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Abstract 
The transition zone between crystalline basement 

complexes and overlying weathered sedimentary 

sequences represents a critical geophysical target for 

groundwater exploration, mineral prospecting, and 

civil engineering applications. This study employs 

one-dimensional (1D) vertical electrical sounding 

(VES) using the Schlumberger array configuration to 

delineate the geoelectrical architecture and structural 

boundary between the Precambrian basement 

complex and weathered sedimentary overburden in 

Osochokodo, Okene Local Government Area, Kogi 

State, north-central Nigeria. A total of twenty-four 

VES stations were occupied along two parallel 

profiles (100 m spacing), with current electrode half-

spacing (AB/2) expanding from 1.5 m to 100.0 m. 

Field data were acquired using a Geopulse SAS 300 

terrameter and interpreted via computer-assisted 

iterative inversion (IPI2Win software) to generate 

geoelectric sections. 

The results reveal a heterogeneous subsurface 

comprising topsoil/weathered laterite (resistivity: 

20–782 Ωm; thickness: 0.3–9.4 m), 

weathered/fractured basement (resistivity: 44–1,658 

Ωm; thickness: 0.8–18.0 m), and fresh basement 

(resistivity: >700 Ωm) at depths exceeding 18 m. 

Notably, low-resistivity zones (10–80 Ωm) within the 

weathered layer are interpreted as hydrothermally 

altered pathways or clay-rich saturation zones, 

representing geoelectrical signatures of paleo-fluid 

circulation. The depth to fresh basement varies 

laterally across profiles, with a pronounced 

deepening trend from VES A1 to A2 and from B1 to 

B10, consistent with a regional northward basement 

dip slope. These findings correlate with lithological 

logs from proximal boreholes and exposed quarry 

sections, validating the geoelectrical model. 

The study demonstrates that Schlumberger VES is 

effective for mapping basement topography and 

identifying structurally controlled fluid pathways in 

polycyclic basement terrains. The delineated low-

resistivity anomalous zones have implications for 

groundwater accumulation, mineralization potential, 

and geotechnical foundation design in the Okene 

area. 
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I. Introduction 
The Precambrian Basement Complex of 

Nigeria occupies approximately 50% of the country's 

landmass and hosts significant mineral resources, 

groundwater aquifers, and geotechnical challenges 

(Obaje, 2009; Haruna, 2017). In north-central 

Nigeria, the Okene–Lokoja corridor represents a 

critical transition zone where crystalline basement 

rocks are juxtaposed against Cretaceous–Recent 

sedimentary sequences, creating complex subsurface 

architecture that is economically and 

environmentally significant (Annor and Freeth, 1985; 

Caen-Vachette and N'awueme, 1998). This 

geological boundary serves as a potential reservoir 

for groundwater, a trap for hydrocarbon migration, 

and a zone of structural weakness affecting civil 

engineering stability (Bayewu, 2011; Abubakar et al., 

2021). 

Electrical resistivity methods, particularly 

Vertical Electrical Sounding (VES), remain among 

the most cost-effective and widely applied 

geophysical techniques for subsurface 

characterization in basement terrains (Telford et al., 

1990; Olayinka and Yaramanci, 1999). The 

Schlumberger array configuration is particularly 

favored for 1D sounding due to its operational 

efficiency and superior depth resolution compared to 

the Wenner configuration (Zohdy, 1965; Loke et al., 

2020). In Nigerian basement complexes, VES has 

been successfully applied to delineate aquifer 

systems (Adeeko and Ojo, 2015; Ejepu et al., 2017), 

map fracture zones (Adeeko et al., 2019), and 
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characterize overburden thickness for foundation 

engineering (Adukwu and Fadele, 2012). 

Despite the geologic and economic 

importance of the Okene area, detailed geophysical 

characterization of the basement–sediment contact 

remains sparse. Previous studies have focused 

primarily on aeromagnetic fault mapping (Abubakar 

et al., 2021), iron ore petrography (Olade, 1978), and 

regional thermotectonic evolution (Annor and Freeth, 

1985). However, high-resolution electrical resistivity 

investigations targeting the shallow-to-intermediate 

subsurface (0–30 m) are lacking. This knowledge gap 

limits our understanding of weathering front 

geometry, fracture network distribution, and fluid 

circulation pathways—parameters essential for 

groundwater development, erosion control, and 

infrastructure planning. 

