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ABSTRACT:This regional survey describes the resistivity measurements made in some selected Communities in 

parts of the Niger Delta area comprising mainly Rivers, Delta and Bayelsa States. The purpose of the survey is 

to evaluate the effectiveness of the method in locating portable groundwater aquifer as well as in delineating the 

entire area into different groundwater potential zones. The sounding results is based on DC method using the 

Vertical Electrical Sounding in 69 locations. The field data acquisition was carried out using the Abem 

terrameter. The data reduction, filtering and analysis were achieved using field computers and Schlumberger 

Automatic Inversion Program (SLINV) to produce the equivalent layering model and n-layers model of each 

sounding location. The model was used to construct the subsurface resistivity and to map out the zones of fresh 

water potentials using the Iso-paach and Iso-resistivity techniques. The geoelectric section represents the hydro 

stratigraphy and lithostratigraphy of the entire study area. The interpretations of the data revealed fresh water 

aquifer in most of the explored locations which is recharged from the water circulated from the Delta. The 

results of the interpretation reveal mainly six distinct geoelectric layers. On the basis of the resistivity data, it is 

possible to map out zones of groundwater potential. This was basically found to consist of fine grained – 

medium – coarse sands with high resistivity values (> 100Ωm) enough for prolific aquifer yield. The unaccepted 

low resistivity values experience in some parts of the areas is as a result of high iron content and manganese 

contamination prevalent in the area according to local geologic information. 
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I. INTRODUCTION 
Over ninety percent of fresh water available, at any given moment on the earth lies beneath the land 

surface as underground water[1]. In the Niger Delta area, quite a lot of work have been done on groundwater 

studies by some researchers[2-5]. Indeed, groundwater resources, although replenishable, is not inexhaustible. 

The increasing demand placed on it has stimulated this investigation oriented towards quantification of the 

resources which is basic to formulation of plans for its exploitation, management and conservation. However, 

subsurface structural conditions and the various controls which determine the presence and movement of water 

within geologic formation, is the key to the understanding of groundwater as a natural resource[6]. The source 

of subsurface water is rain and snow that fall to the ground. The infiltration continues until a zone of saturation 

is attained.  

However, formations or strata within the saturated zone from which ground water can be obtained for 

beneficial use are called aquifers[7]. The aquifer therefore stores and transmits water to wells or springs as a 

practical sources of water supply. Aquifers are highly saturated since they contain pores or open spaces, which 

are filled with water and these openings, must be large enough to permit water to move through them. Water in 

the zone of saturation is the only part of all subsurface water which is properly referred to as groundwater. The 

saturated zone may be viewed as a huge natural reservoir or system of reservoirs, whose capacity is the total 

volume of the pores or openings in the rocks that are filled with water[8]. Different kinds of aquifer systems 

exist within the subsurface of the Niger Delta Region, with some containing mineralized water, saline water and 

fresh water[9-11].  
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In this work, the earth resistively method is employed to explore and map the aquiferous zones in parts 

of the Niger Delta Region of Nigeria. Sixty-nine (69) vertical electrical soundings were conducted in parts 

Bayelsa and  Delta States. The method involves the direct introduction of low frequency alternating current by 

means of two electrodes connected to the terminals of a portable source of electromotive force. This method 

provides indirect evidence of subsurface formation that indicates whether the formation may possibly be aquifer 

[12]. The method does not directly measure types of rocks, porosity, permeability or density of any formation 

but it measures some other properties of the material that vary with the factors which determine whether a 

formation may be sufficiently porous and permeable to serve as an aquifer[13]. The interpretation of the VES 

points were carried out with the appropriate chanting software. Measurements of electrical resistivity show 

values that vary with certain aquifer characteristics. For instance, clean sand saturated with fresh water show 

relatively high resistivity whereas dirty sand containing clay show low resistivity[14]. It is then known that dirty 

sand has low permeability than clean sand. This implies that various types of earth materials generally exhibit 

characteristic values of resistivity. Strata of differing materials can be identified, that is, high resistive sands, 

gravel and sand stones may be differentiated from low resistive materials such as clay and shale[15].  

