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The integrated very low frequency of electromagnetic (VLF-EM) and vertical electrical 

sounding technique (VES) of electrical method were carried out to explore for 

groundwater resource in a very complex terrain within Akure metropolis. The VLF data 

was acquired at 10m interval along five traverses (TR 1 to 5). The conductive zones 

mapped on EM profiles and 2-D pseudo-section suspected to be fracture or localized 

features were further probed using a VES technique. A total number of 12 VES points 

were acquired to ascertain the fractured or contact zones. Relatively high conductivity is 

observed around the portion marked as F1, F2 and F3. VES conducted on these 

conductive zones acknowledged the suspected fractured or geologic contacts zone 

observed on the EM profiles. VES 1, 7 and 11 acquired on the conductive zones delineates 

both weathered and fractured layers with the resistivity values ranging from 80 to 490Ωm 

and 228 to 935Ωm respectively. These layers are considered to favour groundwater 

accumulation. VES acquired on the high resistive zones of EM profiles also showed high 

resistivity which may be not be prolific for groundwater development. The outcomes of 

this research may serve as a guide for sustainable water supply and water management 

plan. 
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1. INTRODUCTION

Water is one of the most essential resources throughout the 

world, without which man cannot survive for more than a 

week [1]. Water is important for the existence of a man 

nonetheless, its use for domestic and industrial purposes 

cannot be overemphasized [2]. According to the UNICEF 

article released in November, 2020, it was reported that the 

average amount of water required by a person daily is 9 litres 

while the minimum admissible range by National standards is 

between 12 and 16 litres per day [3]. Undesirably, a large 

number of people in some communities have to walk long 

distances to fetch water from lakes, streams and rivers most 

especially during the dry season. A report of survey, released 

by Nigeria’s Federal Ministry of Water Resources and 

UNICEF in 2019 revealed that about 33.3% of Nigerian 

population drink contaminated water and about 46 million still 

continue practicing open defecation thereby contaminating the 

surface water such as stream and lake [3]. Vulnerability of 

natural sources of water such as lake, ocean and river, to 

pollutants and contaminants has made them not suitable for 

human consumption. As inaccessibility to safe and clean water 

continue to pose a serious danger to those living in a very 

complex terrain, groundwater provides a better clean water 

due to its natural microbiological and chemical qualities [4]. 

Groundwater is the water found beneath the ground surface 

most especially within the pore spaces or voids in the rock. 

The appreciably porous zone in the subsurface provides a 

better accommodation for groundwater. This zone is not 

usually easy to find in the basement environment due to the 

geologic settings and heterogeneous nature of crystalline rock. 

In some environment, rocks that are extremely weathered or 

fractured would have to be delineated before groundwater 

could be successfully exploited. In order to delineate those 

weathered or fractured zone believed to be porous, a detailed 

geophysical investigation has to be carried out to understand 

the hydrogeologic settings of such complex basement terrain 

before citing a well or borehole. This deals with deployment 

of geophysical methods to determine structures, thickness, 

properties of subsurface layers etc. Acquisition of geophysical 

data help to effectively identify an aquifer and characterise 

them into hydro-geologically potential zones which is 

significant in the groundwater exploitation and decision 

making in groundwater development [5]. Very low frequency 

of electromagnetic (VLF-EM) and electrical resistivity (ER) 

methods are efficient tools for groundwater investigations [5]. 

Some authors have described VLF-EM as a reconnaissance 

tool for mapping fractures in the crystalline basement 

environment [5-8]. They succeeded in delineating some water 

bearing fractures and recommended those points for drilling. 

However, they are some deep seated fractures in a basement 

complex environment or an environment with conductive 

thick overburden that VLF-EM may not capture due to its 

shallow depth of investigation. It is necessary to integrate the 

EM method with other geophysical methods particularly ER 

method, to increase the success rate of exploration [8]. ER 

method has been adjudged efficient and has been effectively 

applied to environmental and hydrogeological related 

problems [9]. Braga et al. [10] 2006 applied ER method to 

solve aquifer vulnerability. They were able to delineate two 

types of aquifers namely confined and unconfined but we 

found out that they did not have challenge with groundwater 
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resource rather the unprotected capacity of the aquifer. 

Srinivas et al. [11] applied ER to solve saline water intrusion. 

They were able to delineate fresh and saline layers by 

estimating conductance anomalies in the subsurface without 

minding how prolific the strata they delineated is. 

Several researchers have integrated ER method with other 

geophysical methods in a typical basement terrain for 

groundwater investigations but result of the methods has not 

really emphasized the variation of prolific and non-prolific 

zone [5], [12-15].  

However, electromagnetic and electrical resistivity of 

geophysical methods are integrated in this research with the 

aim of delineating prolific zone that is fractured or weathered, 

depressed portion of basement and deep weathered zones to 

solve water scarcity in the complex environment. 

