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Abstract 

Ten (10) Vertical Electrical Soundings were carried out in a hydrocarbon impacted sites of Ikarama and 
Kalaba communities to investigate the effect of hydrocarbon spills on the subsurface resistivity 
distribution in the area. Four (4) other VES points in non-impacted areas of both communities were 
sampled as control. The geophysical survey was carried out with the aid of an ABEM SAS 1000 
Terrameter set with a maximum current electrode (AB) spacing of200 m. The results of impacted sites 
show a topsoil with an average resistivity distribution of 2.03Ωm-93.6Ωm and thickness of 0.09m-
0.463m, a second layer with resistivity ranging 1.57Ωm-35.8Ωm having a thickness of 1.13m-12.6m 
characteristic of clays and a third layer with resistivity ranging 2.83Ωm – 3570Ωm with a thickness of 
1.01m-12.6m indicative of saturated sandstones with intercalations of clays. Similarly, the un-impacted 
sites  show respective resistivity distribution and thickness variations of 13.9Ωm – 220Ωm and thickness 
of  0.02m - 1.34m for the top soil, resistivity range of 5.23Ωm-56.6Ωm and thickness of 0.929m -5.26m 
for the second layer indicating clay and a third layer with resistivity of 73.3Ωm – 966Ωm and thickness 
5.57m-8.59m indicative of sandy-clays. The 1-D resistivity distribution indicated that most of the models 
started from a top soil of moderate high resistivity which could be attributed to near surface effect, the 
sub-soil shows a slight decrease in resistivity which could be attributed to clay sand layer after which 
there is a sharp increase in resistivity which could be attributed to the presence of petroleum 
contaminants within the subsurface in the impacted sites contaminating shallower depths in the study 
area. The resistivity distributions of the current study indicate subsurface hydrocarbon contamination 
hence, other complementary geophysical and geochemical methods are recommended to map the extent 
of the contaminant dispersal. 
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Introduction. 

All geologic materials like rocks, minerals deposits and formation fluids are characterized by a range of 
resistivity values which are representative of their physical and electrical properties, the resistivity of an 
earth materials depends on such factors as physical properties (metallic or non-metallic), prevailing 
temperature of materials, amount of ground water present, concentration of dissolved salts, presence of 
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contaminants and porosity/permeability of material (Dobrin, 1960; Keller and Frischkenecht, 1966; 
Palacky et al., 1981; Griffiths and Ring, 1981; Olorunfemi and Fasuyi, 1993; Ozebo and Ajiroba, 2011). 
Resistivity surveying is based on the principle that the distribution of electrical potentials in the ground 
around a current carrying electrode depends on the electrical resistivity and distribution of the 
surrounding soils and rocks.  Kalaba and Ikarama are two hydrocarbon impacted Communities in which 
the impact of hydrocarbon may have affected the lithological composition of the soil. Hydrocarbon 
impacts changes the chemistry of the soil and also affect the bulk resistance of the soil. This may likely 
affect maximum crop yield in the area. In order to provide an understanding of resistivity distribution of 
the affected sites. Schlumberger vertical electrical sounding was employed to delineate layered resistivity 
of the various soil horizons with respect to lithological changes of hydrocarbon impregnation with depth. 
2. Geology of the Study Area 

The study area is in Okordia Zarama clan of Yenagoa Local Government Area of Bayelsa Statein the 
Niger Delta (Fig. 1). The geographical locations lie within latitude N05 08’ 33.6’’ and longitude E006 26’ 
32’’.  Its accessibility is through the Eastern flank of the East West Federal high way having neighbouring 
communities such as Zarama, Okordia, Akumoniand Biseni. The area is also accessible by small creeks 
which drains the area into the Taylor creek which in turn is drained into the River Nun.A dense network 
of surface and subsurface crude oil pipeline transverse the area, spills from ruptured or vandalised 
pipelines flow freely into the subsoil and creeks in the area. The study area is part of the Niger Delta 
Sedimentary Basin which shows advances of terrestrial deposits with high energy marine environment. 
Depositionin the Niger-Delta basinoccur under fluviatile and marine conditions (Frank and Cardry, 1967; 
Short and Stauble, 1967). Three subsurface stratigraphic units are identified by most researchers are the 
youngest continental sands of the BeninFormation,an oldertransitional Agbada Formation and a marine 
Akata Formation.  All engineering structures and hydrogeological attributes are found 