Furthermore, the Okene area has 

experienced multiple thermotectonic episodes, 

including Eburnean (~2,500 Ma) and Pan-African 

(~600 Ma) orogenies, which have generated fracture 

systems and hydrothermal alteration zones (Rahaman 

et al., 1983; Grant, 1978). These structurally 

controlled features often manifest as geoelectrical 

anomalies (low-resistivity zones) due to clay 

mineralization, fluid saturation, or weathering 

enhancement (Frohlich et al., 1996). Identifying such 

anomalies through resistivity surveying provides 

indirect evidence of paleo-thermal fluid activity and 

structural controls on subsurface permeability. 

This study aims to: (i) delineate the 

geoelectrical layering and depth to fresh basement 

beneath the Osochokodo area of Okene; (ii) map the 

lateral variation in weathered overburden thickness 

along two profiles; and (iii) identify low-resistivity 

anomalous zones indicative of hydrothermal 

alteration or fracture-controlled fluid pathways. The 

findings are expected to contribute to 

hydrogeological models, mineral exploration 

targeting, and geotechnical hazard assessment in the 

north-central Nigerian basement terrain. 

 

The Geological study area 

The study area is located in Osochokodo 

village, Okene Local Government Area, Kogi State, 

Nigeria, approximately bounded by latitudes 

7°34′46″–7°34′50″ N and longitudes 6°13′01″–

6°13′67″ E (Fig. 1). The region lies within the south-

western sector of the Nigerian Precambrian 

Basement Complex, near the boundary with the 

Middle Niger Sedimentary Basin (Adeleye, 1975; 

Obaje, 2009). 

 

 
Figure 1 shows the Map of Okene Local Government area 

 

Geologically, the Okene area is underlain by 

polycyclic crystalline rocks comprising migmatite–

gneiss complexes, amphibolites, Pan-African 

granitoids (older granites), and associated pegmatite 

dykes (Oyawoye, 1972; Odigi, 2002). The 

migmatites and gneisses are predominantly of 

Eburnean age (~2,500 Ma), while the granitic 

intrusions are Pan-African (~550 ± 100 Ma) (Caen-

Vachette and Umeji, 1987; Dada et al., 1994). The 

area has undergone at least four major thermotectonic 

episodes: Liberian (Archean), Eburnean (Early 

Proterozoic), Kibaran (Mid-Proterozoic), and Pan-

African (Late Proterozoic–Early Paleozoic) (Grant, 

1978; Rahaman, 1988). 

The basement rocks are overlain by a weathered 

regolith of variable thickness (typically 5–25 m), 
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composed of lateritic soils, clayey saprolite, and 

fractured basement remnants (Olorunfemi and 

Fasuyi, 1993). This weathered zone constitutes the 

primary aquifer in basement terrains, with 

groundwater occurrence controlled by the thickness 

and fracturing of the overburden (Adeeko and 

Muhammad, 2015; Mbiimbe et al., 2010). The study 

area is characterized by moderate topography, with 

exposures of granitic and metamorphic rocks visible 

in local quarry sites and erosion gullies, providing 

valuable ground-truth for geophysical interpretation. 

 

 

 

II. Methodology 
Survey and data acquisition 

The geophysical survey was conducted 

along two parallel profiles oriented approximately 

north–south, separated by 100 m, within the 

Osochokodo community. A total of twenty-four VES 

stations were established at 100 m intervals (twelve 

stations per profile). The Schlumberger electrode 

configuration was adopted, with current electrodes 

(A, B) expanded symmetrically about the sounding 

point while maintaining a small potential electrode 

(M, N) spacing relative to AB/2 (MN < AB/5), 

ensuring near-symmetric current distribution and 

minimal geometric distortion (Telford et al., 1990). 

 

 
Figure 2 shows the study area taken from the satellite Google the earth 

 

Current electrode half-spacing (AB/2) ranged from 

1.5 m to 100.0 m, corresponding to a maximum 

theoretical investigation depth of approximately 23–

33 m (using the standard depth-penetration criterion 

of 1/3 to 1/4 of AB). At larger spacing where 

potential differences became too small for reliable 

measurement, the MN spacing was increased from 

0.5 m to 1.0 m to maintain signal-to-noise ratio. 

