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Abstract: A DC Resistivity and geochemical surveys were conducted to detect and monitor an underground 

contamination plume, its source, nature and the potential for its migration and retardation in domestic drinking 

water wells near a service provider’s mast in part of Ikare Akoko, Southwestern Nigeria. A total of 22 dipole-

dipole survey stations along north - south azimuth were occupied with a dipole spacing of 5 m and expansion 

factor, n, of 1 to 5. Three Schlumberger vertical electrical resistivity sounding data were acquired. Inter – 

electrode spacing (AB/2) varied from 1 - 65 m with a maximum spread length of 130 m. The ABEM Terrameter 

SAS 1000 equipment was used for the measurements of the ground resistance. The sounding data were 

quantitatively interpreted by computer-iteration technique involving the WinRESIST algorithm while the 

interpretation of the dipole dipole data involved inversion model using Dippro TM software programme. The two 

time-variant geochemical data for well water and bottom sediments were analysed by gravimetry method for 

total petroleum hydrocarbons. Results of the VES data delineated three subsurface layers –the 

lateritic/sandy/sandy clay/clayey sand topsoil; the weathered/fractured basement and the presumably fresh 

bedrock with bedrock ridge and depressions. The resistivity dipole-dipole data showed a 2D imaging of the 

subsurface characterized by relatively high subsurface resistivity values (>200 ohm-m) and very low resistivity 

values (<100 ohm-m) typical of plastic clay sequences. The relatively high resistivity thin and inclined narrow 

subsurface structure was observed beneath the mast region that housed the underground petroleum storage 

tank. Geochemical analysis showed concentrations of total petroleum hydrocarbon in water and bottom 

sediments from the two Wells A and B. The values obtained for samples in 2012 and 2013 ranged from 17.4 - 

23.5 mg/L and 72.8 - 103.4 mg/Kg and 6.2 - 9.2 mg/L and 27.9 - 67.7 mg/Kg respectively. It may therefore be 

concluded that the highly resistive inclined near and narrow subsurface structure constituted a potential flow 

pathway and source of the contaminant plume arising from the leaky buried storage tank in the area. The 

movement of the plume may have been aided by combination of weathering products of the upper two layers, 

near surface and relief structures. 

 

Keywords: Detect, resistivity, source, petroleum, contaminant, concentration 

 

I.  Introduction 

The earth media, composed of different subsurface layers, remains a major receptor of environmental impact and 

source of safest and abundant potable water for consumption. The earth medium is often shielded from direct human 

activities (Enikanselu, 2008). This explained its potential as a natural filter to infiltrated water (Olorunfemi et al., 

1999).  

 XY road, Ilepa Quarters, Ikare-Akoko, Ondo State Southwestern of Nigeria, is among notable quarters in Ikare 

town not only for its dense population but its position or location in the town. It is located on a relatively high local 

topographic zone and in close proximity of a State Specialists Hospital, private clinics and very famous private 

pharmaceutical stores. The inhabitants of the area rely much on groundwater for about 90% of their total water 

consumption. 

With the advent of mobile phone in 2000 in Nigeria, mobile telephone service providers/operators embarked on 

massive and rapid erection of communication masts in the nooks and crannies of the cities, towns and villages across 

the country particularly at many local topographical highs. Little are known by many residents about the potential 

accidental hydrocarbon spills or discharge associated with this development or its associated ecological and 
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metabolic imbalance. The point source of spill is usually from the leaky underground petroleum storage tanks based 

– masts and its flow is not easily noticed because of the slow flow rate of fuels that takes a longer time to manifest in 

wells. In many areas where the impact began to emerge always heralds the attention and precipitates a dispute. The 

dispute over which companies are responsible for the contamination of the wells resulted in a major lawsuit/civil 

action. The contamination of well mentioned above is described as one of the most significant chemical threats to 

groundwater quality (OTA, 1984; USEPA, 1990; Bedient et al, 1999).  Cleanup and recovery from an oil spill is 

difficult and depends upon many factors, one of which includes the type of oil spilled, This is the case of the XY 

road, part of Ikare - Akoko harbouring one of the service provider’s masts primarily erected to boost communication 

services. 

