to 41 m, suggesting partial hydraulic connectivity with surface recharge.

Table.2 Aquifer Depth Distribution, Thickness, and Confinement Characteristics
	VES Station
	Depth to Aquifer Top (m)
	Depth to Aquifer Base (m)
	Aquifer Thickness (m)
	Aquifer Type
	Hydrogeophysical Interpretation

	VES 1
	40
	62
	22
	Confined
	Thick sandy aquifer protected by clay overburden

	VES 2
	38
	65
	27
	Confined
	Deep aquifer with good storage potential

	VES 3
	32
	58
	26
	Semi-confined
	Moderately deep aquifer

	VES 4
	36
	64
	28
	Confined
	Highly productive aquifer

	VES 5
	41
	60
	19
	Semi-confined
	Moderately thick aquifer suitable for abstraction


Groundwater potential classification based on resistivity values shows that resistivity values below 80 Ωm correspond to clay and silt formations with low groundwater potential. Resistivity values between 80 Ωm and 300 Ωm indicate sandy clay and fine sand units with moderate groundwater storage capacity. Values between approximately 300 Ωm and 700 Ωm correspond to coarse sand formations with good groundwater potential, while resistivity values exceeding 700 Ωm, reaching up to about 980 Ωm, indicate highly permeable coarse sand or gravel formations associated with very high groundwater productivity.

Table 3 Groundwater Potential Classification Based on Resistivity Values
	Resistivity Range (Ωm)
	Dominant Lithology
	Hydrogeophysical Characteristics
	Groundwater Potential Classification

	< 80
	Clay / Silt
	Very low permeability; confining layer
	Low

	80–300
	Sandy clay / Fine sand
	Moderate porosity and permeability
	Moderate

	300–700
	Coarse sand
	High permeability and groundwater storage
	High

	> 700
	Coarse sand / Gravel
	Very high transmissivity and aquifer productivity
	Very High




4.0 Discussion
The electrical resistivity investigation carried out in parts of Obio-Akpor Local Government Area revealed significant subsurface lithological variability, with apparent resistivity values ranging approximately from 12 Ωm to 980 Ωm. These variations reflect the heterogeneous nature of Niger Delta sedimentary formations, which are typically composed of alternating clay, sandy clay, fine sand, and coarse sand layers. Such multilayered subsurface conditions are consistent with previous hydrogeophysical investigations in southern Nigeria that identified resistivity contrasts associated with varying lithological and hydrogeological characteristics (Adeniyi et al., 2013; Okiongbo & Akpofure, 2012).
Low resistivity values generally below about 80 Ωm were interpreted as clay and silty clay formations. These layers typically exhibit low permeability and often function as confining units that restrict groundwater movement. The presence of such clay overburden is hydrogeologically significant because it can provide natural protection to underlying aquifers against surface contamination. Similar findings have been reported in resistivity-based aquifer vulnerability studies where clay-rich formations act as protective barriers in groundwater systems (Egbai et al., 2019; Babasola & Nmoka, 2025).
Moderate resistivity values ranging approximately from 80 Ωm to 300 Ωm were associated mainly with sandy clay and fine sand formations. These units are generally characterised by moderate porosity and permeability and are often indicative of semi-confined aquifer conditions. Previous geoelectric studies have demonstrated that transitional resistivity zones frequently correspond to aquifers capable of storing moderate groundwater quantities, particularly in sedimentary environments where lithological transitions are gradual (Adiat et al., 2013; Eyankware & Aleke, 2021).
Higher resistivity values between about 300 Ωm and 700 Ωm were interpreted as coarse sand formations, which are typically associated with favourable groundwater potential due to higher porosity and permeability. Such formations often constitute productive aquifers capable of supporting sustainable groundwater abstraction. Resistivity interpretation studies have consistently shown that coarse sand formations with higher resistivity values tend to correlate with improved aquifer transmissivity and groundwater yield (Asfahani, 2013; Ikpe et al., 2025).
Very high resistivity values exceeding approximately 700 Ωm, reaching up to about 980 Ωm in some locations, were interpreted as coarse sand or gravel deposits. These formations generally indicate highly permeable aquifer systems with significant groundwater storage capacity. Similar high-resistivity aquifer zones have been reported in resistivity tomography investigations where highly permeable sandy or gravelly formations correspond to productive groundwater reservoirs (Dewashish et al., 2014; Adeniyi et al., 2013).
Aquifer depth distribution within the study area ranged approximately from 32 m to 65 m, suggesting moderately deep groundwater occurrence typical of coastal plain sand formations in the Niger Delta. Aquifer thickness values between about 19 m and 28 m indicate sufficient groundwater storage capacity capable of sustaining borehole development. Comparable aquifer thickness and depth distributions have been reported in hydrogeophysical investigations of southern Nigeria, highlighting the suitability of resistivity methods for groundwater exploration in sedimentary basins (Bija et al., 2018; Ikpe et al., 2025).
Environmental factors remain important considerations in groundwater assessment within the Niger Delta. Industrial activities, hydrocarbon exploration, agricultural runoff, and urbanisation may contribute to groundwater contamination risks. Studies documenting hydrocarbon pollution, nutrient enrichment, and water quality deterioration in the region indicate potential pathways for contaminant migration into groundwater systems (Ogbaji et al., 2025; Umueni et al., 2025). Integrated geophysical and hydrochemical assessments have therefore been recommended to provide comprehensive groundwater resource evaluation and ensure safe potable water supply (Okagbare et al., 2025; Ekesiobi et al., 2026).
The hydrogeophysical investigation indicates that the study area possesses moderate to very high groundwater potential, particularly within deeper coarse sand formations. The presence of clay-rich overburden in some locations enhances aquifer protection, although continued monitoring is necessary due to increasing anthropogenic pressures in the Niger Delta region. Integration of geophysical exploration with hydrochemical analysis and environmental monitoring is essential for sustainable groundwater resource management and long-term aquifer protection.
Conclusion
The electrical resistivity investigation carried out in parts of Obio-Akpor Local Government Area, Rivers State, revealed heterogeneous subsurface conditions characterised mainly by clay, sandy clay, fine sand, and coarse sand formations typical of the Niger Delta sedimentary environment. Apparent resistivity values ranged approximately from 12 Ωm to 980 Ωm, reflecting variations in lithology and groundwater-bearing potential.
Aquifer horizons were identified at depths ranging approximately from 32 m to 65 m, with aquifer thickness varying between about 19 m and 28 m, indicating moderately deep groundwater occurrence with appreciable storage capacity. Coarse sand formations associated with higher resistivity values suggest favourable groundwater potential due to higher porosity and permeability, while clay-rich overburden layers may provide partial natural protection against surface contamination.
The study indicates moderate to very high groundwater potential within the area. However, integration of resistivity data with hydrochemical analysis, borehole lithologs, and pumping test results is recommended to ensure comprehensive groundwater evaluation and sustainable water resource management in the region.
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