1.1 Site description 

The area at which this study was carried out is located close 

to Federal High Court Akure, South-western part of Nigeria. 

The area is bounded by northing coordinate 800020N and 

800700N and easting coordinate 746800N and 747400E in 

Universal Traverse Mercator (UTM). The study area is easily 

accessible through Akure-Igbatoro road (Figure 1). 

Figure 1. Description map of the study area 

1.2 Geology of the area 

The topography of the study area is characterised by high 

land and low land. The Northern part of the area is relatively 

elevated compared to the central and small part of south 

eastern side (Figure 2). The area falls under the geologic 

setting of migmatite gneiss and granite of complex rocks of the 

Precambrian Basement Complex of southwestern Nigeria [16]. 

Migmatite gneiss outcrop at the central part suggested that the 

underlying granitic rock in the study area might have been 

metamorphosed (Figure 3). The relief seems to have been 

influenced by the underlying geology and tectonic activities in 

the past. 

The area is classified into the tropical Savannah climate. 

The rainy season starts from late March to early October with 

the annual rainfall of about 1500 mm per annum while the dry 

season probably starts from November to March. 

Figure 2. Topographical map of the area 

Figure 3. A Geological map of Akure showing the study area 

(Modified after [7]) 

2. MATERIALS AND METHODS OF STUDY

The materials used are ABEM WADI, Omega terrameter,  

Global positioning system (GPS), tape rules, connecting 

cables, four electrodes, hammer, cutlass, four reels of cable 

wires, clips and data sheet. This research utilised the 

integration of electromagnetic and electrical resistivity 

methods of geophysics. 

2.1 Very low frequency of electromagnetic method 

The very low frequency method (VLF-EM) is a powerful 

tool for studying shallow conducting lineament features in the 

near surface earth [17]. Electromagnetic radiation generated in 

the low frequency band of 15–25 kHz was utilised because 

waves at low frequencies propagate effectively over long 
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distances within the ground surface and ionosphere [18, 19]. 

We used ABEM WAD equipment to acquire the raw real and 

filter real data. The data were taken along five traverses at 

station intervals of 10m. The five traverses were oriented in a 

direction perpendicular to the geologic strike (Figure 4). 

KHFFILT version 1.0 software [20] was used to process the 

raw and filter real data. The Q-factor readings computed 

through an equation [(Q4+Q3)-(Q2+Q1)] were plotted with 

the raw real values against the distance.  

2.2 Electrical resistivity survey 

A total number of 12 VES were carried out at selected 

locations based on the results obtained from the VLF surveys 

(Figure 4). We used Omega terrameter equipment to acquire 

the apparent resistivity data through the multiplication of 

displayed ground resistance (R) by its corresponding 

geometric factor. The maximum current electrode spacing 

(AB/2) reached was 100m. The apparent resistivity values got 

from the field were plotted against the current electrode 

spacing on a bi-log graph. The plotted points on the graph were 

then matched segment by segment with the theoretical curves 

through the aid of curve matching. True resistivity and 

thickness of each geo-electrical layers were estimated from the 

graph using a general calculation of layer resistivity (ρn) and

thickness ( hn ) [21]. These two parameters were used as

starting models for the computer iteration of WinResist 

Version 1.0 [22]. The results were presented as profiles and 

sections. The data were qualitatively and quantitatively 

analysed and interpreted to determine the groundwater 

potential. 

Figure 4. A Map of data acquisition of the study area 

3. DISCUSSION OF RESULTS

3.1 VLF-EM results 

The raw and filtered real plotted against distance are 

presented as profiles show the variation or distribution of 

conductivity within the study area (Figures 5a-e). The pseudo 

sections corresponding to the profiles are equally attached. 
Generally, it was observed that the VLF-EM profiles show 

some conductive zones, most especially where the peak 

positive of the Fraser filter coincides with the inflexion point 

of the raw real (cross over point of the raw real) across the 

traverses. The zone seen to be conductive may be as a result of 

some geologic features such as fractures, faults, geologic 

contacts or weathered basement filled with fluid or conductive 

mineralized rock. Figures 5a, b, c and d show several cross 

over points mapped as fractures (e.g., Figure 1 on Traverse 1, 

Figure 2 on Traverse 2 and Figure 3 on Traverse 3 at distances 

105m, 70m and 235m respectively). These points are zones 

suspected to be prolific for groundwater development in a 

basement terrain. The corresponding section which is a 

measure of conductivity also depicts the zones seen to be 

conductive.  

Suspected zones delineated on the profiles labelled Figures 

1-3 also show similar occurrence of higher conductivity on the

pseudo-section. These points are suspected to favour

groundwater exploitation. Figure 5a shows a highly resistive

structure on the section between distance of 175 and 205m.