 

 
 

 

 

II. SITE DESCRIPTION AND LOCAL GEOLOGY 
The study area covers parts of Bayelsa States and the southwest corner of Delta State. The area is 

enclosed by latitudes 5
o
 and 4

o
 15’ and longitudes 5

o
30’ and 7

o
30’. It consists of a broad riverine area through 

which the River Niger enters the Atlantic Ocean dividing into numerous rivulets, which fan out into the sea. It 

also includes a number of tidal creeks separating Small Islands. Basically, the area consists of medium coarse to 

coarse unconsolidated sands with groundwater at the water table atmospheric pressure. The top sediments are 

aerated unconsolidated and highly variable thickness throughout the area[16, 17]. The subsurface geology of the 

Niger Delta consists of three lithostratigraphic units (Benin, Agbada and Akata Formations) which are in turn 

overlain by quaternary sediments. The Benin formation is about 2100m thick and is made up of over 90% 

massive, porous and coarse sands[18]. 

The high permeability of Benin formation, the overlying lateritic red sand and weathered top of the 

formation provide the hydrologic condition favoring aquifer formation in the area[19]. Groundwater potentials 

are very high due to the high permeability, high recharge potential and considerable aquifer thickness. The water 

in most of the area has high iron content and water table varying between 1.0m to 15.0m inland[17, 20].  

Generally, the sediments in the Niger Delta range in age from Paleocene to recent. Due to the more 

prolific character of Benin formation, their aquifers are expected to discharge more copiously than the Deltaic 

sediments[21]. Moreover, with little run-off and other loses, much of the water will go into storage. 

Figure 1: Map of Study Area Showing VES Locations 
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Nevertheless, the aquifers at shallow depths (10m) are unconfined while the deeper aquifers are confined and 

isolated from the ground surface. The water expected from the shallow layers are generally of low PH value 

(acidic) and high carbon dioxide. These waters are highly corrosive and soft. Besides, these waters contain high 

dissolved iron and needs treatment. The upper unconfined aquifer depths vary from 15m to nearly 100m[22]. 

The middle semi- confined aquifer consists of medium to coarse grained sands with clay lenses and fine clayey 

sands. This section ranges between 100m to 200m[23]. The confined aquifer extends from 200m to 300m depths 

and consists of coarse-grained sands and grained with some clay intercalates[24]. Generally fresh water is 

expected from this aquifer. 

The islands are lined with sandy ridges. There are good network of roads and tracks crisscrossing the 

study area accessible, (Figure 1) Most of the sounding points were carried out at roads adjoining the Towns and 

Communities. 

 

III. CLIMATE AND VEGETATION OF THE STUDY AREA 
The climate of the study area is tropical and dominated by two main seasons: the dry and rainy seasons. 

Average mean annual rainfall is over 2400 mm and according to hydro-geological studies over 40% of this 

infiltrate and recharge groundwater [25]. The soil profile is remarkably uniform throughout the area. 

Approximately, the whole areas consist of deeply weathered and intensely leached soil. The heavy rainfall 

coupled with the drainage nature of the sub soil is conducive for the high infiltration of rainwater. 

The proximity of Nigeria to the equator is responsible for the general high temperature. A mean annual 

temperature of 27
o
C is recorded in part of the Niger Delta Region. Minimum temperatures in the coastal states 

are highest in February, March and April and lowest in January and August. Relative humidity near the coast is 

about 80% to 100% at dawn and 70 to 80% in early afternoon at maximum temperature[26]. 

The vegetation cover is thick mangrove in a very swampy environment implying significant evapo-

transpiration effect. Run–off is limited following the thick vegetation; hence ground water recharge and storage 

is plentiful in this area. However, the water table is deep (>3m), hence chances of groundwater ex-filtration and 

evaporation is low. Generally speaking, the topography of the Benin formation is flat lying with the greatest 

height not exceeding 180m above sea level. The ground level however, slopes gently towards the Niger River 

flood plains, being directed mainly by the River systems. The vegetation is typically tropical rain forest. 