 

Fig. 1 Study location map 
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in the Benin Formation. The Benin Formation consists chiefly of sandstones. The detailed 
hydrogeological potentials of Benin Formation have been exhaustively documented by several authors 
(Etu-Efeotor, 1981;Etu-Efeotor and Odigi, 1983;Etu-Efeotor and Michalski, 1989; Offodile, 1992; Udom 
et al., 1998).  

3. Methodology 

Resistivity survey using the Schlumberger configuration was employed. The method is capable of 
depicting subsurface resistivity variations which helps to delineate contaminated zones of groundwater. 
Usually current is injected into the subsurface via two marked cables (C1 & C2) known as the current 
electrodes. In addition, measurement of the distribution of the resulting potential difference on the ground 
surface via two potentials electrodes (P1&P2). The SAS 1000 terrameter set was used to take the 
measurements of the readings. Current electrodes (AB) spread of 200m was used in the transverse.  
Fourteen vertical electrical soundings (VES) points were occupied within the study area, ten were at 
hydrocarbon spill impacted sites and four on unimpacted sites as control, the location and distribution of 
the VES stations were based on accessibility within the study area. The VES data was initially subjected 
to interpretation using the manual curve matching technique, the resulting number of layers alongside 
their resistivity values was used as input model for the computer simulation using software IP2win 
Version 3.0. The apparent resistivity for this configuration is computed with the formula  

𝝆𝒂 = 𝝅[(𝑨𝑩/𝟐)2−(𝑴𝑵/𝟐)2]𝑹   1 
4. Results and Discussion 

The values of the apparent resistivity and the values of AB/2, which is half the current electrode spacing, 
were used to generate 1D resistivity model of the various VES profiles that shows the change of vertical 
electrical resistivity with respect to depth. Both the observed data in the field, the calculated values gave a 
very close matching with each other in the various 1D model, with very minimum error value, after 
iteration. This also gave a good indication that the generated model is very close to the actual model that 
gave rise to the observed data. The lithostratigraphic architecture with cross examination of the nearest 
borehole correlates well with the various 1D vertical electrical sounding models in the study area. The 
geo-electric sequence given in Fig. 2 to 11 are of the impacted sites, they show a resistivity distribution of 
2.03Ωm to 93.6Ωm with a thickness of 0.09m to 0.463m implying top soil, resistivity and thickness of 
1.57Ωm to 35.8Ωm and 1.13m to 12.6m as clay horizon and resistivity of 2.83Ωm to 3570Ωm with 
thickness 1.01m to 12.6m as sandy saturation with lenses of clay. Similarly, the un-impacted sites shown 
on fig. 12 to 15 resistivity distribution and thickness variations of 13.9Ωm to 220Ωm and thickness of 
0.02m to 1.34m as top soil, a second layer with resistivity ranging 5.23Ωm to 56.6Ωm and thickness of 
0.929m to 5.26m indicating clay and a third layer with resistivity of 73.3Ωm to 966Ωm and thickness 
5.57m to 8.59m showing as sand underlying with lenses of clay and sand (sandy clay). The  vertical 
downward 1D resistivity distribution indicated that most of the models started from the point of high 
resistivity which could be attributed to the effect of near surface resistivity with a range followed by a 
slight decrease in resistivity which could be attributed to clay sand layer and then a sharp increase in 
resistivity which could be attributed to the presence of petroleum contaminants within the subsurface in 
the impacted sites.  
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Fig. 2: VES model for impacted site VES 1 at Ikarama I 
 

Table 1: Geoelectric section for impacted VES 1 at Ikarama I 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 13.9  1.34 1.34 Top soil  
HQHK – Curve 

graph 
2 23.9  2.09 3.43 Clay 

3 16.8 0.185 3.61 Silt sand  
4 9.1 5.26 8.88 Sandy clay 
5 668 8.59 17.5 Sand  
6 2.46     

