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Abstract/Summary 

Hydro-geological investigations for the delineation of potential aquifers of the crystalline rocks in the 
southern parts of Kaduna State has been carried out through basic geological and hydro-geological 
mapping, geophysical survey, borehole drilling and water quality analysis. The study area is 
underlain by Precambrian migmatites, gneiss, granite, schists and Newer Basalts. The results of two 
geophysical survey techniques (Resistivity and Electromagnetic) employed proved effective in 
determining the regolith aquifers in terms of thickness of water saturated zone with subsurface 
layering ranging from 3-5 layers. Similarly, analysis of information obtained on borehole yields (7.2-
302.4 m3/day), aquifer transmissivity (0.359-101 m2/day) and  well water depths generated a good 
database that helped in constructing hydro-geological maps and  valuable for future modelling of the 
entire ground water resources  required for rural water development in the study area. Furthermore, 
the poor performances of wells assessed were due to poor borehole design or construction and 
poor understanding of their hydro-geological characteristics.  

Keywords. Geological and hydrogeological mapping. Borehole design. Aquifer performance. Rural 
water supply. Kaduna Nigeria. 

Introduction 

The importance of groundwater as a water supply source to the socioeconomic development of any 
nation is tremendous, more so, when it is the only viable source of water in many remote villages 
where development of surface water is not economically viable.  However, the difficulties in 
exploration and exploitation usually encountered in the basement areas where aquifers are both 
isolated and compartmentalized, requires the use of multi-disciplinary approach involving, geological 
and hydro-geological mapping, geophysical investigations and quality and even socio-economics in 
the exploration programme to ensure success.  

Prolonged in-situ weathering of the crystalline basement complex rocks under tropical conditions 
has produced a sequence of unconsolidated material whose thickness and lateral extent vary 
extensively. The localization of groundwater within these zones is controlled by a number of factors 
which include the parent rock type, the depth, extent and pattern of weathering, thickness of the 
weathered materials, the sand/clay ratio and the degree of fracturing, fissuring and jointing 
(Odusanya 1989, Offodile, 1992; Clark, 1985 and Hazell and Barkers, 1976).  These hydro-
geological characteristics needs to be properly assessed and interpreted for sound groundwater 
development, modelling, well design and construction especially for localities lacking such useful 
information. It is with this view in mind that this study intends to undertake the assessment of the 
hydro-geological characteristics and the borehole performances in southern parts of Kaduna State 
in the Northern Central Nigeria. The project area covers about 24,500 km2 and lies between 
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latitudes 9o 00’ N – 10o 45´ N and longitudes 7o10´ E – 8o 45’ E as shown in figure 1. The results of 
this study could be applicable to similar basement rock areas, especially within the Africa Basement 
Complex. 

Description of the Case Study – Approach or technology 

Conceptually, locating productive boreholes in areas with inadequate hydro-geological information is 
usually difficult and very tasking. A multidisciplinary approach was used to study and characterize 
the aquifer parameters and evaluate the groundwater potentials of the crystalline basement of the 
southern part of Kaduna State. It involves a preliminary hydro-geological assessment of the study 
area, used to describe and understand the salient hydro-geological features of its dominant rock 
types shown in figure 2.  It also includes hydrological review of the study area as it affects the 
groundwater availability, in addition to surface geophysical surveys (using the electromagnetic (EM) 
and resistivity techniques), well water level measurements, borehole drilling and pumping tests and 
water quality analysis that were carried out. The information on these revealed hydro-geological 
characteristics of the study area were spatially mapped and superimposed to produce several 
hydro-geological maps that are best considered to be valuable for interpretation and management 
of the entire ground water resources of the study area. 

Groundwater configuration maps using the water level measurements obtained in the dry season 
were constructed using the superimposition method and presented in Figure 4; also their 
corresponding cross-sections are presented in Figure 5. Physico-chemical analysis of the water 
samples taken in dry season (November to March) from springs, open wells and boreholes spread 
across the study area, were also carried out for the purpose of determining the spread of nature and 
quality condition of the water in the study area.  A socio-economical survey of 52 boreholes 
adequately spread within the project areas revealed a high 60 % failure rate.   

