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Abstract 

Groundwater is a critical resource in Nigeria, particularly within the crystalline basement complex terrains that underlie much of 

the country, where its occurrence is constrained to secondary fractures and weathered layers. This study presents an integrated 

geophysical survey combining Vertical Electrical Sounding (VES) and Frequency-Domain Electromagnetic (FEM) methods to 

delineate aquifer zones and identify an optimal borehole drilling site at a property in Asokoro, Abuja. The VES data, acquired 

using a Schlumberger array, revealed varying geoelectric sequences: a promising three-layer QHK-type curve at VES 1 indicating 

a deep weathering profile and a fractured aquifer, an unfavorable AA-type curve at VES 2 suggesting massive impermeable 

bedrock, and a highly favorable HKH-type curve at VES 3 signifying a well-developed, water- saturated fracture zone. To 

overcome site constraints and map lateral continuity, an EM survey was conducted, confirming a low resistivity anomaly 

indicative of a saturated fractured zone at depths of 120-150 m. Interpretation of the integrated data suggests a moderately low 

groundwater yield potential, with the aquifer confined within fractured basement rock. It is recommended to drill at the identified 

point to a depth of 140-150 meters to tap into the identified fractured aquifer unit, which is expected to function as a natural 

reservoir. 
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1. Introduction 

Groundwater serves as the primary source of potable water 

for over 60% of Nigeria's population, proving vital for domestic, 

agricultural, and industrial uses due to its reliability compared 

to seasonally variable and often polluted surface water sources 

[1]. The quest for sustainable groundwater development re-

quires precise geophysical investigations to identify viable aq-

uifers, especially within the Precambrian crystalline basement 

rocks that underlie about half of Nigeria's territory, including 

the Federal Capital Territory (FCT), Abuja [2, 11]. In these ter-

rains, groundwater occurrence is not inherent in the rock matrix 

but is confined to secondary porosity developed through weath-

ering and fracturing, creating complex aquifer systems [3]. 

The high spatial heterogeneity, variable fracture connectiv-

ity and localized recharge make hydrogeological assessment 
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in basement terrains particularly challenging (e.g., [4]). This 

study focuses on a site in Asokoro, Abuja, located within the 

basement complex terrain, with the objective of characterizing 

subsurface geoelectric layers via integrated geophysical meth-

ods (Vertical Electrical Sounding and Frequency-Domain 

Electromagnetic) to evaluate groundwater potential and deter-

mine an optimal borehole location. The investigation aims to 

determine the precise drilling spot and depth, recommend ap-

propriate drilling methodology (e.g., mud rotary for sedimen-

tary overburden or air hammer for basement rock), and pro-

vide an anticipatory yield classification based on geophysical 

signatures. The adoption of an integrated approach (VES + 

EM) is crucial in such almost impermeable crystalline terrains 

where single-method surveys often fall short in capturing lat-

eral and vertical heterogeneity [5]. Furthermore, the dwell of 

the zone in a region of increasing population and water de-

mand underscores the need for optimal borehole siting to 

avoid costly failures. Moreover, given the rapid urbanization 

of Abuja and the increasing surface sealing (roads, pavements) 

and changing land-use, recharge conditions are altered, poten-

tially reducing groundwater replenishment. 

Recent studies also highlight vulnerability of basement 

complex aquifers to contamination (e.g., nitrate intrusion) 

in the Abuja area [6]. In view of these considerations, this 

study contributes to the body of knowledge by providing 

an updated geophysical assessment of groundwater poten-

tial in a basement terrain in Asokoro, thereby aiding sus-

tainable water resource development in a rapidly urbaniz-

ing context [13]. 