A resistivity distribution of 9.1Ωm to 668Ωm in VES 1, Fig 2 of the impacted site was delineated. Six 
geoelectrical layers were delineated with resistivity value of 13.9Ωm as the top soil, resistivity of 23.9 
Ωm as clay. Immediately after the clay layer there is anomalous decline of the resistivity curve compared 
with models generated for the control VES points. This variation could be hydrocarbon plume.  The 
suspected plume is accumulated between resistivity ranges of 9.1Ωm to 16.8 Ωm with a depth of 3.6m to 
8m lying in an impervious layer.  Underlying this layer is an abrupt decline of resistivity value of 2.46 
Ωm. The resistivity value probably decreases due to high attenuation of microbial degradability. 
 

 

Fig. 3: VES model for impacted site profile 2 at Ikarama 1 
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Table 2: Geoelectric section for impacted site VES 6 at Ikarama I 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 228  0.467 0.467 Top soil  
HAK – Curve 

graph 
2 56.6  0.929 1.4 Clay 
3 9231 3.1 4.5 Sand  
4 9608 12.7 17.2 Sand 
5 2298    

 

A resistivity distribution of 56.6Ωm to 2298Ωm in VES 2 of the impacted site is shown in (Fig 3). A 
resistivity of 228Ωm is interpreted as top soil. Hydrocarbon plume was noticed immediately after the top 
soil giving a resistivity of 56.6Ωm   with effects of microbial interaction on the hydrocarbon close to the 
surface. This has probably reduced the resistivity values. The lower resistivity distribution identified in 
this VES point was consistent with the publications of (Atekwana et al., 2001) which described it as an 
attenuation of microbial degradation.  Immediately underlying this layer is a progression of high 
resistivity values of 9600 Ωm to 2298Ωm which runs to infinity and interpreted as aquiferous layer with 
increased porosity and permeability        

 

Fig. 4: Vertical Electrical Sounding model for impacted site VES 3 at Ikarama 1 
 

Table 3: Geoelectric section for impacted site VES 3 at Ikarama I 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 19  1.31 1.31 Top soil  
HKH – Curve 

graph 
2 4.44  2.15 3.46     Clay 

    Clay  3 40.3 3.85 7.31 
4 2.47 9.87 17.2 Sandy clay 
5 519   Sand 
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Five geoelectrical layers were delineated in the impacted site three of VES No 3 (Fig 4) showing a 
resistivity distribution of 4.4Ωm to 519Ωm. Resistivity value of 19Ωm is interpreted as top soil. 
Resistivity range of 4.44Ωm to 40.3Ωm interpreted as an impervious layer is distorted with hydrocarbon 
pollution. Immediately underlying this layer is anomalous resistivity value of 2.47Ωm with a geological 
inference of sandy clay. The anomalous resistivity low value suggested a reducing environment which 
was affected by high microbial activities.      

 

Fig. 5: VES model for Impacted Site VES 4 at Ikarama 1 
 

Table 4: Geoelectric section for impacted site VES 4 at Ikarama I 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 15.1  0.481 0.481 Top soil  
HAAA – 

Curve graph 
2 5.62  0.419 0.9 Clay 
3 21.3 3.42 4.32 Clay  
4 35.8 12.6 16.9 Sandy clay 
5 57.5 1.81 18.7 Sand 
6 1020    

 

A resistivity distribution of 5.62 Ωm to 1020 Ωm was observed in (Fig 5) with five geo-electric 
layers,15.1Ωm indicating top soil (0.48m), 5.62Ωm to 21.3 Ωm implying clay, 35.0 Ωm as sandy clay, 
57.5 Ωm to 1020 Ωm as possible sand and aquiferous layer. A resistivity of 5.62 Ωm to 21.3Ωm indicated 
hydrocarbon plume. The resistivity value of 35.8Ωm slightly increases when graduating from clay unit to 
sandy clay unit. The clay unit is saturated with a conducting fluid such as organic acid that have induced 
the low resistivity values. The migration of the fluid indicated lateral pathways since the overlying 
material is impermeable, or probably the clay bodies were not localized and massive enough hence 
allowing the percolating fluids from the lateral pathways. The hydrocarbon plume was noticed at a depth 
below six meters. Immediately underlying this layer is region of high resistivity which is trending to high 
porosity and permeability and likely aquiferous.  
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Fig. 6: VES model for Impacted Site VES 5 Ikarama 1 
 