The crystalline basement underlying the study area has some rocks exhibiting a strong foliation, 
which trends and jointing in the rocks largely controls the direction of the streams, imposing a trellis 
pattern on the drainage (McCurry, 1976). There are two interconnected water table aquifers: Patchy 
soft overburden aquifer in gristy clays with channels of burrowing insects, its thickness varying from 
0 – 30 metres and fractured crystalline aquifers below. However, fractures rocks hardly exceed 50-
60 m. Water table at the end of the dry season is usually at an average depth of 7- 10 m. The study 
area has a tropical wet – dry climate characterized by two seasons, the dry season, which lasts from 
November to April and the rainy season that runs from April to October.  As shown in Figure 3 the 
annual rainfall is about 1350mm/a.   

Assessment of Hydro-geological Characteristics: 

Geological and Hydro-geological Mapping: Set of hydro groundwater configuration maps were 
constructed by the superimposition method and the corresponding hydro-geological cross section 
drawn. An example is presented in Figures 4 and 5 respectively, showing the groundwater 
configuration map and the cross section.  Details of the water levels, depth to top of basement rocks 
and rock units are shown on the cross section. 

Geophysical survey: Apart from the electromagnetic (EM) method used for some traversing, the 
resistivity method using Wenner array was also employed.  Vertical electrical soundings were 
conducted in promising zones identified by the profiling, in Fig. 6. Interpretation of the vertical 
electrical soundings curves obtained in the study area suggests that the subsurface layering range 
from 3 – 5 layers.  Generally, the VES curves have 4-layers, which could be grouped into top lateric 
soil, the sandy-clay or clayey sand with intercalation of silts/clays.  The weathered regolith transition 
zone and the fresh basement rock as shown in Fig. 7.  

The resistivity values of the first layer varied from 55.0 – 6100 ohm-m while that of the second layer 
generally varies from 10-9000 ohm-m, and that of the third layer varies from 10-6000 ohm-m.  The 
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fourth layer which in most cases also, referred to as regoliths zone, show a typical range between 
23 and 750 ohm-m.  The layer represents very crucial aquifers in the Basement Complex.  The 
resistivity of the bedrock, which  occurs as either the third, fourth, or the fifth layer in different parts 
of the project area is characterized by high resistivity   above 1000 ohm-m and above.  A plot of 
apparent resistivities versus layers of geoelectric section in the study area is summarized in Fig. 7. 

Boreholes Yields Analysis: The boreholes tap the weathered and fractured basement aquifers 
with yields ranging from 0.3 m3/h to 12.60m3/h (7.2m3/day to 302.4m3/day).  However, yields from 
Fadama alluvium aquifers are extensive.  The alluvium aquifers yields range from 178m3/d – 
432m3/d.  Drawdown in boreholes ranges from 1.0m to 50.37m with an average value of 17.6m. 

Deepest Fractures Analysis: A study of the fracture system of boreholes supervised by the 
authors over a period of 20 years (1984-2007) indicate that the possibility of rock fracturing at depth 
greater than 60m below the ground surface is very rare.  The examination results of 97 boreholes 
geophysical logged boreholes, taking into consideration only the deepest fractures encountered are 
presented in Table 1. 

The frequency of deepest fractures given in table 1 confirms the finding of Clark (1985) that 
fractures rarely extend below 50.0m.  Although in some of the borehole total depths do not exceed 
40.0m, however, on the average the deepest fractures are concentrated between 30.0 to 50.0m 
depth representing about 78% of the deepest fractures in the study area.  

Assessment of Borehole and aquifer Characteristics: Evaluation and assessment of borehole 
and aquifer parameters listed in table 2 obtained from pumping test indicate, on the average, good 
yield that can sustain water supply  needs in the rural and semi-urban areas. (see Table 2). The 
specific capacity values computed in Table 2 for all the wells compare favourably with that reported 
in earlier publications with values ranging from 0.6m3/day/m to 25.3m3/day/m of drawdown in the 
same basement complex area. 

