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ABSTRACT: The study area lies within a mixed terrain of basement (Older Granite and gneisses), and 

volcanic (Basalts). Vertical Electrical Sounding (V.E.S) was conducted using ABEM terrameter SAS 4000 to 

investigate the groundwater potentials of the area. Twenty-seven geo-electrical soundings were carried out, 

twelve from the mixed terrain and five from a nearby homogenous terrain for comparison. Comparative 

analysis showed that resistivity values from the mixed terrain were inconsistent, having highs and lows, ranging 

from 34.7 to 365 ohm meter, while those from the homogenous terrain were consistent, with resistivity ranging 

from 14.84 to 74.41 ohm meter. Eight boreholes were drilled, four each on either terrain. Drilling was easier on 

the homogenous terrain, with total drilled depth ranging between 30 to 35 meters, with a good yield, while a lot 

of challenges were encountered during drilling on the mixed terrain ranging from difficulties in penetrating 

through the overlying basaltic boulders to the basement, to loss of water into dry fractures, and the collapse of 

the drilled hole during development. Only one borehole was successfully drilled in the mixed terrain to a depth 

of 35 meters. The studies revealed that the area is a poor hydro-geological terrain due to its mixed geology.  
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I. INTRODUCTION 
 The study area is located in Quaan-Pan Local Government Area of Plateau State, North Central 

Nigeria. It lies between latitudes 08
0
57’ and 09

0
03’N and longitudes 09

0
12’ and 09

0
10’ E (Fig.1). The area lies 

on a mixed terrain of basement (Older granite and gneisses), close to it lies a homogenous volcanic (basaltic) 

terrain particularly the newer basalts of the Jos Plateau which occur as cones and lava flows and are mainly built 

of basaltic scoria and pyroclastics (Lar and Tsalha, 2005). 

 There are few rivers and streams within the study area, and the area falls within the tropical Savannah 

environment with prolonged dry season during which all the streams are dried up, subjecting the community to 

serious water shortage. Thus in a effort to provide the community with potable water, various government 

agencies and individuals have taken strong initiatives to exploit the subsurface water for the populace which has 

resulted to little success due to the heterogeneous nature of the area. 

 The successful exploitation of basement terrain groundwater requires a proper understanding of the 

geo-hydrological characteristics. This is particularly important in view of the discontinuous (localized) nature of 

basement aquifers (Satpathy and Kanungo, 1976). Therefore, the drilling process for groundwater development 

in a heterogeneous terrain such as Lardang, should be preceeded by detailed hydro-geophysical investigations. 

 The groundwater in the basement terrain is mainly contained in the porous and permeable weathered 

basement zones. The groundwater yielded from the weathered horizon is often supplemented by the 

accumulated groundwater in the fractured and or jointed column of the basement rocks. The highest 

groundwater yield in basement terrains is found in areas where thick overburden overlies fractured zones 

(Olorunniwo and Olorunfemi, 1987 and Olorunfemi and Fasuyi, 1993). In the study area, the overburden is 

usually less than 1m thick. The electrical resistivity method is one of the most relevant geophysical methods 

applied in groundwater investigation in the basement terrain (Ako and Olorunfemi, 1989; Limaye 1989; 

Owoade and Moffat 1989,). The relevance of the method is based on the usually significant resistivity contrast 

between the weathered zone and or fractured column and the very resistive fresh bedrock (Olorunfemi and 
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Fasuyi, 1993). The development of groundwater in Lardang is beset with problems of failed (abortive) hand dug 

wells and boreholes arising from poor knowledge of the hydro-geophysical characteristics of the heterogeneous 

basement aquifers. To provide background information for future groundwater development as a way  of 

reducing cases of borehole failures, a hydro-geophysical investigation of the area was conducted using the 

electrical resistivity method. 

 

 
Fig. 1. Location map of the study area showing geophysical surveyed stations 

 

II. Materials And Methods 
 A total of twenty-seven (27) Vertical Electrical Sounding (V.E.S) was conducted using ABEM 

Terrameter SAS 4000 to investigate the groundwater potential of the area, involving the Wenner electrode array. 

