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Abstract 
A direct current electrical resistivity survey using the Schlumberger Vertical Electrical Sounding (VES) and 
dipole – dipole profiling techniques have been used to map structurally controlled pollution plume around the 
Otutubiosun dumpsite, Akure, southwestern Nigeria. The geoelectric interpretation and the inverted 2-D 
resistivity structures revealed three subsurface layers: the topsoil, weathered layer and the fractured/fresh 
basement rock. The fractured/fresh basement constitutes the basement bedrock. The weathered layer and the 
fractured/faulted zones constitutes the major aquifer units in the study area. Topsoil resistivity and thickness 
value ranges from 5 – 107 ohm-m and 0.2 – 2.7 m respectively. The weathered layer resistivity values vary from 
4 – 35 ohm-m while its thickness ranges from 1.1 – 12.9 m beneath the dumpsite. The depth to the bedrock 
varies from 2.2 – 13.1 m. The resistivity values of the fractured/fault zones rages from 2 – 55 ohm-m and the 
thickness varies from 10 – 30 m. The 2-D resistivity structures show that zones with relatively low resistivity 
values of (< 35 ohm-m) with a depth range of 1.1 – > 15 m for topsoil, weathered layer and fractured/faulted 
basement zones are suspected to be due to leachate saturation. Due to the observed relatively shallow water 
table of 0.5 – 2.0 m around the dumpsites the groundwater around the dumpsites is suspected to have been 
polluted. This study reveals that subsurface geologic structures within the bedrock (fractures/faults) control the 
migration of leachate plume around the investigated dumpsite 
__________________________________________________________________________________________ 
Keywords: geoelectric, delineation, geologic structure, dumpsite, leachate plume, migration 
__________________________________________________________________________________________ 
INTRODUCTION  
Urban waste materials, largely of domestic garbage, 
are usually improperly disposed without 
consideration to its environmental risk. This improper 
disposition consequently constitutes a high risk to the 
underground water resources. It has been established 
that several dumpsites that have existed for over 40 
years are abound within the Akure Metropolis. One 
of them is the Otutubiosun area dumpsite (Bayode, 
2010). It is expected that the decomposed organic 
matter at the dumpsites would have generated enough 
leachate plume over the years which could have 
infiltrated and polluted the groundwater in the area. 
When leachates are in contact with groundwater, its 
portability is impaired.  
 
Therefore, the communities which depends largely on 
shallow hand dug wells in the affected area is at a 
serious health risk. In hard rock areas, groundwater is 
found in the weathered layer, joints, fractures and 
faults of the local rock. Therefore, it is imperative to 
map and monitor the migration path of the leachates 
through the weathered and the fractured bedrock 
which constitutes the main aquifer units in the study 
area 
 

Several authors have worked on the use of electrical 
resistivity method in mapping leachate plume in the 
hard rock terrain of southwestern Nigeria (Olayinka 
et al., 2001, Adepelumi et al., 2005, Obase et al., 
2009, and Bayode et al., 2011). Bayode et al., (2011) 
used integrated geophysical approach to investigate 
fracture/fault controlled spring in Ibuji, within the 
basement complex terrain of southwestern Nigeria. 
This work involved the electrical resistivity method 
using the Vertical Electrical Sounding (VES) and 
Dipole-Dipole horizontal profiling techniques, since 
it provides economic and non-destructive means of 
mapping leachate plume from dumpsites located in 
built up areas. The electrical resistivity contrast that 
exists in electrically conductive leachate and the 
native groundwater is an added advantage to the 
applicability of the method. 
 
Site Description 
The study area is located within the Akure Metropolis 
(Fig.1). The investigated dumpsite is located between 
longitudes 50091E and 50 141E and latitudes 70 
131N and 7o 171N. It covers an area extent of about 
166250 m2. The topography of the area is relatively 
flat
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Fig. 1: Map of Akure Showing the Study Area 
 
Geology and Hydrogeology 
The study area is underlain by the Precambrian 
Basement Complex Rocks of southwestern Nigeria 
(Rahaman, 1976). The main lithologic unit identified 
in the study area is the migmatite gneiss (Fig. 2). The 
migmatite gneiss occurs as low lying outcrops in the 
vicinity of the dumpsite Fig. 3). The migmatite gniess 
rock underlying the dumpsite may have experienced 
structural deformation in the course of its geologic 
evolution. Groundwater is found in the weathered 
layer, fractured and jointed column in a typical 
basement terrain. The weathered layer in the study 
area is generally thin due to shallow depth of 
occurrence of the basement bedrock. The basement 
rock is mainly exposed in the northern part and 
southern part of the area (Fig. 3). Structural 
discontinuities (shear zones, faults, fractures and 
joints) within the basement bedrock are possible 
conduit for leachate as well as groundwater migration 
in a typical basement complex terrain.   
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(After  Owoyemi, 1996)    
 