Data acquisition was performed using a Geopulse 

SAS 300 terrameter. At each station, direct current 

was injected at multiple levels to stabilize readings, 

and apparent resistivity (ρₐ) was computed using the 

Schlumberger geometric factor: 

ρa=KIΔV 

where K is the geometric factor for the Schlumberger 

array: 

K=πMN/2(AB/2)2−(MN/2)2 

ΔV is the measured potential difference, and I is the 

injected current. Data quality was controlled by 

requiring a coefficient of variation <5% across at 

least three repeat measurements per electrode 

spacing. Outliers caused by near-surface cultural 

noise (buried utilities, fences) were flagged and 

down-weighted during inversion. 

 

Data processing and interpretation 

Field curves of apparent resistivity versus AB/2 were 

plotted and initially classified by curve type (e.g., K, 

H, A, Q, HK) to guide layer parameter estimation. 

Computer-assisted inversion was performed using 

IPI2Win software, which employs a least-squares 

iterative algorithm to minimize the misfit between 

observed and modeled apparent resistivity values 

(Maiti et al., 2011). 

The inversion workflow involved: 

1. Outlier removal: Discarding data points with 

polarity flips or poor repeatability; 

2. Initial model construction: Assigning 3–5 

horizontal layers with resistivity bounds 

informed by regional geology; 

3. Smoothness-constrained inversion: Applying 

regularization to prevent overfitting; 

4. Layer correlation: Matching interpreted 

geoelectric layers to lithological units using 
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established resistivity ranges for Nigerian 

basement terrains (Table 1). 

 

Table 1. Resistivity ranges for common lithological units in Nigerian Basement Complex terrains 

(modified from Olorunfemi and Fasuyi, 1993; Adeeko et al., 2019). 

Table 

Lithological Unit Resistivity Range (Ωm) Interpretation 

Topsoil / Laterite 50–900 Moisture-variable, organic-rich 

Clay / Saturated Zone 1–100 High conductivity, low porosity 

barrier 

Sand / Alluvium 10–800 Aquiferous, moderate conductivity 

Weathered Basement 20–500 Partially saturated, altered 

Fractured Basement 500–1,000 Jointed, moderate groundwater 

potential 

Fresh Basement >1,000 Unaltered, impermeable 

Geoelectric sections were constructed along each profile by interpolating layer boundaries and resistivity values 

between adjacent VES stations. The interpreted sections were validated against a proximal borehole log Figure 3 

(RUWASA borehole, ~2 km from the survey area) and exposed lithological sections in nearby quarry sites. 

 

 
Figure 3 shows the nearby bore hole log 

 

The Results 

The interpreted VES data reveal 2–4 geoelectric layers beneath the study area. Representative results for selected 

stations along Profiles A and B are summarized in Tables 2 and 3. The complete dataset for all 24 stations is 

available upon request. 
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Table 2. Interpreted geoelectric parameters for representative stations along Profile A. 

Station Layer Resistivity 

(Ωm) 

Thickness 

(m) 

Depth 

(m) 

Curve 

Type 

Inferred 

Lithology 

VES 

A1 

1 92.9 0.89 0.89 K Topsoil 

(lateritic) 

 
2 767.1 — — 

 
Fractured 

basement 

VES 

A2 

1 44.2 0.33 0.33 HK Sand (dry/wet) 

 
2 310.9 0.79 1.02 

 
Fractured 

basement 

 
3 702.3 — — 

 
Fresh basement 

VES 

A3 

1 156.4 1.20 1.20 K Topsoil 

 
2 45.8 12.50 13.70 

 
Weathered 

basement 

 
3 978.0 — — 

 
Fresh basement 

VES 

A4 

1 83.7 0.95 0.95 H Topsoil 

 
2 22.4 8.30 9.25 

 
Clay/weathered 

zone 

 
3 445.6 12.10 21.35 

 
Fractured 

basement 

 
4 2,340.0 — — 

 
Fresh basement 

 

 

Table 3. Interpreted geoelectric parameters for representative stations along Profile B. 

