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ABSTRACT 

A direct current (D.C.) resistivity survey, employing the vertical electrical sounding 

(VES) at 39 stations evenly distributed, was carried out at the Eastern part of Ahmadu Bello 

University-Zaria, comprising Areas E, F, G, Faculty of Agriculture, A.B.U. Gymnasium, and 

Area BZ. The survey was carried out in order to understand the basement topography, 

tectonic history along the two river channels in the study area (River Samaru and River 

DanFodio), as well as possible sites or zones for locating boreholes. 

Results from the interpretation of the data collected suggest 3-4 geoelectric layers. 

The first layer whose resistivity values vary between 44-135OQm is associated with 

top soils (consisting of fresh and weathered laterite, clay and sandy clay, and Fadama loam); 

which has a thickness ranging from 1 and 8m. 

The derived geologic sections suggest that the second or third layer consists of either 

fractured basement or weathered basement, which constitutes the main aquifer of interest in 

the study area. The thickness of the weathered basement varies between 5 and 53m, with 

resistivity values ranging between 66 and 25OQm. 

The results of this work also show that the two rivers Samaru and DanFodio are 

structurally controlled because they originated prior to fractures. These two rivers constitute a 

great deal of the groundwater potentials of the study area. 

 

The fresh basement constitutes the third or fourth layer with resistivity values ranging 

between 1025 and 924 1am. It is shallowest at VES24 (East of Area F) with a depth of 7m 

and deepest at VES05 (53m), inside the Forestry Research Institute. 



 viii

Result from the radial depth sounding plots revealed 2-3 fault patterns along the two 

water courses; suggesting that the latter may have originated prior to faulting or fracturing 

rather than a mere erosion feature. 

 

The most prominent targets for boreholes are all along the Samaru River with the 

exception of VES24, all of Area E, F, and G, as well as Faculty of Agriculture compound, 

East of NAERLS, and the A.B.U gymnasium. 
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CHAPTER ONE 
INTRODUCT ION 

 
 

1.0 The Study Area 

Ahnudu BeIIo University (ABU) Zaria occupies the extreme northwest of the 

Kubanni River Basin-Zaria The Kubanni River itself occupies the central part of the southeast 

sector of the Zaria sheet (N0 102.5W) of the 1: 50,000 sheet series of the Nigeria ordinance 

survey imps. The Kubamii basin is approximately bounded by latitudes I 104’25”N aid 

11010’46”N and longitudes 7036’55”E ~yt~j 7044’12”F 

The study area (Fig.1 1) is &5 km long and 15 km wide; with the longest side along the 

Sokoto Road. Roughly it has an oval shape. Bo~mded to the southwest by Biye River, to the 

north by Sokoto Road mxl to the east by Danfodio River. The Samaru River flowing in the 

northwest; southeast direction bisects the study area into areas E and F to the west, aid Area 

BZ and the Faculty of Agriculture to the east.  

The study area has an effective land surflmce area of 4 km2. Most of the study area is 

occupied by residential quarters (BZ, E, F, aid (1) and the remaining part consists of the 

Faculty of Agriculture and the Gyninasiunt 

 

1.1 Physiography of the Study Area 

A. B. U., being part of the Kubonni river Basin in the Northern part of Nigeria, has a 

tropical savannah climate with very distinct dry and wet seasons (Olufenii, 1985) The mean 

animal rainfall fix Zauia over ~ period of 4~) years is about 1092 mm (Hore, 1970). The wet 

season usually starts in April and ends about September marking the beginning of the dry 

season. 
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The dry season occurs between October to March with mean daily maximum temperature of 

350C in April and drops to the minimum of 330C in October. As part of Zaria environs, the 

study area is a dissected portion of the Zaria-Kano plain, which developed on the crystalline 

metamorphic rocks of the Nigerian Basement Complex (Torkaski, 1972). Extensive 

exfoliation and chemical weathering have produced residual granitic inselbergs such as the 

one supporting the overhead water tank at Area BZ. There are no bills within the study area 

During the reshaping of the crystalline basement complex by the combined effect of 

weathering and river erosion, an extensive older laterite cover of possible paleocene age 

developed (Du Preez, 1956). This laterite is now preserved as low scarp-bounded plateau 

remnants, mainly interfluves. Such laterite plateaux can be seen to the south of Area G 

bordering River B~e, and south of Area BZ. Furthermore, water erosion has exposed the 

crystalline basement along the streams Biye, , and Samaru. 