Table 5: Geoelectric section for impacted site VES 5 at Ikarama I 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 30.2  0.454 0.467 Top soil  
HKHA – 

Curve graph 
2 1.63  0.349 0.803 Clay 
3 12.8 0.498 1.3 Clay  
4 6.73 3.36 4.66 Sandy clay 
5 1206 12.6 17.3 Sand 
6 4689    

 
Figure 6 depicts four geoelectrical layers with a resistivity distribution of 30.2Ωm to 1206Ωm. Resistivity 
of 30.2Ωm suggested top soil. The curve declined in resistivity values from 1.63Ωm to 6.73Ωm perhaps 
due to hydrocarbon plume. Immediately underlying this layer, there is sharp increase of the resistivity 
value which could be an indication of sandy formation.     

 

Fig. 7: VES model for Impacted Site VES 6 at Ikarama II 
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Table 6: Geoelectric section for impacted site VES 6 at Ikarama II 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 61.9  0.389 0.389 Top soil  
HAKH – 

Curve graph 
2 1.96  0.0893 0.478 Clay 
3 9.33 4.18 4.66 Sandy clay  
4 1043 2.42 7.08 Sand 
5 16.3 12.7 19.8 Sand 
6 807    

 

Five geoelectric sections were delineated in VES 6 Fig 7 with a subsurface resistivity distribution of 
1.96Ωm to 807Ωm, 61.9Ωm is the top soil, 1.96Ωm is clay, 9.33Ωm sandy clay and 1043Ωm to 807 Ωm 
is sandy and aquiferous layer. A low resistive layer of 9.33 Ωm was indicated as the likely hydrocarbon 
plume, overlying this layer is a region of impermeable clay layer. However, the clay bodies were not 
massive or localized. This clay bodies occurred in lenses and pockets which were not thick enough and 
probably with low plasticity index, thus allowing the percolation of the hydrocarbon to settle at the 
underlying depth. Immediately underlying the plume layer is a region with resistivity value hovering from 
16.3 Ωm to 807 Ωm showing a transition of sandy clay to sand, i.e from aquitarious conditions to 
aquiferous condition with increased porosity and permeability 

 

Fig. 8: VES model for Impacted Site VES 7 at Ikarama II 
 

Table 7: Geoelectric section for impacted site VES 7 at Ikarama II 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 23.5  0.382 0.382 Top soil  
QHKH – 

Curve graph 
2 7.08  0.831 1.21 Clay 
3 1.57 1.13 2.34 Clay  
4 163 1.27 3.61 Sandy clay 
5 13 6.06 9.67 Sand 
6 4900   Sand 
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Five geoelectric sections were delineated in VES-7 (Fig 8) with a subsurface resistivity of 1.57 Ωm to 
4900 Ωm. The top soil has a resistivity of 23.5 Ωm, 7.08 Ωm to 1.57 Ωm is interpreted as clay, 163 Ωm 
as sandy clay and resistivity of 13 Ωm (9m) which is interpreted as sand but interphase with hydrocarbon. 
And increasing resistivity of 4900Ωm is interpreted as sandy Formation. The low resistive zone with a 
resistivity of 13 Ωm (9m) is interpreted as the suspected hydrocarbon plume. Overlying the plume layer is 
a region of sandy clay formation which has a resistivity of 163Ωm and thickness of 3.6m. Probably the 
effect of hydrocarbon started at this layer at a depth of 2m with abrupt decrease of resistivity values of 13 
Ωm due to actions of microbial load. Immediately below this layer, resistivity of 4900 Ωm which could 
be interpreted as a layer with high porosity and permeability is probably aquiferous.   