 

Station Layer Resistivity 

(Ωm) 

Thickness 

(m) 

Depth 

(m) 

Curve 

Type 

Inferred Lithology 

VES 

B1 

1 445.0 9.44 9.44 K Fractured basement 

 
2 575.2 — — 

 
Fresh basement 
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Station Layer Resistivity 

(Ωm) 

Thickness 

(m) 

Depth 

(m) 

Curve 

Type 

Inferred Lithology 

VES 

B2 

1 89.6 0.37 0.37 A Dry/wet sand 

 
2 1,658.4 — — 

 
Fresh basement 

VES 

B3 

1 67.3 0.50 0.50 H Topsoil 

 
2 18.5 14.20 14.70 

 
Clay-saturated 

weathered zone 

 
3 312.4 8.50 23.20 

 
Fractured basement 

 
4 4,560.0 — — 

 
Fresh basement 

VES 

B4 

1 120.5 1.10 1.10 K Lateritic topsoil 

 
2 55.2 16.80 17.90 

 
Weathered/fractured 

basement 

 
3 890.0 — — 

 
Fresh basement 

       

       

       

 

The Geoelecteic section interpretation 

Profile A exhibits significant lateral heterogeneity. 

At VES A1, the subsurface comprises a thin topsoil 

layer (0.89 m) overlying fractured basement at very 

shallow depth (~0.9 m), suggesting minimal 

weathering or possible basement ridge. Moving 

toward VES A2, A3, and A4, the weathered layer 

thickens progressively (up to ~21 m at A4), and a 

distinct low-resistivity clay/saturated zone (22.4 Ωm) 

appears at 0.95–9.25 m depth. This low-resistivity 

unit is interpreted as a hydrothermally altered or clay-

rich saturation horizon. The depth to fresh basement 

increases from <1 m at A1 to >21 m at A4, indicating 

a regional deepening of the basement surface. 
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Basement Complex                                                                         Weathering Sediment 

 

 

 

Figure 4 shows the geoelectrical section of profile A 

 

Profile B shows comparable variability. VES B1 and B2 reveal shallow basement (<10 m), while B3 and B4 

display thick weathered sequences (14–18 m) with pronounced low-resistivity zones (18.5–55.2 Ωm). The fresh 

basement resistivity values exceed 500 Ωm at all stations, consistent with unaltered crystalline rock. 

 

 
 

Basement Complex                                                                        Weathering Sediment 

 

 

 

 

Figure 5 shows the geoelectrical section of profile B 
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4.3 Resistivity Anomaly Mapping 

Low-resistivity zones (<100 Ωm) within the 

weathered/fractured layers are spatially correlated 

across both profiles. These anomalies are interpreted 

as: 

• Clay alteration zones: Resulting from 

prolonged chemical weathering of feldspar-rich 

basement rocks; 

• Fracture-controlled fluid pathways: 

Saturated joints and shear zones enhancing 

conductivity; 

• Possible hydrothermal imprints: Paleo-fluid 

circulation along structurally weak zones, 

consistent with the documented thermotectonic 

history of the Okene area (Annor and Freeth, 

1985). 

 

III. DISCUSSION 
Subsurface Architecture and Basement 

Topography 

The geoelectric sections reveal a laterally 

variable weathering front with depth to fresh 

basement ranging from <1 m to >23 m. This 

variability is characteristic of polycyclic basement 

terrains where differential weathering, faulting, and 

jointing create irregular basement topography 

(Olorunfemi and Fasuyi, 1993; Adeeko et al., 2019). 

The pronounced deepening of the basement from 

VES A1 toward A4 and from B1 toward B4 suggests 

a regional northward or northeastward dip slope, 

consistent with the regional structural grain of the 

Okene–Lokoja area (Annor and Freeth, 1985). 

The average thickness of the weathered 

overburden (~18 m) is comparable to values reported 

from other Nigerian basement terrains: Kaduna North 

(15.4 m; Bawallah, 2019), Ilorin (12–25 m; Oyeyemi 

et al., 2020), and Zainawa (1–21 m; Mbiimbe et al., 

2010). However, the extreme thinness at VES A1 (<1 

m) and B2 (<0.4 m) suggests localized basement 

highs or erosionally stripped zones, possibly 

controlled by NE–SW trending fractures documented 

in aeromagnetic studies (Abubakar et al., 2021). 