Assessing Borehole Design versus Geological Conditions: Borehole design is the process of 
specifying the physical dimensions and materials for a borehole, with the main objective of securing 
the highest sustainable yield at the minimum total cost. A good borehole design depends to a 
greater extent on accurate formation identification and many variations in well design are 
necessitated by local geological conditions and perhaps the intended use of the well.   Several 
geological conditions encountered in the field have been identified.  Adegoke-Anthony and Ajayi 
(1989) identified and categorized the geological conditions encountered during drilling operations 
into three groups.  However, results from this study indicate four geological conditions.  These 
include: 

Geological Condition Class A: “Clean” overburden/weathered basement/fresh basement.  
This condition occurs when the fresh unaltered basement rocks are overlain by a slightly weathered 
zone of basement derived by in-situ weathering above which is a highly weathered “clean” 
overburdern which may have been transported (Adegoke-Anthony and Ajayi, 1989).  They defined 
clean overburden as free from large particles such as boulders. 

Geological condition Class B: Overburden with boulders/weathered basement/fresh basement 

Geological Condition Class C:  Clean overburden/weathered basement/brecciated veins with 
fresh basement. 

Geological Condition Class D: Overburden with laterite/weathered basement”false” fresh 
basement/weathered basement/real fresh basement. (Fig.7). 

In this fourth condition, (Geological condition D) the overburden occurs with laterites and grades 
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down to the weathered basement and overlain by “false fresh basement” (Eduvie, 2003). 

At this situation (condition D), many drillers always fall into the temptation of casing the overburden 
to the commencement of the use of the down-the-hole hammer for hard rock drilling, only to be 
disappointed with the occurrence of clays, sand/silt and weathered materials after drilling some few 
metres.  This could be highly dangerous especially when the formation contains boulders and highly 
fractured rocks.  The bits and drilling rods could be stuck if the driller is not experienced.  This 
condition also results in the production of dirty and silt/sand water.  Borehole development with this 
condition is always very difficult and time-consuming since it requires longer periods for complete 
development and in most cases, completely clean water is almost impossible to achieve after 
development. 

In order to effectively design a borehole for the above geological conditions, there is the need for 
accurate measurements and recording of all observations during the drilling process for example, 
loss of circulation, rotation movement, and penetration rates.  Other processes include the 
collection, inspection and good analysis of formation samples, and lastly the use of subsurface 
geophysical logging.  It should be noted that the occurrence of this “false” fresh basement rocks 
poses one of the greatest challenges to drilling operations in the Basement Complex area.  A typical 
borehole design is shown in Fig. 9, which can be used as a guide only, because of the erratic 
variability of geological conditions of basement complex rocks and their associated weathered 
products.   Such a condition requires the complete casing and screening of the borehole to the 
bottom of the hole to prevent caving in of weathered materials. 

Assessment of Borehole Failure in the Study Area: The aim of studying borehole failures is to 
identify the factors responsible for borehole failures and recommend appropriate solution.  A survey 
of 52 boreholes at random, taking into consideration adequate spread within the project area 
revealed a high failure rate.  The most plausible causes of these borehole failures can be attributed 
to (i) design and construction (ii) groundwater potential/hydrogeological consideration and (iii) 
operational and maintenance failures.  If is possible for one factor to lead to the other.  For example, 
a borehole poorly designed, constructed and completed could result in silt/sand/clay pumping and 
eventually affect the rubber seals in the hand pumps or the impellers in the case of submersible 
pumps. 

Out of the total 52 schemes inspected, 6 are mechanized with submersible pumps, while the rest 46 
numbers were fitted with hand pumps.  Details of the results are presented in Table 3. 

 

Main results and lessons learnt  

A multidisciplinary approach has been used to study the aquifer parameters and evaluation of the 
groundwater potential of the crystalline basement of the southern part of Kaduna State. 

The results of geophysical survey using the electromagnetic (EM) and resistivity methods have 
proved to be effective in locating and assessing regolith aquifers in terms of the thickness of water 
saturated zone.  The hydrogeologic sections derived from VES curves revealed that most of the 
sounding curves comprise between 3 and 5 layers. 

Despite the mixed review in the literature regarding groundwater prospects in the Basement 
Complex, field results show substantial groundwater occurrence in the study area.  Groundwater 
occurrence in the area could be grouped into three.  These are: (a) The weathered/fractured 
basement complex (b) The Newer Basalts and (c) The river alluvium.  Assessment of Fadama 
aquifers gave a yield range of 178.0 – 432.0m3/d with transmissivity values of 22.0 – 292m2/d and 
storativity of 9.8 x 10-4-1.0 x 10-3. 