 

IV. MATERIALS AND METHOD 
4.1 Materials 

The survey equipment for resistivity measurement is quite simple comprising an Abem Terrameter 

SAS 300/log SAS 200, a – 12 V battery, four stainless steel electrodes, and calibrated tapes, four reels of high 

resistance cable, clips and hammers. This equipment is rugged and built to adapt to any field work manipulation. 

They are equally portable, accessible and can be moved about with ease. The resistivity meter, Abem SAS 

300/log SAS 200B can be used for both surface (VES) and down-hole log. It is powered by a 12V rechargeable 

battery which supplies the external power source by means of a cable in – built in the instrument. This transmits 

the power source to the ground through the electrode by means of the reels of cables spread to a distance 

varying between 700m to 1000m. 

 

4.2 Methodology 
The vertical electrical sounding (VES) survey using Schlumberger configuration was conducted at 

sixty-nine (69) sites distributed along different traverse locations (see figure 1) of the study area. With the 

Schlumberger array, the potential (MN) electrodes separation is kept constant while the current electrodes AB/2 

(as used in this project) spacing is increased in steps. A maximum current electrode separation AB/2 of 700m – 

1000m was marked out in this work. In each measurement, the digital averaging instrument (Abem SAS 300) 

displays the apparent resistivity directly. The readings are made possible as the four electrodes driven into the 

ground are connected to potential and current measuring terminals of the meter through the reels of cables. This 

procedure is repeated for each location along the marked profile as the depth of penetration of current into the 

ground (1/3 – 1/5) is increased with increase in the electrode separation. The electrode spread is observed to 

range from 3MN << L to 5MN << L.  

The value of the resistance (Ω) corresponding to the electrodes separation at each sounding points was 

recorded in the field data sheet. With these results, the apparent resistivity was calculated using the geometric 

factor for Schlumberger array. A 1-D inversion program was used for the final data interpretations. The detailed 

Sounding locations, no of layers, layer resistivities, layer thicknesses as well as elevation from surface is 

summarized in Table 1. Isopach and iso resistivity maps were constructed to properly define zones of freshwater 

potentials in the study area. 
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Table 1: Summary of resistivity measures in the study area 

 

V. RESULTS/INTERPRETATION 
5.1 Iso-Pach Contour Map of the Overburden 

To assess the actual groundwater potential of a location, it is necessary to have knowledge of thickness 

of the geologic soil profile of the sedimentary basin. A study of the contour map below (Figure2) gives 

comprehensive geohydrological information about the area, namely the variation of the alluvial thickness. It is 

observed that almost all the aquiferous zone appear thick enough for drilling productive boreholes over the 
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entire area. The iso pach map constructed are divided in general into five profiles consisting Profile I – South 

Eastern  zone (Bonny, Opobo, Andoni and part of Khana LGA), Profile II – Port Harcourt and Environs, Profile 

III – Old Ahoada LGA, part of Degema and Buguma, Profile IV – South Western part of Bayelsa State and 

Western Delta State. 

However, the depth to the fresh/saline water sedimentary basin (overburden thickness) beneath the 

sounding stations is as plotted and contoured in Figures 2 and 3 below. The overburden is assumed to include 

the topsoil, the lateritic horizon and the weathered sediments. The values vary from 0.2 to 230m. The iso-pach 

map reveals areas with thick overburden which corresponds to sedimentary depression of the area. Generally, 

areas with thick overburden and low percentage of clay in which the inter-granular flow is either dominant or 

important are known to have high groundwater potential. 

