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Abstract 

his research work gives an overview on the study of subterranean condition of Sule Lamido 

University Kafin-Hausa, Jigawa State using vertical electrical sounding (VES). A total of 20 

VES points were conducted using Schlumberger electrode array. The study area lies between 

longitudes 8.00°E to 10.15°Eand latitudes 11.00°N to 13.00°N and covered an approximate area of 2 

square kilometres. Interpretation was performed using computer softwares (IPI2win and surfer 

11).These interpreted data was then compared with the   borehole logs and geology of the area that 

shows a six layered formation. Clayey sand as the first layer, with thickness ranging from 0.051m to 

3.154m, mixed medium sand with coarse sand as the second layer, with thickness ranging from 

0.229m to  4.01m, mixed fine sand with medium to coarse sand as the third layer, with thickness 

ranging from 0.024m to 6.56m, medium to coarse sand with siltstone as the fourth layer, with  

thickness ranging from  0.027m to 11.321m, medium to coarse sand as the fifth layer, with thickness 

ranging from 0.080m to 42.756m  and medium to coarse sand  as the sixth layer with thickness 

ranging from 0.288m to 133.93m. The site manifest two types of aquifers, the confined aquifer and the 

unconfined aquifer with depth of 144m and 25m respectively. 
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Introduction 

Groundwater is a vital requirement for living things, it is very importance for plants, 

animals and particularly human. Population growth and development in various fields will 

increase the needs for water. Groundwater is essential for drinking water, household, 

industrial, irrigation, mining, urban and more. At world level, ground water was used 50% 

for drinking water, 20% for irrigation water, 40% for the needs of industry. Water scarcity is 

problem for human and other living things.(Sullivan & Hopkins, 2016). The development of 

available groundwater resources is a significant aspect of the provision of potable water in 

urban and rural settings. For years, various geophysical techniques have been employed 

either singly or in combination in the search for groundwater (Oladunjoye & Jekayinfa, 

2015). 

 

The most popular configuration in vertical electrical sounding (VES) is the conventional 

Schlumberger array, which has a symmetrical layout with electrodes spread on either sides 

of the array spread. (Olorunfemi&Olorunniwo, 1985). The electrical resistivity method can 

be used in a wide range of geophysical investigations, such as exploration for minerals, 

engineering investigation, geothermal studies, archaeological surveys and geological 

mapping (Anomohanran, 2013). 

 

Application of geophysical methods for groundwater exploration is based on the fact that 

certain physical properties of rocks change considerably with water content in them. (Davis 

and DeWest, 1966). These changes (in physical properties) constitute a physical boundary 

which is characterized by variation in density, conductivity and elastic properties. These 

variations make electrical resistivity, gravimetric and seismic methods of geophysical 

prospecting a useful tool in groundwater exploration. Each of these methods has varying 

degree of success in furnishing useful information regarding groundwater exploration 

(Hazel et al, 1988). Of all these methods, resistivity has an important attribute of responding 

to different materials than seismic and other methods, specifically to water content and 

salinity of subsurface units (Mooney, 1980). In line with this, the D.C resistivity method was 

employed. 

 

The technique involves inducing an electric current into the ground by means of two 

implanted electrodes and measuring the difference in potential between two other 

electrodes, referred to as the potential electrodes. The electric current used is the direct 

current provided by a dry cell. Therefore, analysis and interpretation of the geo-electric data 

are on the basis of direct current. The resistivity computed from the measurement of 

induced current and the potential difference is referred to as the “apparent resistivity”. This 

measurement is based on the assumption that the ground is uniform. However, in reality, 

the resistivity of the earth is determined by inhomogeneous lithology and geological 

structures. Therefore, a graph of apparent resistivity against current electrode spacing is 

used to determine vertical variation in formation resistivity. Interpretation of this graph 

gives the true resistivity and depth of the geo-electric layers and is also used to ascertain the 
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presence or otherwise of groundwater aquifers in the area. The parameters that are known 

to affect the estimation of groundwater resources include aquifer thickness and the size and 

degree of inter connection of pore spaces within the aquifer material (Anomohanran, 

2013).These properties affect the ability of an aquifer to store and transmit groundwater 

(Tizro, et al., 2014). 