2. Materials and Methods 

2.1. Study Area and Geological Setting 

2.1.1. Location and Climate / Rainfall 

The study area lies within the Asokoro district of Abuja, 

north-central Nigeria (approximate coordinates: 09°02′N, 

07°30′E), at an elevation around 585 m above mean sea 

level. The climate is characterized by a distinct wet season 

(roughly April to October) and a dry season (November to 

March). Mean annual rainfall for the Abuja FCT is typi-

cally in the range of ~1,100 to 1,400 mm, with peak rainfall 

usually occurring between July and September. Recharge 

to the basement aquifer system is therefore strongly sea-

sonal, with infiltration during the wet season (sometimes 

aided by fractures and weathered overburden) limited input 

in the long dry season. In basement complex terrains such 

as this, the thickness of the weathered zone, fracture con-

nectivity and recharge through the overburden become the 

controlling factors of aquifer development — and seasonal 

rainfall variability and land-use change further complicate 

the picture [7]. 

 

2.1.2. Geological Setting 

The study area lies within the north-central sector of the Ni-

gerian Basement Complex, part of the larger Pan-African oro-

genic belt [15]. The local lithology comprises migmatites, 

banded gneisses and granites, with later Pan-African granitic 

intrusions. The basement is largely impermeable except where 

fractures, joints, faults or weathered overburden create sec-

ondary porosity [3]. Detailed recent petrographic studies in 

the wider Abuja region (for example the Tsauni area in 

Gwagwalada, Abuja) indicate dominant migmatite-gneiss 

complex, metasedimentary schists, and fine-medium grained 

granites, cross-cut by younger Pan-African granite, diorite and 

pegmatites. Fracture/lineament orientations trend predomi-

nantly NE-SW and NW-SE, reflecting inherited structural fab-

rics of the basement terrain [8]. 

In the FCT region, previous work has documented that 

groundwater is primarily present in the weathered overburden 

and the fractured basement zone, with fresh massive bedrock 

offering negligible porosity [4, 14]. In many cases, overbur-

den thickness may exceed 20 m, but high yields are typically 

only achieved where there is well-developed fracture connec-

tivity and/or a thick weathered mantle [9]. The geology also 

includes lateritic caps, variable regolith and alluvial fill in val-

leys which may act as localized recharge zones. 

2.1.3. Hydrogeological Implications & Challenges 

From a hydrogeological standpoint, basement complex aq-

uifers pose several intrinsic challenges: 

The heterogeneity is high: small changes in fracture pat-

terns or weathering greatly influence yield and connectivity. 

A recent study in southwestern Nigeria using pumping and 

tracer tests found yields varying widely even within the same 

terrain due to variable connectivity of fractures [10]. 

Recharge is often limited and localised: Although rainfall 

may be moderate, recharge to the basement aquifer depends 

on weathered overburden thickness, surface infiltration, frac-

ture orientation/spacing and land-surface sealing. Especially 

in urbanising areas like parts of Abuja, surface sealing (roads, 

buildings) may reduce recharge. 

Depth to aquifer can be significant: Fractured basement 

zones may lie at depths of tens to over 100 m, making bore-

hole drilling costly and risky in absence of precise siting. 

Water quality and vulnerability: The shallow weathered 

layer may be susceptible to contamination (e.g., from septic 

systems, nitrates). A recent vulnerability assessment for the 

Abuja region revealed ~33% of wells exceed nitrate drinking-

water limits and linked high vulnerability with frac-

tured/weathered zones [6]. 

Spatial variability means that even adjacent VES/EM points 

may show markedly different potentials — underscoring the 

need for integrated geophysics and careful interpretation. 

Given these conditions, the application of an integrated ge-

ophysical survey (combining VES and EM) is applicable VES 

helps delineate vertical layering (weathered zone, fractured 

basement) while EM provides lateral continuity mapping of 
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anomalies (e.g., low resistivity saturated zones). By doing so 

in the Asokoro area, this study aims to reduce drilling risk in 

a high-value urban setting where borehole failures or under-

performing wells impose significant economic and social 

costs. 

2.2. Geophysical Methods 

An integrated geophysical approach was employed to 

achieve the study objectives. 