 

Fig. 9: VES model for impacted site VES 8 at Kalaba 
 

Table 8: Geoelectric section for impacted site VES 8 at Kalaba 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 2.83  0.381 0.381 Top soil  
KQHA – 

Curve graph 
2 40  0.256 0.637 Clay 
3 18.5 1.21 1.85 Clay  
4 12.8 3.16 5.01 Sandy clay 
5 246 11.2 16.2 Sand 
6 899    

 

A subsurface resistivity distribution showing five geoelectric layers with a resistivity distribution of 2.83 
Ωm to 4520 Ωm was obtained (Fig 9: Table 8). A resistivity of 2.83 Ωm was interpreted as top soil, 4520 
Ωm to12.0 Ωm as clay, 12.0 Ωm as sandy clay and 246Ωm to 879 Ωm as sand. A resistivity of 4520 Ωm 
with a depth of 0.6m was delineated as the likely plume point. This anomalous high resistivity value 
could be due to hydrocarbon presence in this layer which was devoid of microbial actions at the initial 
time of the spill making the materials to be very resistive as it is expected of hydrocarbon contamination. 
More so, the resistivity values became abruptly low as the depth increases, probably due to 
biodegradation activities with the presence of microbial actions that may have induced high conductivity. 
Immediately below this region, resistivity values were increasing from 246 Ωm to 879 Ωm with the layer 
as 16.2m which was indicative of aquiferous horizon. 
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Fig. 10: VES model for impacted site VES 9 at Kalaba 
 

Table 9: Geoelectric section for impacted site VES 9 at Kalaba 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 93.6  0.894 0.894 Top soil  
QHAK – 

Curve graph 
2 64.4  0.0301 0.924 Clay 
3 17 1.71 2.63 Sand  
4 2183 2.03 4.66 Sand 
5 2833 12.5 17.2 Sand 
6 445    

 

Subsurface distribution of 17Ωm to 2833Ωm and thickness of 0.8m to 12.5m was delineated in VES 9 
(Table 9: Fig 10). Resistivity of 93.6Ωm implies top soil. Overlying the top soil, a resistivity value of 64.4 
Ωm and layer depth of 0.92m imply clay, underlying this layer is a sand horizon which was affected by 
hydrocarbon showing a low resistivity of 17 Ωm and layer depth of 2.6m, the hydrocarbon has seeped 
through the lateral pathways to contaminate this layer. The resistivity values increase with increasing sand 
saturation which could possibly be aquiferous with high affinity for ground water.                       
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Fig. 11: VES model for impacted site VES 10 at Kalaba 
 

Table 10: Geoelectric section for impacted site VES 14 at Kalaba 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 30.6  0.463 0.463 Top soil  
HAAK – 

Curve graph 
2 1.45  0.46 0.923 Clay 
3 16.3 3.61 4.53 Clay  
4 53.6 0.669 5.2 Sand 
5 3570 12.1 17.3 Sand 
6 88.1    

 

A subsurface resistivity distribution of 1.45 Ωm to 3570Ωm and layer thickness of 0.4m to 17.3m was 
delineated in VES 10 Fig 11: Table 10 with five geoelectric sections. A resistivity of 30.6 Ωm (0.4m) was 
delineated as top soil. Immediately after the top soil there is decrease of resistivity from 1.45 Ωm to 16.3 
Ωm at a depth of 0.923m to 4.5m respectively; this implies clay horizon with conductive materials. 
Underlying this layer is porous and permeable media which is marked with hydrocarbon presence with a 
resistivity of 53.6Ωm and depth of 5.2m indicative of hydrocarbon plume. However, the curve continues 
with increases of sand saturation with respect to resistivity and depth that could serve as aquiferous unit 
and potential for ground water exploration. The low resistivity values of 53.6Ωm within the sandy 
formation is an established presence of microbial actions that necessitated the organic fluids to increase 
the conductivity  

 
 

 

Fig. 12. Vertical Electrical Sounding model for Control VES 1 (at Ikarama) 

 

Table 11: Geoelectric section for Control site VES No 1 at Ikarama 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 
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1 61.1  0.9 0.9 Top soil  
KHKH – 