Records of sporadic erection of Masts in residential areas and their attendant environmental threats are on the 

increase locally and internationally. Underground tanks may leak due to internal or external corrosion of the metal 

parts and holes in the tanks or in associated non metal parts such as piping and valves. The remediation of 

underground storage tank plumes is a major focus of hydrogeological assessments in many developed countries of 

the world (Bedient et al., 1999). The true impact of underground storage tanks is usually felt when it became 

apparent that shallow sources of groundwater, in the form of hand-dug wells, which constitute about 85% of sources 

for domestic purposes are contaminated.  Contaminants can mix and interact, be absorbed or released from the soils, 

migrate and disperse rapidly or be retarded and pooled at various depth levels depending on the physiochemical 

properties and the degree of saturation. 

Geophysical techniques of investigating the composition, structure and nature of the subsurface have reached a high 

degree of sophistication to investigate the earth for societal benefits. The electrical resistivity technique is 

particularly suited for the detection of contaminant plume in the subsurface owing to the resistivity contrast between 

the polluted/impacted zone and the surrounding. For this reason, electrical resistivity method was considered 

suitable and therefore employed. It is a fast, cost effective and non-invasive tool of investigating ground water 

contamination or geological environment for the determination of the distribution of pollutant in space and time. 

Several authors have worked on the use of electrical resistivity method in mapping leachate plume with success in 

the hard rock terrain to include Ross, et al., 1990, Slaine, et al., 1990,  Olayinka et al., 2001, Enikanselu, 2008, 

Obase et al., 2009, Bayode et al., 2011 etc. The dc resistivity and geochemical surveys have been integrated in this 

regards. This is expected to provide qualitative and quantitative evaluation in line with the objectives of the study. 

 

II. Study Location and Geology 

XY road in Ilepa Quarters of the study is part of  Ikare in Akoko Northeast Local Government Area of Ondo State, 

Nigeria (Fig. 1). It is situated within latitudes N07031.593’ and N07031.607’, and longitudes E005045.689’ and 

E005045.687’ (Fig. 2). Generally, the land scenery of the Ikare areas show a relief that is almost undulating and the 

physiography of the areas is made up of hills and ridges; pene-plain and valley adjacent to the hills.The ridges are 

about 150 to 300 m extensive.  The lowest altitude on the lowest plain is around 1000 m while the altitude defined 

by the peaks of the ridges is 1400 m high. The topography of Ikare-Akoko is high ( Fig. 2) . There are hills which 

imply that the place is of high relief of about 200 m to more than 1500 m. There are knolls and ridges which covered  

the quartzite belt in the area. Also are isolated hills and flat exposures, the topography of the area decreases towards 

the Eastern part. 

The area is underlain predominantly by the Precambrian Crystalline Basement Complex of  igneous suites and a 

wide range of high-grade metamorphic rocks of undifferentiated gneissic complex  (Fig. 3). These rocks are  

extensively weathered and overlain by variably thick/thin columns of regoliths at places. The lithologic units include 

charnokite, porphyritic granite, biotite granite, pelitic schist, migmatite gneiss, granite gneiss and quartzite 

(Rahaman, 1988). 

 

III.  Method of Study 

A Electrode Array 
Dipole – dipole electrode array employed (Fig. 4), the spacing between each pair of electrodes is a and the distance 

between the electrodes pairs is . Thus, . Therefore, the 

apparent resistivity is given as: 

……………………….(Eqn. 1) 
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………………………..(Eqn. 2) 
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Fig. 1: Map of Ikare street guide showing the study area 
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Fig. 2: Topographic Map of Ikare Akoko showing study Area 

 

 

Fig. 3:  Geological Map of Ikare Akoko (Modified after Alade, 2007) 
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This array is suited for a successful detection of geologically induced structures such as cavities and other migrating 

pathways where the good horizontal resolution is enhanced (Loke, 1997).   