 

Figure 2: Iso-pach contour map of the study area 

 

Figure 3: 3D image Iso-pach contour map of the study area 

5.2 Iso - Resistivity Maps 
To study the subsurface resistivity distribution of the area, Iso resistivity maps at different elevations 

(relative to sea level) are presented in the figures below. Zones of different resistivity values are grouped in 

terms of magnitude as high (> 2000Ωm), moderately high (500 – 1000Ωm), moderately low (100 -500) Ωm and 

very low < 10Ωm. To make a meaningful interpretation of conditions pertaining to the resistivity characteristics 

of the area, which is a very important factor in determining aquifer characteristics; high resistivity below low 

resistivity formation is also delineated and indicated with special attribute to the iso resistivity maps. 3D image 

maps are also constructed to show the topography of the VES locations shown below. 

At AB/2 = 100m, Figure 4, which is 25m depth of penetration indicated high resistivity values across 

the study area. The resistivity values in this zone ranges from (100 – 4100)Ωm, except the areas covering VES 

4, 6, 15, 17, 18, 35, 37, 43 and 57 whose resistivity values fall as low as 3.3 Ωm to 51.2 Ωm, an indication of 

clay, brackish and saline water zones. The variations in the resistivity values can possibly be traced to the 
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variation in topography, geology or water quality and degree of saturation. However, the iso resistivity map is a 

qualitative interpretational tool which shows possible values in resistivity at the given electrode spacing and 

does not give the true resistivity of a definite geoelectric layer[3]. The image map, Figure 5, gives a clear picture 

of the land topography at the depth under review. 

 

 

Figure 4: Iso Resistivity Contour Map at AB/2 = 100 m of VES locations in the study area. 

 

 

Figure 5: 3D Image Iso Resistivity Map at AB2 = 100m of VES locations in the study area 

5.3 Subsurface Sequence / Geoelectric Section 
In order to have a clear picture the resistivity with depth, five resistivity cross section profiles were 

taken and illustrated below. Most of the VES field data interpreted here using the Schlumberger Automatic 

Program indicated five/six geoelectric layers as delineated from the study area. These include mainly the topsoil, 

the lateritic sand, and fresh water weathered sediments. 

The topsoil varies in composition from clay, sandy clay to sand and has layer resistivity varying from 

14.9Ωm (in the core mangrove zones) to 1,500Ωm (at the extreme northern parts) of the survey area. The 

thickness of the topsoil ranges from 0.3m to 4.8m. The lateritic sands have resistivity values ranging from 0.9m 

to 33.2m. The low resistivity encountered in this layer is as result of inter-fingering clayey sands and brackish 

water zone in some cases. These are illustrated in (Figures6 – 10) below. 

The fractured/weathered sand and medium to coarse sands constitutes the major component of the 

aquifer in the study area based on their thick overburden and relatively high resistivity values. Their 

permeability and porosity are well sorted for groundwater evaluation. 
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The resistivity in the subsurface sequence changes only with depth but does not change in the 

horizontal. (Loke 1999). Indeed, the geoelectric sections show the vertical distribution of resistivities within a 

given volume of rock. From the subsurface horizontal geoelectric sections, it can be further observed that the 

resistivity values at different depths reveal some interesting information about the subsurface lithology. It is 

clear that the northern part of the surveyed area is characterized by high resistivity values indicating the surface 

of water – bearing formation. Extreme high resistivity values may indicate an equivalent gravel – rich formation 

in the bedrock of the water – bearing section. In the southern part of the area under study, the resistivity values 

decrease showing probably increase in clay intercalations and saline water filled zone of saturation. 

5.3.1 Profile I 
This profile covers the extreme South Eastern part of the study area with orientation S900E comprising 

Bonny, Opobo, Andoni and part of Khana and Ogu/Bolo LGAs of Rivers State. This area basically falls within 

the mangrove vegetation of the Niger Delta. The resistivity cross section along this profile is presented in Figure 

6, with VES 44, 6, 15, 16, 5, 25 and 36, as can be seen, most part of the section are marked by a high resistivity 

top layer (> 1000 Ωm) with thickness in the range of 0.5 – 5m. The next layer is a resistivity structure with a 

reduced magnitude except at VES 25 whose second layer resistivity is 1590Ωm. This low resistivity continued 

vertically to a greater depth to the third, fourth and fifth layers across the profile. These low resistivity values are 

attributed to the usual clay and /or saline water zone characteristics of the formation of the area. The sixth layer 

is generally a high resistivity structure beneath the low resistivity layer. It consists of different resistivity values 

between 1700 and more than 2000 Ωm. 