 

Groundwater exploration is becoming more and more importance resource in Nigeria due 

to the ever increasing need for water supplies, especially in areas with inadequate surface 

water supplies. Already, ten percent of the world’s population is affected by chronic water 

scarcity and this is likely to rise to one-third by about 2025 (WHO, 1996). The water scarcity 

experienced by the people, led to the search for surface water supply. Surface water, which 

mostly occurs as rivers are subjected to pollution. It is sad to say that most of the rivers in 

Nigeria are highly polluted, the pollutants being inadvertently introduced by man via 

industrial and petroleum exploration activities (Length, 2012). 

 

However, Despite the reported favorable ground water situations the world over, the 

Nigeria situation appears to be restricted by the fact that more than half of the country is 

underlain by sedimentary formations. These rocks comprise mainly sand stones, shales, 

clays and hard crystalline impervious rocks which are either igneous and limestone 

(Offodile, 1983). 

Sule Lamido University Jigawa State was established in the year 2013 with few completed 

structures and many at the point of completion. There are many sites slated for future 

development. However, the water supply was mainly sourced from boreholes, these 

connote that great work has to be done to optimally manage the environment and this 

should be at early stage of the take up point of this institution. This study prove very 

important as establishment of engineering structures would corroborate with population 

rise within the campus to impact the environment and its constituents, more especially the 

ground water.  

 

Therefore, the urgent need to safeguard the environment is enormous. Part of the needed 

efforts are to isolate, characterize, classify, and protect the aquiferous regions to strategize 

the drainage system and indeed to establish follow up  schemes in case of occurrence of 

pollution and other engineering failures. This study was embarked upon in order to use 

geophysical methods (electrical resistivity method) to characterize the subsurface condition 

of the inaccessible part of Sule Lamdo University Kafin-Hausa in order to serve as a 

benchmark upon which future studies and developmental plan could be referred. 

 

This research is aimed at understanding the real subterranean/underground condition of 

Sule Lamido University Kafin Hausa Jigawa state for ground water exploration and also 

investigating the aquifer types and depth of exploration of the area in search of ground 

water and other developmental activities that are yet to commence in the university. 
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Location of the Study Area. 

Jigawa State is one of thirty-six states that constitute Federal Republic of Nigeria. It is 

situated in the north-western part of the country between latitudes 11.00°N to 13.00°N and 

longitudes 8.00°E to 10.15°E. Kano State and Katsina State border Jigawa to the west, Bauchi 

State to the east and Yobe State to the northeast. To the north, Jigawa shares an international 

border with Zinder Region in The Republic of Niger, which is a unique opportunity for 

cross-border trading activities. Government readily took advantage of this by initiating and 

establishing a Free-Trade Zone at the Border town of Maigatari   local government of Jigawa 

State Nigeria. 

 

 

 

 

 

Figure(2) : Location of The Study Area.(Sources: GIS laboratory  Bayero University Kano.) 

 

Kafin- Hausa is among the twenty seven local government that constitute Jigawa State and it 

falls in Hadejia emirate (north eastern part of the state).It borders with Bauchi state to the 

south and east, with Auyo local government to the north. To the west Kafin Hausa shares 

border with Dutse emirate sharing local government border with Miga, Jahun and Kiyawa 

local governments. 

 

 

 

 

 

 

 
 

 

Figure (3): Map of Kafin Hausa Showing the Study Area (Source: GIS Laboratory Bayero University Kano) 
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Climate, Geology and Hydrology of the Study Area 

The southern part of Jigawa comprises the Basement Complex while the northeast is made 

up of sedimentary rocks of the Chad Formation. The northwest and southern parts of the 

state are underlain by granites, schist and gneisses of the basement complex. The ancient Pre 

Cambrian rocks of the basement complex are separated from the younger sediment of the 

Chad Formation by a hydrological divide, which runs through Kiyawa, Dutse and 

Yankwashi. Kafin Hausa is located closed to the hydrological divide within chad formation. 

The Chad formation occupies the northeastern parts of the state (where Kafin-Hausa lies). 