 

 Geoelectrical Signatures of Hydrothermal 

Alteration 

The most significant finding of this study is 

the identification of pronounced low-resistivity zones 

(10–80 Ωm) within the weathered layer. In basement 

terrains, such anomalies typically indicate either 

clay-rich saprolite or saturated fracture zones 

(Frohlich et al., 1996). Given the Okene area's well-

documented history of Pan-African hydrothermal 

activity and iron ore mineralization (Olade, 1978; 

Caen-Vachette and N'awueme, 1998), these low-

resistivity zones may represent paleo-hydrothermal 

alteration halos. 

Hydrothermal alteration of crystalline rocks 

typically produces clay minerals (kaolinite, smectite, 

illite) and iron oxides, which dramatically reduce 

bulk resistivity (Telford et al., 1990). The correlation 

between low resistivity and the transition zone 

between basement and sediment supports the 

hypothesis that structurally controlled fluid 

circulation has enhanced weathering and alteration 

along specific horizons. This has implications for: 

• Groundwater exploration: Low-resistivity 

fractured zones often represent high-yield 

aquifers (Adeeko and Ojo, 2015); 

• Mineral prospecting: Iron ore and associated 

metal deposits in the Okene area are linked to 

hydrothermal systems (Olade, 1978); 

• Geotechnical engineering: Clay-altered zones 

exhibit reduced shear strength and may pose 

foundation instability risks (Adukwu and Fadele, 

2012). 

 

Comparison with Borehole and Outcrop Data 

The interpreted geoelectric layers correlate well with 

the RUWASA borehole log (Fig. 2), which shows 

lateritic topsoil (0–1 m), sandy clay (1–5 m), 

weathered basement (5–18 m), and fresh basement 

below 18 m. The resistivity values obtained in this 

study (20–782 Ωm for topsoil/weathered layers; 

>700 Ωm for fresh basement) are consistent with 

established ranges for Nigerian basement terrains 

(Table 1) and with recent VES studies in Kaduna 

(Bawallah, 2019) and Abuja (Adeeko et al., 2019). 

Exposed quarry sections in the Okene area reveal a 

sharp contact between ferruginous lateritic soil and 

underlying gneissic basement, supporting the two-

layer geoelectric model observed at stations such as 

A1 and B2. However, the multi-layer sequences (3–4 

layers) at A3, A4, B3, and B4 indicate more complex 

weathering profiles, possibly reflecting variable 

lithology (granite vs. gneiss) or differential joint 

density. 

 

Limitations and Future Work 

This study is limited by the 1D nature of 

VES, which assumes horizontal layer boundaries and 

may not accurately resolve steeply dipping contacts 

or complex 2D/3D structures (Loke et al., 2020). The 

transition zone between basement and sedimentary 

cover is likely structurally controlled, and future 

work should incorporate 2D electrical resistivity 

tomography (ERT) or transient electromagnetic 

(TEM) methods to better image lateral 

discontinuities. Additionally, geochemical analysis 

of clay samples from the low-resistivity zones would 

confirm the hydrothermal alteration hypothesis. 

 

IV. CONCLUSION 
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This geoelectrical investigation of the Osochokodo 

area, Okene, has successfully delineated the 

subsurface architecture of the basement complex–

sedimentary contact zone using Schlumberger VES. 

The principal conclusions are: 

1. The subsurface comprises 2–4 geoelectric 

layers: topsoil/weathered laterite (20–782 Ωm), 

weathered/fractured basement (44–1,658 Ωm), 

and fresh basement (>700 Ωm), with depth to 

fresh basement varying from <1 m to >23 m. 

2. Low-resistivity anomalies (10–80 Ωm) within 

the weathered layer are interpreted as clay-

altered zones or fracture-controlled fluid 

pathways, representing geoelectrical signatures 

consistent with the documented thermotectonic 

and hydrothermal history of the Okene area. 

3. The weathered overburden thickens 

systematically along both profiles, suggesting a 

regional basement dip slope and providing 

targets for groundwater exploration. 

4. The geoelectrical model is validated by 

correlation with proximal borehole data and 

exposed lithological sections. 

These findings contribute to the hydrogeological 

and structural understanding of the north-central 

Nigerian basement terrain and provide a 

geophysical framework for groundwater 

development, mineral exploration targeting, and 

civil engineering planning in the Okene area. 
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