Data Acquisition and Processing 
Four (4) traverses each extending to about 260 m 
long were established in an approximately N-S and 
E-W directions in the study area (Fig. 3). The survey 
engaged the electrical resistivity method, using the 
Vertical Electrical Sounding (VES) and the dipole – 
dipole techniques. A 2-D subsurface imaging was 
carried out at approximately North-South and East-
West orthogonal directions across the dumpsite with 
the dipole – dipole array profiling along Traverses 1 
and 2 (Fig. 3). Measurements were made at electrode 
spacing, of a = 5 m and expansion factor n, varying  
 
 
from 1 – 5. The dipole – dipole data were inverted 
into a 2-D resistivity structure using the  
DIPRO for windows (2000) software.  
 
Seventeen Schlumberger depth soundings were 
carried out within the study area. The electrode 
spacing (AB/2) m was varied from 1 – 100 m. Four 
(4) – five (5) depth soundings was carried out along 
each of the two traverses for subsequent correlation 
with the dipole – dipole 2-D resistivity structure (Fig. 
3). The VES data interpretation involved the partial 
curve matching technique and 1-D computer aided 
forward modeling, involving the WinRESIST version 
1.0 software (Vander Velper, 2004). 
 
RESULTS AND DISCUSSION 
Three subsurface geoelectric layers delineated by the 
interpretation are shown in the geoelectric sections 
(Figs. 4a, 5a and 6 (a and b)). These are the topsoil, 
weathered layer and the fractured/fresh basement 
rock. The geoelectric parameters obtained for the 
study area are contained in Table 1. The table shows 
that the area around the dumpsite is characterized by 
relatively low resistivity values of between 5 – 107 
ohm-m and between 4 – 35 ohm-m for the topsoil and 
the weathered layer respectively. The relatively high 
resistivity value (107 ohm-m) observed within the 
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topsoil in the vicinity of the dumpsite along traverse 
1 is suspected to be lateritic clay (Fig. 4a). 
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VES Locations and Hand dug Wells 
 

 
Fig. 4:  2-D Resistivity Structure and Geoelectric 
Section along Traverse 1 

 
Fig. 5: 2-D Resistivity Structure and Geoelectric 
Section along Traverse 2 

 
lateritic clay (Fig. 4a). Relatively higher resistivity 
values ranging from 32 – 351 ohm-m and 16 – 46 
ohm-m were obtained for both the topsoil and the 
weathered layer respectively for geoelectric sections 
located outside the dumpsites (Figs. 6 (a and b)). Due 
to the low resistivity values observed for both the 
topsoil and the weathered layer, it is suspected that 
leachates generated for the dumpsites have migrated 
vertically downward from the topsoil into the 
weathered layer.  
 
The 2-D resistivity structures obtained along profiles 
1 and 2 are presented in (Figs. 4d and 5d). The 
inverted 2-D resistivity structures delineated three 
subsurface layers. These are the topsoil, weathered 
layer and the basement bedrock. The 2-D resistivity 
structure obtained beneath the dumpsite show that the 
top soil have virtually merged with the weathered 
layer due to overlapping low/high resistivity values 
and relatively small thickness (Table 1). The topsoil 
is characterized with light - deep bluish, greenish and 
yellow – reddish colour bands. The yellow – reddish 
colour bands observed at a depth of  0 – 3 m between 
stations 20 – 23 (100 – 115 m) along profile 1, and 
between station 5 – 17 (25 – 85 m) along profile 2 
(Figs. 4d and 5d ) are characteristic of  topsoil 
lateritic concretion/fresh basement rock. Very low 
resistivity values of (3 – 24 ohm-m) zones with  light 
blue to deep bluish colour bands occur between 
station 5 – 15 (25 – 75 m) along profile 1 and 
between station 18 – 23 (90 – 115 m) along profile 2. 
This may be an indication of leachate saturation.  
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The second layer is the weathered layer. It is 
characterized by greenish colour bands (Figs 4d and 
5d). The layer resistivity values generally ranges 
from 3 – 55 ohm-m. The thickness of the weathered 
layer varies from < 2.7 to 8.7 m. The above 
geoelectric parameters correlate with the geoelectric 
sections (Fig. 4a, 5a and 6(a and b)). The weathered 
layer containing patches of light –deep bluish colour 
bands with low resistivity values ranging from 3 – < 
24 ohm-m are characteristic of leachate polluted 
areas. 
 
