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Abstract 

Engineering geophysical investigation was conducted to understudy the structural and 
lithological characteristics of subsurface materials with the aim of determining the appropriate 
location, competent layer and depth of core holes required for geotechnical analysis at a proposed 
site for a flyover bridge at Gbongon using electrical resistivity method (Sounding and Profiling). 
The different subsurface lithologies were delineated and depth to the top of the different layers 
was determined. Approximate thickness of the different subsurface layers and depth to the top of 
the basement or competent layers were established. The lateral or horizontal continuity of the 
subsurface layers was also delineated. Three different subsurface lithologic units were established 
from the sounding curves namely; lateritic topsoil, clayey-sand and, fresh basement. The topsoil is 
relatively thin along the traverse with average resistivity and thickness values of 45Ωm and 4.0m 
respectively, and is predominantly lateritic clay. Clayey-sand was encountered at shallow depths 
of 4.0meters on the average in all locations and the average resistivity and thickness values for the 
Clayey-sand are, 56Ωm, and 5.0m respectively. Basement is the fresh bedrock and is the last layer. 
It is relatively shallow in the study area and the average resistivity and depth values to the top of 
basement are, 1302Ωm, and 9.0m respectively. The resistivity values are high because of its 
crystalline nature. The overburden is assumed to include all materials above the presumably fresh 
basement which is regarded as the competent layer in this case. The depth to the bedrock varies 
from 7.0 to 10.0m and the average depth to the bedrock is 9.0m.  
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1. Introduction 
A reconnaissance survey of Gbongon bridge site was carried out for site familiarization and planning. This was 

followed with a pre-coring geophysical investigation of the site and environs to allow for an informed approach to 
the proper coring programme. 

The geophysical investigation was conducted to understudy the structural and lithological characteristics of 
the area. The different subsurface lithologies were delineated and depth to the top of the different subsurface layers 
were determined. Approximate thickness of the different subsurface layers and depth to the top of the basement or 
competent layers were established. The lateral or horizontal continuity of the subsurface layers were also 
delineated.  

Electrical resistivity method has been used extensively in groundwater investigation especially in the basement 
complex terrains (Grant and West, 1965; Anhaeusser et al., 1969; Olorunfemi and Olorunniwo, 1985; Olorunfemi, 
1990; Olorunfemi and Olayinka, 1992). The method is commonly used in getting detailed information about 
hydrogeological settings for groundwater, geologic mapping, foundation investigation and environmental studies. 
Some of these include aquifer delineation, subsurface mapping, lithological boundary differentiation and geothermal 
exploration. 

The study aims at assessing depth to competent layer in this area with emphasis on the delineation of the 
fracture system, overburden thickness and lithological variation across the terrain.  

 
1.1. Location and Geology of the Study Area 

The study area is a juncture at Gbongon along Ilesha Ibadan highway. Gbongon is a town in Osun state, 
southwest Nigeria. Gbongon falls within the basement complex terrain of southwestern Nigeria and is underlain 
by crystalline rocks made of Older granite, Migmatite and Charnockites (Rahaman, 1989). The study area has little 
or no fracture in most location with accompanied shallow overburden. 
 

 
Fig-1. Area map of the study area(Extract from Google Earth map) 

 

2. Method 
Geophysical methods are indirect site investigation techniques and predominantly non-intrusive. It is relatively 

cheap, fast and environmental friendly. Vertical electrical sounding and resistivity profiling methods were adopted. 
The methods are highly reliable and reproducible. Soil resistivity meter was used for the geophysical tests. 

Sounding revealed vertical resistivity variations while profiling helped in resolving horizontal resistivity 
variation in this study, thus establishing the vertical and lateral continuity of the various subsurface lithological 
units. Profiling method was employed using Schlumberger dipole- dipole configurations. 
 

3. Results and Discussion 
Three different subsurface lithological units were established from the sounding curves namely; lateritic 

topsoil, clayey-sand and, fresh basement.  
The topsoil thickness is relatively thin along these traverses. The average resistivity and thickness values for 

the topsoil are 45Ωm and 4.0m respectively, which is predominantly lateritic clay. 
Clayey-sand was encountered at shallow depths of 4.0meters on the average in all locations and the average 

resistivity and thickness values for the Clayey-sand are, 56Ωm, and 5.0m respectively.  
The basement is the fresh bedrock and is the last layer. It is relatively shallow in the study area and the 

average resistivity and depth values to the top of basement are, 1302Ωm, and 9.0m respectively. The resistivity 
values are high because of its crystalline nature.  

The overburden is assumed to include all materials above the presumably fresh basement. The depth to the 
bedrock varies from 7.0 to 10.0m and the average depth to the bedrock is 9.0m. 
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Fig-2. Geoelectric Curves of VES 1,2,3,4,5 & 6 of the study area. 

Note: it is the configuration plot from the field data using winresist software 

 

 
Fig-3a. Geoelectric Sections of VES 4, 5 & 6 of the study area.note:generated from the data obtained from the field work. 

 
 

 
Fig-3b. Geoelectric Sections of VES 4, 5 & 6 of the study area. note:generated from the data obtained from the field work. 
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Result of the profiling traverse sections in N-S direction is presented in the section bellow. The traverse is 
350meters long and spreads across the six (6) proposed coreholes. Three continuous subsurface lithologic units 
namely; Lateritic topsoil (blue), Clayey-sand (greenish-yellowish-brown) and Fresh basement (reddish purple) were 
established across the entire profile section. The result is presented in form of 2-D resistivity structure bellow.  
The 2-D resistivity plot revealed a relatively thin overburden and shallow basement across the entire area. The 
overburden is thicker at the northern end and thins out toward the southern part.  
 

 
Fig-4. 2D Section of Gbongon Bridge Site 

                               Note: generated from the data obtained from the field work. 
 

4. Conclusion 
Given the relatively thin overburden thickness and averagely shallow depth to the top of basement/competent 

layer across the study area, a corehole of  twenty meter (15.0m) will encounter basement/competent layer along 
the study traverse. Coreholes at the southern end of the traverse are expected to be shallower while those on the 
northern end are likely to be slightly deeper. 
 

5. Recommendation 
Standard penetration test (SPT) and Cone penetrometer test (CPT) could be added as insitu geothechnical  

approach to delineating depth to competent subsurface layers before the actual coring. The two methods are cheap, 
fast, and environmental friendly. 
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