Field data were obtained from eleven (11) points which was interpreted using manual curve matching and 

IPI2WIN computer software. Six (6) of the points investigated were on the heterogenous terrain, while the other 

five (5) were on the homogenous basaltic terrain for comparison. Eight (8) boreholes were drilled four (4)each 

on either terrain using an India drilling machine (Rig) employing air drilling method from surface simply 

because of the thin overburden in this area, less than 1m in all cases. 

 

1.2 Geology 

 The area is underlain by the Pre-Cambrian basement complex rocks of Nigeria which was intruded by 

the newer basalts of the Jos Plateau in the Cenozoic (Wright, 1985). The identified lithological limit includes 

Older Granite, gneisses with few occurrences of pegmatites, basalt in form of boulders scattered on the surface 

(Fig. 2). 

 
Fig.2 Geologic Map of the surveyed area 
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III. Results and Discussion 
The points investigated are presented in table 1 and the interpreted resistivity values and curves are presented 

below. 

Table 1. Investigated points 
S/No  Locality and coordinates  Drilling depth  Result  

1 Lardang 1    N 09002’.846” 

                    E N 09014’.939” 

Elevation 454m 

70m Collapsed  

2 Lardang 2     N 09002’.940” 

                         E 009014’.705” 

Elevation 469m 

40m Abortive  

3 Lardang 3     N 09002’.475” 

                     E009015’.342”  

Elevation 432m 

40m Abortive  

4 Kwanoeng 1 N 09003’.049” 
                     E009014’.499” 

Elevation 476m 

35m Good yield 

5 Kwanoeng 2 N 09003’.650” 
                     E009014’.425” 

Elevation 432m 

Not drill - 

6 Kwanoeng 3 N 09003’.437” 

                     E009014’.971” 
Elevation 424m 

Not drill - 

7 Varam          N 09002’.490” 

                     E009017’.532” 
Elevation 327m 

30m Good yield 

8 Kwang         N 09001’.380” 

                     E009017’.638” 

Elevation 319m 

30m Good yield 

9 Bogot           N08058’.959” 

                     E009016’.655” 

Elevation 319m 

30m Good yield 

10 Doemak       N 08056’.837” 
                     E009014’.599” 

Elevation 310m 

35m Good yield 

11 Voershik N 08057’.587”                                   

                E009016’.584” 

Elevation 320m 

Not drill - 

 

Comparative analysis from the above results shows that the resistivity values from the mixed terrain 

were inconsistent, having highs and lows ranging from 34.7 to 365 ohm meter, while those from the 

homogeneous terrain were consistent, with resistivity ranging from 14.84 to 74.41 ohm meter. Drilling was 

easier on the homogeneous terrain, with total drill depth ranging between 30 to 35m with good yield, while a lot 

of challenges were encountered during drilling on the mixed terrain ranging from difficulties in penetrating of 

the drill bit through the overlying basaltic boulders to the basement, to loss of water into dry fractures, and the 

collapse of the drilled hole during development. 
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Kwanoeng 1  
 

 
 

 
 

Kwanoeng 2 
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Lardang 1 

 
 

 
Lardang 2 
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Varam 
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WELL LOG FOR THE DRILLED BOREHOLES 

 

 
 

 
 

 



American Journal of Engineering Research (AJER) 2017 
 

 
w w w . a j e r . o r g  

 
Page 118 

 
 

 
 

 



American Journal of Engineering Research (AJER) 2017 
 

 
w w w . a j e r . o r g  

 
Page 119 

 
Pump testing at Bogot @ 4Litres per Minute 

 

 
Pump testing at Kwang 

 

 
Team carrying out pump testing @ Kwang 
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Pumping rate @ 3Litres per Minute 

 

 
Pump testing at Varam @ 6Litres per minute 

 

 
Pump testing at Varam @ 6Litres per minute 
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IV. CONCLUSION 
The hydro-geophysical investigation and the challenges encountered during drilling revealed that 

Lardang area is a poor hydro-geological terrain due to its mixed geology. It is not far from the fact that the 

fractures, joints created by the volcanic activities are dry in most cases leading loss of water into such openings 

during drilling. The studies also revealed that the homogeneous basalts seems to be interlocking underground 

making it easier to drill without falling as is the case with the mixed terrain, and a good hydro-geological terrain. 
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