[130] Eduvie-Otun 

5 

 

The evaluation of hydrogeological parameters of boreholes obtained from pumping tests analyses 
gave borehole yield ranges of 7.2 – 302.4m3/d with a mean value of 76.5m3/d.  The specific capacity 
values ranged from 0.528-132m3/day/m, with an average of 7.25m3/day/m. 

The average transmissivity values for the aquifer computed from Jacob, Thesis and Babushkin 
approximate methods, range from 0.359 to 101m2/d.  The average transmissivity in the study area is 
5.5m2/d.  The hydraulic conductivity values vary from 0.03 to 10.9m/day. 

The water quality results show a low total mineralization.  The Piper trilinear diagram displays the 
overall chemical nature of the groundwater to be Ca-Na-HCO3 fresh water.  The results compare 
favourably with other work carried out by Adanu, 1989; Mbonu, 1989 and Bala & Onugba, 2001. 
(Fig.10). 

Four different geological conditions, encountered during field geophysical survey and supervision of 
drilling operations have been identified.  These include, “clean” overburden/weathered 
basement/fresh basement, “clean” overburden/weathered basement/breciated mixed quartzite veins 
with fresh basement and overburden with laterites/weathered basement/”false” fresh 
basement/weathered basement/real fresh basement.   In order to effectively design boreholes for 
these different geological conditions, there is the need for accurate measurement and recording of 
all observations during drilling processes in addition to the use of subsurface geophysical well 
logging. 

A survey of 52 existing boreholes in the study area shows that over 60% were not functioning.  The 
major factors responsible for these failure rates include pump failures or poor borehole design and 
construction. The poor design is responsible for failure due to tapping aquitards and due to 
seasonal water level fluctuations. 

Conclusions and Recommendations 

The result of the study shows the high groundwater potentials of the basement complex area of 
Southern parts of Kaduna State of Nigeria.  The importance of understanding the hydro-geological 
characteristics of the weathered/fractured aquifers in this study area as well as other localities has 
again been highlighted in this study as been essential for effective borehole design, construction 
and management. With the quantum of hydro-geological information databases derived from this 
study through several multi-disciplinary analysis carried out, the preparation of hydro-geological 
maps combined with borehole logging, water quality analysis, well reviews and pre-drilling 
geophysical investigations; the future development, modelling and management of the entire 
groundwater resources in the study area is certainly poised and optimised for effective rural water 
supply of the area and other rural communities in Nigeria. 
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TABLES 

 
Table 1.   Frequency of deepest fractures 
 

Depth of deepest fracture 
(m bgl) 

No. of boreholes with fractures at the 
specified depth 

% of the total 
sampled 

 20-30 
31-40 
41-51 
51-60 
> 60 

5 
38 
40 
13 
1 

5.15 
39.17 
41.24 
13.40 
1.03 

 
Table 2: Aquifer Characteristic of boreholes in the study area. 

 SWL 
(m) 

Yield 
m3/day 

Specific 
Capacity 
m3/day/m 

Transmissivity 
m2/day 

Hydraulic 
Conductivity 
m/day 

 
Minimum 

 
1.00 

 
7.2 

 
0.528 

 
0.359 

 
0.026 

Maximum 27.00 302.4 132.5 100.815 10.877 

Mean 6.910 76.5 7.25 5.49 0.512 

Standard 
Deviation 

2.567 51.65 12.0 8.88 1.01 

 
Table 3:  Result of borehole failure rates 

No. of Pumps Functioning 
          number 

     %  Non-Functioning 
               Number 

 %  Types of 
Scheme 

            46             18 39.1                28 60.9 Hand pump 

             6               2 33                  4 67 Motorized 
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FIGURES 

Figure 1: Study Area – Kaduna State, Nigera 
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Figure 2: Geological and structural map of the study area 
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Figure 3: Plot of average monthly rainfall of major station stations in the project area 
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Figure 4: Groundwater Configuration Map of the study area 
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Figure 5: Hydrological cross section of NE-SW line shown in Fig. 4 
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Figure 6: Typical EM responses in the study area 

 

Figure 7: Different geological conditions encountered during  
borehole drilling process in the study area 
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Figure 8: Typical borehole composite log in the study area 

 

 

Figure 9: Typical borehole designs in the study area 



[130] Eduvie-Otun 

16 

 

 

Figure 10: Graphs of hydrochemical groupings of groundwater in the study area 
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