However, the basement complex rocks have undergone weathering to give rise to fairly 

deep soils which are often covered by a sheet of laterite which has been exposed by 

denudation in some places. 

 

 

Figure (4): Geological map of Nigeria.(Source: www.wikipidia.com) 

The main rivers are Hadejia, Kafin Hausa and Iggi Rivers with a number of tributaries 

feeding extensive marshlands in north-eastern part of the State. Hadejia-Kafin Hausa River 

traverses the State from west to east through the Hadejia-Nguru wetlands and empties into 

the Lake Chad Basin.The climate of Jigawa State is semi- arid, characterized by a long dry 

season and a short arid wet season. The climatic variables vary considerably over the year 

and are erratic. The temperature out regime is warm to hot. The mean annual temperature is 

about 25°C but the mean monthly values its range between 21°C in the coolest month and 31 

°C in the hottest month. 

http://en.wikipedia.org/wiki/Basement_%28geology%29
http://en.wikipedia.org/w/index.php?title=Chad_Formation&action=edit&redlink=1
http://en.wikipedia.org/wiki/Hadejia_River
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http://en.wikipedia.org/wiki/Lake_Chad_Basin
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Figure(4): Hydrological map of Nigeria.(Source: www.wikipidia.com) 

 

 

Materials and Method 

Equipment and materials used for this research work are: Allied OhmegaTetrameter, 

electrodes (two current electrodes and two potential electrodes) cables on wheels, measuring 

tapes, hammers, battery (as a powersource), cutlass, Recording sheet and global positioning 

system(GPS). 

 

Twenty (20) Vertical Electrical Sounding (VES) using D.C resistivity method was carried out 

in the study area, which covers a period of four month starting from August to November 

2015. The maximum and minimum current electrode spacing is 100m and 1m respectively 

while the maximum and minimum potential electrode spacing is 10m and 0.5m respectively. 

The data were acquired using Schlumberger array. Profiles of 100m length that are not 

necessarily parallel to each other were established at different locations to cover the whole 

area under study as shown in Figure (5). 

 

Among all the geophysical technique used nowadays methods, the electrical resistivity 

method has been applied most widely for ground water investigations. For example the use 

of electrical resistivity profiling and vertical electrical sounding methods in delineation of 

various aquiferous units of southwestern Nigeria crystalline basement complex by 

Olorunfemi and Olorunniwo(1985), Olorunfemi and Opadokun(1986). The electrical 

resistivity method can be best employed to estimate the thickness of overburden and the 

thickness of weathered/fractured zones with reasonable accuracy. Though both Wenner 

and Schlumberger electrode configuration methods are popularly employed, the 

Schlumberger electrode configuration method is more suited to the study area, ensuring 

better results. The method has practical, operational and interpretational advantages over 

other methods such as the Wenner method of electrode arrangement(Zohdy et al.,1974). 

 

 



 
 

 
Dutse Journal of Pure and Applied Sciences (DUJOPAS) Vol. 4 No. 1 June 2018 

 

 
I.G Shitu, M. Salehmadobi, M. Ahmad, DUJOPAS 4(1):238-253, 2018                                                                         244 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (5):Geometric Arrangement of the Schlumberger Array 

Configuration (Source: Telford, 1990) 

 

In carrying out resistivity sounding   survey, electrodes are distributed along a line 

centered about a midpoint that is considered the location of the sounding. The electrode 

arrangement used in data acquisition is the Schlumberger array of electrodes. The 

Schlumberger survey involves the use of two current electrodes labeled A and B, and two 

potential electrodes M and N placed in line with one another and centered on some 

location. It is worthy to state that the potential and current electrodes are not placed   

equidistant from one another. To acquire the resistivity data in the field, current is 

introduced in to the ground through the current electrodes and the potential electrodes are 

then used to quantitatively measure the voltage pattern (Alabi et al.,2010). The geometric 

arrangement for this array is shown in Figure (5). The apparent resistivity data obtained 

from the measurements are presented on maps at various levels and they are useful in the 

first stage of interpretation. More realistic sections of the earth are obtained only after 

interpretation of the data in terms of true variations of the resistivity distribution. This is a 

very important step because it allows the estimation of the true position and depth of 

formations. 
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Figure (6): Data collection within the Vicinity of the Study Area 

 

Theoretical Background of the Study 

For a geometrically ideal situation with a current through a homogenous media in a well-

defined uniform cross section between two potential electrodes, using the ohms law, the 

resistance R is given by: 

2

I
V

r




         (1) (Ekowe, & State, 2011) 

V is the potential in volts, ρ is the resistivity of the medium and r is the distance from the 

electrode.  