The last layer is the basement bedrock, characterized 
by yellowish – red colour bands (Figs 4d and 5d). 
The 2-D resistivity structures show that the resistivity 
values range from 55 – 348 ohm-m. A major 
discontinuity between stations 7 – 11 (35 – 55m) 
along profile 1, and between stations 3 – 9 (15 – 45 
m) and stations 17 – 19 (85 – 95 m) along profile 2 
suspected to be a fractured/fault zones was delineated 
from the 2-D resistivity structure. The fracture/fault 
zones manifests as low resistivity zones 
(characterized by light to deep bluish colour bands) 
within the high resistive basement host bed rock with 
thickness varying from 10 – 30 m and depth extent of 
8.7 – > 15 m. The investigated dumpsite is located 
directly above the identified structural features 
(fractures/faults) along profiles 1 and 2. It is 
suspected that the characteristic light to deep bluish 
colour bands observed within these structural features 
or in the vicinity are leachate that have migrated from 
the dumpsite into the subsurface structural features 
(fractures and faults), and are indicative of pollution 
migration within the features. However, due to 
relatively small thickness of < 3 – 8.7 m and the 
presence of lateritic concretion within the overburden 
material beneath the dumpsite as obtained from the 2-
D resistivity structures and the geoelectric sections, 
the leachate generated at the dumpsite have been 
forced to accumulate and migrate mainly within the 
identified structures (fractures/faults) underlying the 
dumpsite.  
 
Correlation of the 2-D resistivity structures and the 
geoelectric sections (Figs. 4 and 5) show that the area 
beneath the dumpsite is characterized by relatively 
low resistivity values ranging from 3 – 24 ohm-m for 
both the top soil and the weathered layer. The 
interpretation delineated resistivity values ranging 
from 5 – 27 ohm-m and 4 – 35 ohm-m for the top soil 
and weathered layer respectively beneath the 
dumpsite. The low resistivity values of < 35 ohm-m 
are suspected to be due to leachate saturation and 
hence leachate pollution of the area around the 
dumpsite. The depth to water table, determined from 
hand dug wells around the dumpsite, generally varies 
from 2 – 4 m. Due to depth of leachate migration of 2 
– > 15 m, the top soil and the ground water in both 
the weathered and the fractured/fault zones in the 

area around the dumpsite is suspected to have been 
polluted. 
 
CONCLUSION 
The electrical resistivity method using the 
Schlumberger Vertical Electrical Sounding (VES) 
and dipole – dipole profiling techniques have been 
used to map structurally controlled pollution plume 
around the Otutubiosun dumpsite, Akure, 
southwestern Nigeria. Both the VES and the 2-D 
resistivity structures delineated three subsurface 
geoelectric layers inferred to be geologic units: These 
are the topsoil, weathered layer and the 
fractured/fresh basement rock. Due to the shallow 
occurrence of basement bed rock at a depth of 2.7 – 
8.7 m and lateritic concretion of the weathered layer 
material in major part of the study area, the 
fractured/fault zones delineated from both the 
geoelectric sections and the 2-D resistivity structures 
(Figs. 4 and 5) constitutes the major aquifer units. It 
was observed that the groundwater and the leachate 
are hosted in fractured/fault bedrock as well as the 
thin porous overburden units overlying the fresh 
bedrock. Therefore, the fracture/fault zones mainly 
controls the migration of the leachate plume (Fig. 4d 
and 5d) and thus polluting the groundwater in the 
vicinity of the dumpsite. The weathered and the 
fractured/fault zones are generally characterized by 
low resistivity values of 3 – 55 ohm-m. The thickness 
of the weathered layer varies from 2.7 – 8.7 m while 
the depth to the fractured/fault zones is generally 
about 5 m. It can be concluded that the resistivity 
method using VES and the dipole – dipole profiling 
techniques have been successfully used to map the 
leachate plume arising from the Otutubiosun 
dumpsite and the structures controlling the migration 
of the pollution plume. 
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Fig. 5: Geoelectric Section along Traverse 3 

 

 
Fig. 6: Geoelectric Section along Traverse 4 
 

 

 Table 1: Geoelectric Characterization of the Investigated Dumpsites. 

ODOPETU DUMPSIE 

Layering Resistivity  
Range (ohm-m) 

Resistivity within  
Dumpsite Area (ohm-
m) 

Thickness (m) Lithologic Description 

Topsoil 5 – 351 5 – 107 0.2 – 2.7 Made ground, fill materials, 
lateritic clay/concretion, clay and 
sandy clay. 

Weathered 
layer 

4 – 46 4 – 35 1.1 – 12.9 Leachate-infiltrated weathered 
layer. 

Basement 
Bedrock 

202 – 2230 202 – 2230 *2.2 – 13.1 Fractured/Fresh Basement. 

*Depth to basement bedrock. 
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