2.2.1. Vertical Electrical Sounding (VES) 

The VES survey was conducted using the Schlumberger 

electrode array configuration. This method involves increas-

ing the spacing between the current electrodes (A and B) while 

measuring the potential difference between the inner potential 

electrodes (M and N). The resulting apparent resistivity values 

were plotted against half the current electrode spacing (AB/2) 

on a bi-logarithmic graph. The curves were interpreted using a 

combination of manual curve matching and computer- assisted 

inversion techniques to derive the true resistivity, thickness, 

and depth of the subsurface geoelectric layers [5, 12]. 

2.2.2. Electromagnetic (EM) Survey 

To complement the VES data and provide a continuous sub-

surface profile, a frequency-domain electromagnetic (FEM) 

survey was conducted using the AIDU GOLDEN ROD 

(ADMT-300HT2) system. This portable, wireless tool was de-

ployed with a configuration of AB = 200 and MN = 2, provid-

ing a probing depth of approximately 200 meters. The EM 

method was crucial for mapping the lateral extent and connec-

tivity of aquifer structures identified at discrete VES points, 

overcoming the spatial limitations of the site. 

2.2.3. Data Processing and Integration 

Field data from both methods were processed and inter-

preted using Aidu Exploration software. The interpretation 

leveraged experienced-based models to produce layered resis-

tivity models and contoured sections, which were integrated to 

delineate aquifer zones and select the optimal drilling target ac-

curately. 

3. Results and Interpretation 

The integrated geophysical survey revealed significant var-

iations in the subsurface characteristics across the study area. 

The results from three Vertical Electrical Sounding (VES) 

points and one Electromagnetic (EM) profile are presented be-

low. 

3.1. VES 1 

Coordinates: N 09° 02' 21.8", E 007° 30' 51.6", Elevation: 

585 m. 

The VES 1 curve was interpreted as a three-layer geoelec-

tric sequence (QHK-type), which is highly favorable for 

groundwater exploration. The derived geo-electric parameters 

are presented in Table 1, and the interpreted curve is shown in 

Figure 1. 

Table 1. Geo-electric parameters for VES 1. 

Layer Resistivity (Ωm) Thickness (m) Depth (m) Interpretation 

1 227.4 1.4 1.4 Top Layer 

2 180.9 13.5 14.9 Weathered Layer 

3 58.4 35.7 50.6 Clay Rich Weathered Zone (Aquitard) 

4 610.6 - - Fractured Basement 

The sequence indicates a deep weathering profile with a protective lateritic cap, a clay-rich storage layer, and a well-defined, 

water-saturated fractured basement aquifer unit, suggesting very good groundwater potential at this location. 
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Figure 1. Interpreted VES 1 curve and subsurface model. 

3.2. VES 2 

Coordinates: N 09° 02' 22.7", E 007° 30' 51.0", Elevation: 

591 m. 

The VES 2 curve was interpreted as a four-layer AA-type 

curve, characterized by a consistent increase in resistivity with 

depth (38.8 → 132.0 → 578.0 → 31,982.0 Ωm). This signature 

is highly anomalous and unfavorable in a basement complex 

terrain, indicating a progressive lack of weathering and frac-

turing with depth, culminating in highly impermeable fresh 

bedrock. The complete absence of a conductive zone suggests 

a total lack of a water-saturated aquifer unit. 

3.3. VES 3 

Coordinates: N 09° 02' 22.5", E 007° 30' 50.2", Elevation: 

605 m. 

The VES 3 curve was interpreted as a three-layer sequence 

(HKH-type), which is excellent for groundwater exploration. 

The derived parameters are summarized in Table 2. 

Table 2. Geo-electric parameters for VES 3. 

Layer Resistivity (Ωm) Thickness (m) Depth (m) Interpretation 

1 579.6 1.2 1.2 Top Layer 

2 39.8 18.2 19.4 Clay Rich Weathered Layer 

3 100.7 47.8 67.2 Weathered/Fractured Basement (Aquifer Target) 

4 25,917.4 - - Fractured Basement 

 

This HKH-type curve indicates a protective clay layer over-

lying a well-developed, water-saturated fracture zone, suggest-

ing excellent groundwater potential. 