For an electrode pair with current I at electrode A, and -I at electrode B (fig.5), the potential 

at a point is given by the algebraic sum of the individual contributions:  

Therefore V= VA +VB 
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   (3) 

rA and rB are the distance from the point between electrodes A and B.  

Two pairs of electrodes M and N (figure (5)) carry no current but are used to measure the 

potential difference between the points M and N.  

The potential V may be measured as 

V= VM -VN 
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  (5) 

VM and VN are potentials at M and N. AM is distance between A and M. AN is the distance 

between A and N.  

The distances are the actual distances between the respective electrodes, whether or not they 

lie on a line. 

Denoting 
1 1 1 1 1

2 AM BM BN AN

 
   

 
 = 

1

K
 then, equation (5) becomes 

I
V

k


      (6) 

Then, equation (6) gives the resistivity as 

KV

I
      (7) 

K is the geometric factor and only a function of the geometry of the electrode arrangement. 

Resistivity can be found from measuring values of V, I and K. 

KR      (8) 

Where 𝛒= apparent resistivity and K= is the geometric factor and only a function of the 

geometry of the electrode arrangement. 

 

Result 

The VES field data (Table1) was inserted into IP2win software and the various layer 

resistivities. Depth, thickness, altitude and number of layers were obtained from the graph 

of apparent resistivity against AB/2 (fig.7). The resistivities of various layers obtained were 

compared with the borehole log and the resistivities of some common geological formations 

commonly found in the area in order to know the stratigraphic setting of the study area. 

Thereafter, the thickness of each layer at each VES point were computed and then exported 

to surfer 11 in order to obtain the thickness of each layer one after another from layer one 

(top soil) up to the last layer. 
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Table 1: Field Data Table for VES 1 

DATE: 07/08/2015 OBSERVER: IBRAHIM GARBA SHITU. 

LOCATION:SULE LAMIDO UNIVERSITY 

KAFIN HAUSA, JIGAWA STATE. 

INSTRUMENT: OHMEGA SAS 1000. 

ELECTRODE ARRAY: SCHLUMBERGER TECHNIQUE: VERTICAL ELECTRICAL SOUNDING (VES) 

ELEVATION:  305m NUMBER OF SOUNDINGS: 20 

SITE DESCRIPTION 

SULE LAMIDO UNIVERSITY KAFIN HAUSA JIGAWA STATE, NIGERIA. 

 

 

 

 

S/N AB/2(m) MN/2(m) K(m) I (mA) V  (mV) R(Ω) 𝛒(ΩM) 

1 1.0 0.5 1.83 208.00 25.00 0.120 219.95 

2 2.5 0.5 2.33 168.00 13.00 0.077 180.29 

3 3.0 0.5 3.46 190.00 7.00 0.037 127.47 

4 4.0 0.5 4.05 205.00 2.00 9.756 39.51 

5 6.0 0.5 5.05 175.50 1.00 5.698 28.77 

6 7.0 0.5 5.49 165.50 0.60 3.625 19.9 

7 8.0 0.5 5.89 185.00 1.80 9.730 57.31 

8 10.0 0.5 6.63 215.50 1.60 7.462 49.22 

9 12 5.0 20.42 265.00 1.00 3.774 77.06 

10 14 5.0 22.37 185.00 1.20 6.486 145.10 

11 15 5.0 23.29 245.00 1.40 5.714 133.09 

12 17 5.0 25.05 190.00 2.40 0.013 316.42 

13 20 5.0 27.50 225.00 2.20 9.780 268.89 

14 25 5.0 31.21 180.00 1.80 10.00 312.10 

15 30 5.0 34.56 215.00 2.00 9.30 321.49 

16 40 10.0 40.52 240.00 2.40 10.00 405.20 

17 50 10.0 45.76 50.00 1.50 30.00 1372.00 

18 60 10.0 69.13 35.00 1.60 45.71 3160.00 

19 75 10.0 78.21 37.00 1.70 45.95 3593.00 

20 100 10.0 91.53 45.00 2.00 44.44 4068.00 
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Figure (7): sample of VES Curves for VES 1-3 and themodeled parameter table. 