The dissection of this older peneplain laterite and the formation of the younger laterite 

and older alluvium are the results of the Pleistocene erosion cycles (Du Preez and Barber, 

1965). During the phase of the geormrphological development, a sandy cover was deposited, 

part of which was laid directly above the basement and its mobilised cover (Tokarski, 1972). 

 

1.2 Geology, Hydrogeology, and Structures 

1.2.1 The Basement Complex 
The study area is underlain by PreCambrian rocks typical of the Nigerian Basement 

Complex covering in excess of 50% of the land surface of the Federation (Fig. 1.2), older 

granites outcrop in the stream valleys (River Biye, River Danfodio 
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1.2 Geology, Hydrogeology, and Structures 

1.2. The Basement Complex 

 The study area is underlain by PreCambrian rocks typical of the Nigerian 

Basement Complex covering in excess of 50% of the land surface of the Federation 

(Fig. 1. 2), older granites outcrop in the stream valleys (River Biye, , and Samaru). An 

instance of this outcrop is the presence of gneiss inselbergs supporting the overhead 

water tank in Area BZ. 

 

 The older granite are non-porphyritic and variably foliated. Foliation, where 

present, is defined by general regional alignments of tabular microcline porphyroblast 

up to 5 cm long (Trustwell and Cope, 1963). Crosscutting sheets and irregular masses 

of pegmatite, applite and vein quartz are widespread. 

 

 The gneiss complex, which is another basement rock present in the study area, 

is medium to coarse gained and moderately, to weakly foliated. They are principally 

made up of quaig oligoclase, biotite and occasionally porphyroblastic microcline 

(McCurry, 1970). 

 

 The summary of the different basement rocks found in the basin and which are 

covered by Quatemary to recent deposits can be summarized as 
 

Follows: 
 

1. Coarse porphyritic-biotite granite; 
 

2. medium-coarse grained biotite granite gneiss; 
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and Samaru). An instance of this outcrop is the presence of gneiss inselbergs supporting the 

overhead water tank in Area BZ. 

 The older granite are non-porphyritic and variably foliated. Foliation, where present, 

is defined by general regional alignments of tabular microcline porphyroblast upto 5 cm long 

(Trustweli and Cope, 1963). Crosscutting sheets and irregular masses of pegmatite, applite 

and vein quartz are widespread. 

 The gneiss complex, which is another basement rock present in the study area, is 

medium to coarse gained and moderately, to weakly foliated. They are principally made up of 

quartz, oligoclase, biotite and occasionally porphyroblastic microcline (McCurry, 1970). 

 
The summary of the different basement rocks found in the basin and which are 

 
covered by Quatemary to recent deposits can be summarized as follows: 
 

1. Coarse  porphyritic-biotite granite; 

2. medium-coarse gained biotite granite gneiss; 

3. applite granite with pegmatite and quartz veins cutting across most of the bodies and, 

4. Weathered basement, which is part of the basement complex that had been weathered and 

disintegrated beyond recognition. The above listed rocks occupy 13.5% of the Kubanni 

basin total area and constitute part of the main aquifer (Eigbefo, 1978). 

 
 

1.2.2 The Superficial Deposits 
 

The superficial deposits that cover most of the basement rocks in the study area 
 
act as recharge to the aquifer. These deposits are the older laterites. The older laterite 

remnants are recognised partly by their reddish brown cellular aspects, and by their relative 

freedom from impurity (Wright and McCurry, 1970). 



 6

The younger laterite sheets are topographically lower and are mainly exposed stream 

channels. They also differ from the older laterites in being generally brown, less cellular and 

less free of impurity as well as being rarely more than 6 m thick. 

The older alluvium and younger laterite are observed in most places in the basin Alluvial 

deposits postdating the older laterite and broadly contemporaneous with younger laterite 

overlie most of the area (Wright and McCurry, 1970). 

 

Accumulations of fine grey-brown sands, clays, red sand and gavel reach thickness of 15 mm 

some places (Olowu, 1967). 

The following indicates a complex depositional history: 

1. scattered exposures of laterites and sometimes gravels which may either be underlain or 

overlain by alluvium, 
2. local discontinuities marked by layers of quartz fragments and 

3. ancient drainage channels filled by stream deposits, and now exposed in present day 

erosion gullies. 