 

B     Data Acquisition and Analysis 

A reconnaissance survey was initially conducted and involved direct inspection/observation and measurement of 

separation and elevation difference of the wells and mast regions. A total of 22 dipole-dipole survey stations along 

NS azimuth were occupied with a dipole spacing of 5 m and expansion factor, n, of 1 to 5 to accommodate the 

impacted and the non-impacted zones/segments of the area under investigation. A total of three Schlumberger 

vertical electrical sounding stations were acquired. Inter – electrode spacings (AB/2) varied from 1- 65 m with a 

maximum spread length of 130 m. The ABEM Terrameter SAS 1000 resistivity equipment was used for the 

measurements of the ground resistance. It is a high sensitivity portable and compact resistivity instrument which 

displays the internally computed resistance after three cycles of averaging. The product of the resistance and the 

geometric factor of the array gave the apparent resistivity values for both the dipole-dipole and Schlumberger arrays 

employed in this study.  

The Schlumberger vertical electrical sounding apparent resistivity values obtained were plotted against the inter-

electrode spacings on a log-log graph sheet. The resulting plots were quantitatively interpreted by two techniques; 

partial curve matching (using 2-layer model curves and the corresponding auxiliary curves) and computer iteration 

involving a WinRESIST software to obtain the depth sounding curve and corresponding true geoelectric parameters 

for the layering sequences. The apparent resistivity dipole-dipole data were inverted using the DipproTM, a software 

developed by Korean Institute of Geoscience and Mineral Resources to obtain both field and theoretical data 

pseudosections and a 2D resistivity structure. The 2D resistivity structure was qualitatively interpreted by examining 

the characteristic resistivity signatures displayed in resistivity ranges (colour code) typifying different subsurface 

layers, extent of overburden cover, degree and possible source of the plume, and potential for migration. 

The two time-variant geochemical data from well water and bottom sediments collected between a time frame of 

one year period between the years 2012 and 2013 were analyzed for total petroleum hydrocarbons/non aqeous 

petroleum liquid (NAPL) by gravimetry method. 

 

IV. Results and Discussion 

A Depth Sounding Curves and Geoelectric Section 

Figures 5 and 6 show a typical resistivity sounding curves and geoelectric section respectively. These were obtained 

beneath the stations across the section/segment investigated.  The curves are characterized by H – types which 

suggest a subsurface sequence that is made up of a resistive material (uppermost lateritic topsoil) underlain by low 

resistivity sandy clay/clayey sand/sandy regolith materials followed by a high resistivity basal/fresh bedrock unit.  

 

A B M N 

V I 

Geometric factor = n(n+1)(n+2)a 

Fig. 4: Dipole-Dipole Electrode Array (after Loke, 1997) 

a a na 
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Figure 5: A typical resistivity sounding curve in the study area 
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Fig. 6: Geoelectric section in the study area 

   

The geoelectric section identified a maximum of three subsurface layers beneath the segment (Fig. 6) to include an 

upper topsoil (with layer resistivity 59 – 375 ohm-m and thickness values of 0.9 –1.4 m); the weathered/partially 

weathered layer (10 – 404 ohm-m, 1.6 – 4.2 m) and finally the fresh basement/bedrock of infinity ohm-m are 

delineated. The depth to rockhead ranges from 2.9 – 5.6 m. Most of the hand-dug wells in the area terminate in the 

shallow third- layer aquifer unit.  

 

B 2D Resistivity Structure and Geochemical Analysis  

The 2D resistivity structure of the inversion model of the dipole – dipole data gives a very approximate picture of 

the true subsurface resistivity distribution with a high resistivity anomaly detected at the region of the mast. The 

colour code shows degree of contamination of the subsurface with blue- non polluted;  green - slightly polluted;  

yellow- fairly polluted;  red/purple-very polluted / basement effect (Fig. 7). The Mast housing the underground 

petroleum storage tank is located at station 10 at an elevation of 418 m above sea level, Well A is at station 11 and 

elevation of 417 m while Well B is at station 14 of the dipole dipole profile about 20 m away from the Mast at an 

elevation of 416 m above sea level (Fig. 8).  Areas beneath this segment was underlain by quartzite and was 

characterized by relatively high subsurface resistivity values (>200 ohm-m) and very low resistivity values (<100 

ohm-m) typical of plastic clay sequences. 