3.4. Electromagnetic (EM) Survey Results 

The EM survey provided a continuous 3D profile of the 

subsurface resistivity variations (Figure 2). The profile re-

vealed: 

Shallow depths (0-50 m): High resistivity values (3.6-

4.7 Ωm), corresponding to lateritic overburden and fresh 

bedrock, suggesting limited groundwater potential. 

Intermediate depths (60-120 m): Zones of moderate resistiv-

ity (2.0-2.8 Ωm) indicating weathered and fractured basement 

rocks. 

Target depth (120-150 m): A significant low resistivity 

anomaly (≈1.6-2.0 Ωm) between lateral distances 1.5-2.5, rep-

resenting a saturated fractured aquifer zone. 

Deep depths (160-200 m): Additional low resistivity pock-

ets (0.8-2.0 Ωm) signifying deeper groundwater-bearing for-

mations. 

The EM results corroborated the VES findings and were 

crucial for mapping the lateral continuity of the aquifer identi-

fied at VES 1, confirming the most promising groundwater 
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target at depths of 140 to 150 meters. 

 
Figure 2. 3D Electromagnetic isoline graph showing subsurface re-

sistivity distribution. 

4. Discussion 

The integration of VES and EM methods proved essential 

for a comprehensive understanding of the heterogeneous base-

ment complex aquifer system. The stark contrast between the 

results at VES 1/VES 3 (favorable QHK/HKH curves) and 

VES 2 (unfavorable AA curve) underscores the high variabil-

ity of aquifer properties over short distances, a well-docu-

mented characteristic of basement terrains [3, 4]. 

The identified aquifer units within the fourth geoelectric 

layer at VES 1 and the third layer at VES 3, with resistivities 

of 610.6 Ωm and 100.7 Ωm respectively, are interpreted as 

fractured basement zones. Their relatively lower resistivity 

compared to the massive bedrock (>25,000 Ωm) is attributed 

to saturation with relatively mineralized water, which in-

creases electrical conductivity [5]. The overlying clay-rich 

layers (e.g., 58.4 Ωm at VES 1) act as crucial aquitards, 

providing natural storage and protection from surface contam-

ination. 

The EM survey successfully addressed the primary limita-

tion of the VES method by providing a continuous lateral pro-

file. The identified low-resistivity anomaly at 120-150 m 

depth aligns with the predicted aquifer depth from VES 1 and 

confirms its lateral extent, thereby de-risking the drilling in-

vestment. The consistently high resistivity on the right-hand 

section of the EM profile (x = 4-5) correlates with the poor aq-

uifer conditions inferred from VES 2, validating the integrated 

approach. 

Based on the geophysical evidence, the groundwater pro-

spect is classified as moderately low. This assessment is based 

on the inferred fracture density and connectivity from the re-

sistivity values, which suggest that while a viable aquifer ex-

ists, its yield may not be prolific and will depend significantly 

on subsequent recharge over time. 

5. Conclusions 

This integrated geophysical investigation successfully char-

acterized the subsurface conditions at a site in Asokoro, Abuja. 

The key conclusions are: 

1) The subsurface geology comprises 3-4 geoelectric layers, 

culminating in a fractured basement aquifer system. 

2) The groundwater potential within the survey area is 

highly variable, with VES 1 and VES 3 showing favor-

able conditions and VES 2 showing unfavorable condi-

tions. 

3) The most promising aquifer zone was identified at a 

depth of approximately 140-150 meters, corresponding 

to a low-resistivity anomaly on the EM profile. 

4) The groundwater yield is anticipated to be moderately 

low, dependent on the connectivity of the fractured net-

work and recharge. 

It is recommended that a production borehole be drilled at 

the location of VES 1 to a depth of 140- 150 meters using the 

air hammer (down-the-hole) method suitable for basement 

rocks. Post- drilling pump tests are essential to accurately de-

termine the sustainable yield of the borehole. 

Abbreviations 

VES Vertical Electrical Sounding 

EM Electromagnetic 

FEM Frequency-Domain Electromagnetic 

FCT Federal Capital Territory 
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