The younger alluvium is the product of the most recent cycle of erosion. It consists of 

grey-brown sands, sills, and clays over 10 in thick in some places (Olowu, 1967). There is a 

river cut in the deposits along the Samaru River directly opposite BZ primary schooL 

The superficial deposits rest almost everywhere on the weathered basement. The 

thickness of this weathered zone is not certain but there is evidence that it can attain 16 m or 

more especially where the older laterite is still preserved (McCurry, 1970). 
 
 
 
 

1.2.3 Structural Geology 
 

The structural geology of an area is of great importance especially when the search for 

groundwater is among the ultimate aims. This is most true in areas of crystalline rocks such 
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as the ones covering our study area. The amount of recharge and discharge is controlled and 

determined by the structures such as faults, fractures, joints, fissures, etc. These joints 

sometimes store water themselves especially where such features are of appreciable depth 

(Akpoborie, 1972). 

The basement structure of A. B. U. East is relatively simple because of the uniform 

nature of the regional foliation trends (McCurry, 1970). Akpoborie (1972) 

has observed that the older granite inselbergs are intensively fractured forming channels for 

the collection and flow of rainwater in the basement aquifer. 
 

 
1.2.4 Hydropology o.f the study area 

The hydrogeology of the study area will be considered in two aspects namely surface 

water and groundwater. This study area comprises two rivers: River Danfodio and River 

Samaru: all of these two rivers are intermittent. These two rivers are tributaries of Kubanni 

River. 

The volume of water in all of the above-mentioned rivers depends on the season. 

During the rainy season, there is always a great increase in flow volume in the main river 

(Kubanni), while in the two rivers there is hardly water in the streams during the dry season. 

Rainfall is one of the dominant factors that determine the occurrence of groundwater 

in the study area. During the rainy season, the study area enjoys a fairly high amount of 

rainThll The higher the precipitation over an area, the greater will be the recharge. It has been 

observed that wells dug away from the river normally 
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contain water at shallow depth.. However, the water table falls progressively throughout the 

dry season The amount of water in the well is determined by the location of the well from the 

river (Olowu, 1967). Generally, the closer a well is to the river channel, the smaller the falL 

This fall is mainly controlled by the subsurface percolation of water into larger river valleys. 

 

1.2.5 Vegetation and Land Use 

The Ahniadu Bello University Zaria has vegetation typical of the savannah region and 

is characterised by bushes generally less than 3 mhigh but interrupted by large isolated trees. 

Normally, thick vegetation helps in trapping rainwater and prevents surface runoff; which 

also results in high erosion and gullies. The vegetation in the study area is subdivided into 

two categories namely: mango trees in residential areas and bushes dotted with isolated large 

trees typical of the savannah. However windbreaks can be identified along Tafawa Balewa 

Road, Faculty of Agriculture, and extreme northwest of area G along the Sokoto Road. 

As the vegetation outside the built up areas is very scanty, its effect is to keep the 

water table as high a level as possible over a long period of time (Olufemi, 1985). The land, 

apart from hosting the Faculty of Agriculture, IAR, NAERLS and residential Areas E, F, G, 

BZ serves as farmland where staple and cash crops are grown. 

 

1.3 Previous Studies In the Area 
 

In the last forty years the Kubanni basin has witnessed a series ‘of geotechnical 

investigations. Some of the studies are single while others are integrated. All have been 

carried out with the sole aim of determining the 

geological characteristics of the Kubanni basin. It is worth mentioning that not all of these 

works incorporated our study area, however, the importance of these (past studies) is by 
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giving the proper understanding of the study area. The first literature on the area is of 

geophysical nature, mainly resistivity 

(Du Preez, 1956). He discovered the presence of step dipping water-bearing joints in some 

granitic outcrops in the basin. However, the location of these joints as at the time of the 

investigation was obscure. Vertical Electrical Sounding (yES) was used three years later, 

Ososami, (1968) in order to assess groundwater potentials of parts of the Kubanni Valley. 

The specific area of interest then was the A. B. U. Main Campus (Samaru) and environs. He 

found that the aquifer in his study area is of variable thickness between I to 30 m, even 

though he could not distinguish the boundary between the weathered basement and fresh 

basement. Neither was he able to identify the types and extent of the components of the 

aquifer in his study area nor of the entire basin. 