Asides from shallow basement effect delineated as high resistive zones or reddish/purplish colour region at depth, 

the relatively singular high resistivity thin and inclined narrow structure (reddish region) was observed at shallow 

depth beneath the mast region that housed the underground petroleum storage tank. This singular high resistivity 

inclined and narrow structure within the mast region opens to the surface and conducts down to a shallow depth of 
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Fig. 7: FDM inversion of the dipole dipole resistivity profiling data acquired over  hydrocarbon impacted 

soil/subsoil at the MTN mast region. 
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Fig. 8: Plot of the Mast and Wells elevations above sea level 
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about 5 m. This suggests the only escaping route or a conducting pathway for the migration of the contaminant 

plume into the surrounding to pollute groundwater and wells. The movement of the plume may have been aided by a 

combination of weathering products of parent rocks, near surface and relief structures of the landmass. The 

movement must have followed a supposedly general groundwater flow patterns in the area with a flow from high 

elevation (418 m asl) to low elevation region (416 m asl) as observed and confirmed from the results of elevation 

values measured and plotted for the mast and the two Wells A and B (Fig. 8). The vertical flows of contaminants 

generally slow and minimal may have further been impeded by the contribution of the shallow basement effect to 

constitute a pool of contaminant plumes in the cavities or subsurface as isolated and saturated pockets of 

containment structure(s).  The contaminants spread radially more as the subsurface is more saturated by surface 

recharge from precipitations. This  may have polluted the wells at the downslope in the area as they are vulnerable 

as a result of the relief structure and general transport mechanism of the solvent. 

Geochemical analysis shows evidence of contamination of groundwater in wells within the vicinity of the mast 

service provider.  Well water and bottom sediments from the locations may not have significantly different from one 

another in physio-chemical characteristics but differ in total NAPL hydrocarbon contents (Table 1) as a result of the 

leak from the underground petroleum product storage tank. From the two  time – variant geochemical data, the 

values obtained for the two wells A and B in the years 2012 and 2013 ranged as followed; well bottom sediments 

and water samples 72.8 - 103.4 mg/Kg and 17.4 - 23.5 mg/L and 27.9 - 67.7 mg/Kg and 6.2 - 9.2 mg/L respectively. 

The values show a decrease in concentrations as a function of time lapse. Total hydrocarbon contents are of higher 

value / concentrations in the water wells A and B in 2012 than in 2013 when the wells were revisited for sampling 

and analysis. This may likely suggest dispersing nature of the plume as a function of time. 

 
 

Table 1: Results of total petroleum hydrocarbons in sediment and water from Wells 

Year Concentration of 

Hydrocarbon in 

WELL A Bottom 

sediments (mg/kg) 

Concentration of 

Hydrocarbon in 

WELL B Bottom 

sediments (mg/kg) 

Concentration of 

Hydrocarbon in 

WELL A Water 

(mg/L) 

 Concentration of       

 Hydrocarbon in 

 WELL B Water  

        (mg/L) 

2012 103.4 72.8 23.5 17.4 

2013 67.7 27.9 9.2 6.2 

 

V.  Conclusion 

The study has provided a set of results that delineates two contrasting resistivity zones – hydrocarbon impacted zone 

and the surrounding of the source potential of the plume. The impacted zones are characterized by relatively high 

resistive zones arising from non conductive nature of the spilled organic constituents. The service provider mast 

located at the XY road, Ikare Akoko may have constituted a potential risk / hazard to residents as evident from the 

polluted domestic drinking water from wells. It may, therefore, be concluded that the highly resistive inclined near 

and narrow subsurface structure constituted a potential flow pathway and source of the contaminant plume arising 

from the leaky buried storage tank in the area. The movement of the plume may have been aided by combination of 

weathering products of the upper two layers, near surface and relief structures.  
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