The resistive body suspected to be a dyke structure or an

intrusion is known to impede the flow of groundwater.

Figure 5c shows the conductive bodies at distance of 240m 

lies between the enclosing resistive structures around the 

distance of 195-285m. The linear conductive structure is 

typical of a fractured or contact zone in the basement region 

while the other resistive structure on the traverse 3 between 

350-395m is typical of a shallow bed rock. A structure typical

of dyke is also observed on the traverse 4 between the distance

of 245 and 295m (Figure 5d).

Figure 5. (a) VLF-EM profile and its corresponding KH-

filter Pseudosection along Traverse 1 

Figure 5. (b) VLF-EM profile and its corresponding KH-

filter Pseudosection along Traverse 2 

F2 
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Figure 5. (c) VLF-EM profile and its corresponding KH-

filter Pseudosection along Traverse 3 

Figure 5. (d) VLF-EM profile and its corresponding KH-

filter Pseudosection along Traverse 4 

Figure 5. (e) VLF-EM profile and its corresponding KH-

filter Pseudosection along Traverse 5 

3.2 Vertical electrical sounding (VES) results 

The profiles of the 12 VES are shown in Figure 6. The 12 

sounding curves obtained from the study area were classified 

into four curve types namely H, A, K and KH, with H and KH 

having higher distributions (Figure 7).  

Generally, the five geo-electric sections were drawn along 

East-West direction with the similar trend of traverse direction. 

The VES delineates five subsurface layers which are top soil, 

partly weathered basement, weathered basement, fractured 

and fresh basements. Relatively high variation of the 

resistivity data at some VES positions depicts the complexity 

of the basement terrain in the study area.   

The resistivity of the top soil ranges between 67 and 

1377Ωm with thickness between 0.6 and 1.9m. This suggests 

the composition of clayey sand, sand and lateritic hardpan. 

Weathered layer resistivity ranging from 80 and 490Ωm 

suggests a lithological unit composed of sand and clayey sand. 

The thickness of weathered layer ranges from 1.7 to 33.5m. 

The resistivity of partly weathered basement and fractured 

basement ranges from 407 to 493Ωm and 228 to 935Ωm 

respectively. The resistivity of fresh basement ranges between 

511 and 13,316 Ωm. At traverse 1, a marked suspected 

fractured zone (F1) on the EM profile exhibits similar nature 

on the VES 1 curve with an evidence of fracturing at layer four 

of geo-electric section A-A’ (Figure 8). The resistivity of the 

fractured layer is 228Ωm which still favour groundwater 

exploitation (Figure 8). VES 2 position seen to be resistive on 

the EM profile shows a shallow overburden of about 4.8m with 

fresh basement of resistivity value of 5795Ωm. VES 3 

positioned beside the delineated resistive zone seems to have 

the same curve type but with thick weathered zone. VES 3 

position is believed to be a contact zone filled with materials 

suggested to have been weathered. Therefore a contact zone is 

a prolific region of groundwater accumulation to explore while 

undertaking geophysical survey for groundwater resource. 

VES 4 on traverse 2 also delineates a fractured basement 

mapped out on the EM profile.  

The VES 7 positioned on the suspected fractured zone 

(Figure 3) on traverse 3, delineates both the weathered and 

fractured zones with resistivity values of 297 and 935Ωm 

respectively (Figure 8). The VES 8 positioned on the resistive 

zone on the EM profile delineated shallow overburden without 

fractured zone (Figure 8; section C-C’). VES 11 positioned on 

the nearly inflection point of EM profile also delineates the 

fractured zone at section E-E’ (Figure 8). Results of VES 10 

and VES 12 confirm the resistive zones mapped on the EM 

profiles. 

a 
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Figure 6. Profiles of VES 1 - VES12 
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Figure 7. Pie chart of VES type curve distribution 

4. CONCLUSION

The integrated geophysical methods used in this study have 

significantly assisted in locating prolific positions for 

groundwater development. The EM method was able to detect 

some suspected fractured or contact zones most especially at 

Figure 1, Figure 2 and Figure 3 positions. The VES technique 

of electrical method employed to probe the suspected zones on 

the EM. 

Profiles further confirmed the VES 1, 4, 7 and 11 to be 

better prolific positions that can be drilled for groundwater 

abstraction. Interpretation of the EM has shown that the non-

conductive zone might not be prolific for groundwater. The 

quantitative interpretation of the VES also revealed the hydro-

geologic nature of the subsurface within the study area. The 

weathered and fractured zone are seen to be prolific for 

groundwater exploitation. The prolific positions delineated by 

VES 1,4,7 and 11 are recommended for drilling and logging in 

order to further characterise their aquifer. 

a 

b 
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Figure 8. Geo-electric Section along A-A’, B-B’, C-C’, D-D’ and E-E’ direction 
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