Messrs Pressag Nigeria Limited carried out a resistivity survey in Jania’a Kubanni village 

in the early SOs as reported by Olufemi, (1985). The aim of that work was the sitting of a 

borehole in the village. The out come of their work suggested the presence of faults within 

the bedrock and these were believed to have been responsible for the down throw of certain 

parts of the bedrock in the study area. 

It was not sure whether or not this phenomenon occurred in other parts of the basin. Two 

years later, Hassan (1987) using geoelectric investigation over the western half of Knbanni 

basin, concluded that the bedrock in his study area was undulating with depth generally 

increasing towards the southern part of the study 



 10

area. He also suggested the existence of a great depression in the southern part of the 

study area. The deepest part of the basin could not be defined because of the wide separation 

of his profiles. 

The earliest geologic work was that of Trusweli and Cope (1963). They reported the 

existence of substantial late and post orogenic trans-current faulting in areas adjacent to 

Kubanni basin Also, Wright and McCurry (1970) studied the basement geology of Zaria 

sheet 102 S-W within which the Kubanni basin lies. They have found out that the Basement 

Complex, which covers the entire Zaria area, is made up mostly of older granites and biotite 

granite-gneiss. They also reported the presence of a sub-vertical crush belt about 1.6 m wide, 

crossing the Kubanni River about two and half metres from Samaru. 

Previous works of geologic and hydrogeological importance are considered below. These 

include the work of Tokarski (1972) who had worked in the area west of the Main Campus. 

The study revealed the heterogeneous terrace arrangement and ground water occurrences m 

that part of the basin. He concluded that the components of the Quaternary deposit in the area 

we re Aeolian cover and upper savannah loam. 

Olowu, (1967) studied the surface water and its effect on the groundwater in the Zaria 

area. He found that all the streams were seasonal (includin& Rivers Biye, DanFodio and 

Samaru). He also found that all the hand-dug wells away from the rivers have their water 

table falling throughout the dry season 

Akpoborie (1972) discovered, from his study of the hydrogeological structures, which 

control underground water in Samaru, (that structures developed in rocks such as joints and 

fractures), control the flow of groundwater into the basin Also Eigbefo (1978) from this 

hydrogeological investigation of the basin established that the depth to water table at various 

points varied from 3 to 30 in He was also able to conclude 

that the thickness of the weathered basement aquifer within the basin ranges from about ito 

60 in 
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1.4 Objectives of the Present Work. 

 The specific objectives of the study are: 

i. To produce a geo-electric section at each sounding point, in order to 

determine the subsurface layering and the depth to basement at each point. 

ii. To determine from the geoelectric sections in (1) the components of the aquifer and 

the respective thickness of each component beneath each sounding point. 

iii. To produce a depth — to — basement map in order to obtain a good picture of basement 

topography (geometry) and overburden thickness within the basin 

iv. To assess its groundwater potentials and determine suitable places to site borehole. 

v. To determine whether the drainage pattern in the study is structurally controlled. 

vi To carry out detailed resistivity mapping of A. B. U. (East). 
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CHAPTER TWO 
METHODOLOGY 

 

2.0 General Remarks 

The science of geophysics applies the principles of physics to the study of the internal 

structure of the eartk This involves the taking of measurements at, in or near the Earth’s 

surface that are influenced by the internal distribution of physical properties. Of course 

resistivity of subsurface materials is a case in point. 

There are several methods of electrical surveying. Some methods like magnetotelluric 

(MI), self potential (SP), teiluric method make use of naturally occurring fields, whereas 

electrical resistivity, induced polarisation (IP), electromagnetic (EM) methods make use of 

artificially generated voltage into the ground. 

Electrical resistivity methods utilise direct currents or low frequency (AC) currents to 

investigate the electrical properties of the subsurface. When carrying out electrical (DC) 

survey, artificially generated electric currents are introduced into the ground and the resulting 

potential differences are measured at the surface. Deviations 
from the normally expected potential differences of the subsurface provide 

intbrmation on the form and electrical properties of the subsurface geology (Kearey and 

Brooks, 1988). 

 

2.1 Theory of the DC Resistivity Method: Elementary Theory Potential 
us a Homogeneous medium 

The simplest approach to the study of resistivity of earth materials is to consider a 

continuous current flowing in an isotopic homoguious medium 
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