 

Available geological controls such as borehole data, resistivity values of earth materials 

compiled from previous works were used in order to have a meaningful interpretation. This 

proved very important as the key to success of any geophysical survey in the calculation of 

the geological data with both mineralogical and geological ground truth information. 

Borehole log of Hadejia I and Hadejia II obtained from Kano State ministry of water 

resources were used in the interpretation of field data. The logs in addition to information 

on the stratigraphy and rock type, they carry resistivity logs. Thus, they provided the 

stratigraphic settings of the various areas and the resistivity of the various strata. On 

reviewing the logs, the regions have nine layers. But clayey sand and medium to coarse sand 

areas fall within the geological province of the study area and thus by extension, the area 

BLUE LINE: LAYERED MODEL CURVE. 

RED LINE: DIGITISED CURVE. 

BLACK DASH LINE: FIELD CURVE. 
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Key(m)  

under investigation could have six or five layers. Closer look at the logs, a layer with high 

resistivity at a depth of 64.0m could be identified even though the layer is sedimentary it 

must have been aquitard and thus it will not transmit water and thus there would be 

tendency of forming a barrier to percolation/infiltration of water and coupled with high 

overburden pressure could serve as absolute barrier. Consequently, it will be identified by 

water from above and below it. This analysis is supported by the resistivity low, above and 

below the layer. Thus any region with such layer could have unconfined and confined 

aquifer. Another important feature of the logs worthy of note is the small range of resistivity 

values in the strata. Table 1 shows the generated resistivity table of the study area. 
 

Table 2: Generated Resistivity values of rocks in the study area. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8(a) is the contour map of layer one (Top soil) that shows areas where the layer is 

thicker and areas where the layer is thinner. From the contour map, the blue color indicates 

thicker parts layer whereas the brownish color indicates thinner part of the layer.  

 

 

 

 

 

 

S/N 

 

ROCK TYPE 

 

RESISTIVITY RANGES (Ωm) 

1  Clayey sand 5– 80 

2 Medium sand + coarse sand 80 – 130 

3 Fine sand+ medium to coarse sand.  30 – 220 

4 Coarse sand 55- 120 

5 Medium to coarse sand with siltstone. 30 -180 

6 Medium to coarse sand               30 -150 

7 Partially weathered Basement 300 – 500 

8 Basement complex  500 and above. 
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Figure 8(a): Contour Map of Top Layer. 

The results from the sounding curves reveals that the top soil has an apparent resistivity 

ranging from 5 to 80Ωm which is classified as clayey sand and this layer has thickness at 

coordinates 9.8799720E (longitude) and 12.229450N (latitude) of thickness 3.154m.While in 

the coordinates 9.884010E (longitude) and 12.228720N (latitude) the thickness of the top soil 

is 0.051m which is the thinnest point on the layer as shown in Figure 8b. 

 

 

 

 

 

 

(i)      (ii)  

 

Figure 8b (i) and (ii): Thickness Distributions of the Top Layer. 

 

The Figure 8(c) shows the 3-D surface of layer one (clayey sandy) for the study area. The 

arrows indicates the thicker parts of the layer and the thinner parts of layer one for the 

whole study area. 

 

 

 

 

 

 

 

 

 

 
Figure 8(c): 3-D surface of first layer (Top Layer) 
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Table 3: Summary of the Results. 

 

 

 

 

Discussion 

All the strata have these complimentary values of these parameters but the fifth layer as it 

has low transmittivity due to hardening and presence of mixture of clay and siltstone. Thus, 

the layer does not support passage of water through it. Presence of clay leads to lower 

resistivity despite the high resistivity value of siltstone. Consequently, the layer six was 

taken as one of the aquiferous layer and where it is covered by layer five was taken as 

confined aquifer and layer four which is underlain by layer five was regarded as unconfined 

aquifer.  