 

 

Figure 6: Interpretive Resistivity cross Section across Profile I 

5.3.2 Profile II 
Profile II is located in Port Harcourt and its environs with VES 45, 49, 7, 21, 50, 47, 13 and 30 of the 

survey area. The entire formation within this profile indicated high resistivity throughout the section. The 

resistivity values range from 100Ωm to more than 4000 Ωm with thickness as much as 250m and above, the 

aquifer in this zone are often very prolific for a sustainable pumpage. The resistivity cross section is presented in 

figure 7. 
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Figure 7: Resistivity cross section across Profile II 

5.3.3 Profile III 
This profile covers the old Ahoada local Government area, part of Degema and Buguma consisting of 

VES 40, 11, 53, 8, 46, 43 and 10. The resistivity cross section of profile 111 is presented in Figure 8 below. The 

resistivity structure in the profile is marked by high resistivity top layer having values > 14 Ωm and thickness in 

the range of 0.5 – 4.8m in most part of the line. This high resistivity values trends out throughout the entire 

profile, a clear indication of portable and high yielding aquifers in the area. It is obvious that the water – bearing 

formation is mainly medium to coarse sands which contain prolific aquifer in the area. However, low resistivity 

values (<10 Ωm) were observed at VES 43 – Buguma at the fifth through the seventh layer. This is probably as 

a result of clay/saline water intrusion prevalent in the area. 

 

 

Figure 8: Resistivity cross section across Profile III 

5.3.4 Profile IV 

The geoelectric section (profile IV) covers the South Western part of Bayelsa State consisting of VES 

54, 51, 55, 56, 46, 53, 42 and 58 as presented in Figure 9 below. The VES results show that the aquifer in the 

area is highly variable in thickness and resistivity; the thickness being thinner in the vicinity of VES 43 and 46. 

The resistivity values of this zone are relatively thick enough for drilling productive groundwater boreholes over 

the entire area. However, available records of water quality of boreholes drilled in the area (Old Rivers State – 

DFRRI water Project Records, 1994) indicated high level iron content in the entire zone. These showed the 

probable drop in the resistivity values as clay and or salt water was least suspected in the surveyed area. 
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Figure 9: Resistivity cross section across Profile IV 

5.3.5 Profile V 

The geoelectric section of Profile V is as presented in Figure 10, consisting of VES 61, 69, 68, 87, 59, 

20, 64, and 60 covering mainly part of Western Delta and part of Bayelsa States. The resistivity values are quite 

high with thick thickness enough to sustain productive groundwater extraction. The resistivity values range from 

90 - 8000Ωm which is quite enough to indicate gravel-rich formation. Borehole yield in this area is expected to 

be very high in the zone. 

 

Figure 10: Resistivity cross section across Profile V 

 

VI. CONCLUSION 
Rivers, Bayelsa and Delta States form part of the Niger Delta region where these surveys were 

conducted. In the study of aquifer potential in parts of the Niger Delta area, sixty-nine (69) Schlumberger 

soundings were carried out in some selected Towns and communities of the area. The data are presented using 

one – dimensional Schlumberger Automatic program (SLINV.). The data are presented as Iso pach and Iso 

resistivity maps and resistivity cross sections using the VES data set. 

The iso pach map of the overburden and water distribution revealed the depth to the freshwater aquifer 

of the area. Boreholes located within sedimentary depression zones with relatively thick overburden, will give 

relatively high yield. Such area with thick overburden materials are porous formations for possible groundwater 

development most especially when the clay content is low. Indeed, this work has helped to delineate precisely 

aquiferous zones within the study area. The depth to aquiferous zones under each survey locations were found. 

Geoelectric sections which are related to the lithostratigraphic sections for the area has been constructed. 
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