Curve graph 
2 78.2  1.11 2.01 Clay 
3 21.3 2.48 4.49 Sand  
4 38 5.54 10 Sand 
5 33.2 7.85 17.9  
6 73.3    

 

From the (figure 12) the resistivity model shows a resistivity distribution of four geo-electrical layers.  
Resistivity distribution of 21.3Ωm to 78.2Ωm and thickness of 0.9m to 7.85m.  Resistivity of61.1Ωm 
indicated top soil, a resistivity of 21.3Ωm to 78.2Ωm interpreted as clay, immediately underlying this 
region is intercalation of clay and sand with resistivity value of 33 Ωm which is interpreted as sandy clay 
(aquitard).   There is an abrupt increase of resistivity of 73.3 Ωm interpreted as aquiferous unit, which is 
possibly thick enough to retain and transmit groundwater 

 

Fig. 13: Vertical Electrical Sounding model for Control VES 2 at Ikarama 
 

Table 12: Geoelectric section for VES No 2 Control site 2 at Ikarama 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 273  0.654 0.654 Top soil  
HKHA – 

Curve graph 
2 5.21  0.05 0.704 Clay 
3 33.6 2.31 3.01 Clay  
4 11.6 1.87 4.88 Sand 
5 23.3 15.7 20.6 Sandy clay 
6 7312   Sand  

 

A resistivity distribution of 11.6Ωm to 7312 Ωm (Fig 13) was delineatedVES 2 of the control site the data 
showing five geoelectrical layers.   Resistivity of 273 Ωm was interpreted as the top soil, 5.21 Ωm to 11.6 
Ωm as clay horizon which is the aquiclude. The curve graduates with increase of resistivity of 23.3 Ωm as 
intercalation of clay with sand. The resistivity values increase with increasing sand saturation which could 
possibly be an aquiferous layer.            
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Fig. 14: Vertical Electrical Sounding model for Control VES 3 at Ikarama 
 

Table 13: Geoelectric section for control site VES No 3 at Ikarama 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 250.4  0.477 0.477 Top soil  
QQHA – 

Curve graph 
2 46.96  2.018 2.495 Clay 
3 13.98 6.969 9.464 Sand  
4 6.904 0.7979 10.26 Clay 
5 94.65 8.45 18.71 Sandy clay 
6 394.6         Sand 

 

A resistivity distribution of 13.98.4Ωm to 394.6Ωm as shown in VES 3 of the control site (Fig. 14) was 
obtained. Resistivity of 250Ωm was interpreted as the top soil. Resistivity range of 46.96Ωm to 6.904Ωm 
was taken as clay horizon.  The curve showed a rise of resistivity (94.65Ωm) suspected to be sandy clay 
formation. The resistivity curve runs into a region of high resistivity which reflects aquiferous condition 
of retaining and transmitting groundwater. 

 

 

Fig. 15: Vertical Electrical Sounding model for Control VES 4 at Ikarama 
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Table 14: Geoelectric section for Control site for VES No 4 at Ikarama 
Layers Resistivity  

(Ohm-m) 
Thickness 

(m) 
Depth 
(m) 

Interpretation 

 

Curve Type 

1 37.9  0.82 0.82 Top soil  
QHAK – 

Curve graph 
2 18  1.25 2.07 Clay 
3 5.23 2.39 4.46 Clay  
4 966 5.57 10 Sandy clay 
5 9254 12.4 22.4 Sand 
6 2342    

1D- VES 4 (Control Site) 
The resistivity distribution of Figure 15 shows the control site of VES 4. The resistivity distribution 
shows four geoelectric layers viz as top soil (37.9 Ωm), clay (10 Ωm to 5.23 Ωm), sandy clay (966 Ωm) 
and sand (9254 Ωm). The sandy layer is considered porous and permeable and possible aquiferous unit. 

Conclusion 

The study successfully delineated layer resistivity distribution with respect to lithological changes of the 
impacted and the un-impacted sites. The impacted and the un-impacted sites indicated the similar 
lithology sequence of top soil, clay, sandy clay and sand.  However, the resistivity distribution of the 
impacted sitesshows most of the curves with abrupt resistivity changes established to be presence of 
hydrocarbon spill contamination.  
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