 

The thickest part of the sixth layer corresponds with the thinnest part of the layer five, thus 

this part could be region of recharge to the confined aquifer. In addition, the thickness of 

layer six could have great control of the hydrology of the site as it has mean value of 

67.109m. However, even though the site manifest two types of aquifer, the confined aquifer 

could be at least taken to be a safest source of portable water at the current state. But proper 

strategies should be adopted as the reservoirs are vulnerable to contamination resulting 

S/N ROCK 

TYPE 

LOCATION 

(DEGREE) 

THICKNE

SS (m) 

LOCATION (DEG.) THICKN

ES (m) 

RESISTIVIT

Y RANGES 

(Ωm) LONG. LAT. LONG. LAT. 

1 Clayey 

sand 

9.8799720

E 

12.229450

N 

3.154 9.884010E 12.228720

N 

0.051 5 – 80 

2 Mixed 

medium 

sand with 

coarse 

sand 

9.889540E 12.230270

N 

4.014 9.878840E 12.22430N 0.228 80 – 130 

3 Mixed 

Fine sand 

with 

medium 

to coarse 

sand. 

9.8909980

E 

12.23150N 6.560 9.878880E 12.22650N 0.024 30 – 220 

4 Coarse 

sand 

9.8911610

E 

12.231610

N 

11.321 9.881960E 12.22410N 0.028 55 – 120 

5 Medium 

to coarse 

sand with 

siltstone. 

9.8911030

E 

12.228420

N 

42.756 9.891030E 12.22840N 0.080 30 – 180 

6 Medium 

to coarse 

sand 

9.8975730

E 

12.230370

N 

133.930 9.876030E 12.22240N 0.288 30 – 150 
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from anthropogenic activities. A more environmentally friendlier activity should be 

adopted. The recommended depth of borehole drilling for sustainable yield is 144m 

approximately when the thickness of the overburden layers  are integrated and that should 

be about the coordinates 9.8795730E (longitude) and 12.230370N (latitude) corresponding 

with the thinnest point on layer six. The unconfined aquifer would have higher yield at 

points with coordinates 9.8911610E (longitude) and 12.231610N (latitude) and if water is to be 

tapped from the unconfined aquifer, the recommended depth of drilling is about 25m.  

 

Conclusion 

At the end of this research work we were able to determine  the stratigraphic setting and 

their thickness ranges of the study area which is composed of six to seven layer namely: 

Clayey sand as the first layer with thickness ranging from 0.051m to 3.154m, Mixed medium 

sand with coarse sand as the second layer with thickness ranging from 0.228m to 4.014m, 

Mixed fine sand with thickness ranging from 0.028m to 11.321m, Medium to coarse sand 

with siltstone as the fifth layer with thickness ranging from 0.080m to 42.756m, Medium to 

coarse sand as the sixth layer with thickness ranging from 0.288m to 133.930m and Partially 

weathered basement as the seventh layer which is impervious. 

 

Moreover, we were also able to detect the various aquifer types and depth of exploration 

within the study area, namely; confined aquifer and unconfined aquifer with an 

approximate depth of exploration of 144m and 25m respectively. 

 

A more comprehensive study should be instituted that will cover the whole Kafin-Hausa 

and its surroundings in order generate better understanding of the subterranean condition 

of Kafin-Hausa local government. This is important as this study covered only the vicinity of 

SuleLamido University main Campus. 

1.  The study used 100.0m grid size for the investigation points, however, to generate a 

more comprehensive study of the area, a shorter grid size of about 50.0m is 

recommended. To this end, in order to increase the level of confidence as regards the 

knowledge of basement surface topography and stratigraphy of the site, this study 

recommends application of electrical imaging technique to be compliment by seismic 

imaging technique. This proved useful as vadose zone cannot be discriminated from 

zone of saturation from resistivity method alone. 

2. Proper drainage system and environmentally friendlier anthropogenic activities 

should be ensured to protect the ground water against contamination.   
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