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This study aims to investigate the groundwater potential of Coastal Plain Sands area of Ado-Odo/Ota within
Dahomey Basin using the integration of aeromagnetic method and electrical resistivity imaging. The aero-
magnetic method is applied to reveal the possible hydrogeological structures (such as lineament or fracture)
buried in the subsurface. The lineaments which are interconnected are observed in the eastern part of the study
area while the western part is void of the interconnectivity of lineaments. Resistivity technique is applied in
regions where there are interconnectivity and non-interconnectivity of lineament to delineate occurrence of
groundwater about the observed lineament. The depths to magnetic sources range between 102.6 and 1965.2 m.
Furthermore, the result of resistivity technique shows that the depth to aquifer ranges from 40 to 100 m with
corresponding resistivity values that range between 150.0 and 350.0 Qm in the region of the interconnectivity of
lineament, which is the eastern part of the study area (Igboloye-Covenant University area) and had high
groundwater potential. The western part which is void of the interconnectivity of lineaments (Alapoti area)
ranges from 80 to 130 m with resistivity values that range between 250.0 and 450.0 Qm suggesting that the area
has low groundwater potential. The study, therefore, shows that the occurrence of groundwater in Ado-Odo/Ota
community is a function of hydrogeological structures such as lineaments or fractures, and as a result, this in-
formation could serve as guide for borehole drillers, civil engineers and resident of the study area for proper
planning before siting borehole either for domestic or industrial use.

misinformation about its existence, many have not placed value on
groundwater as the only source of sustainable water supply. However,

1. Introduction

It has been confirmed that groundwater exists in the three main rocks
types that are found in the earth crust namely the igneous, sedimentary
and metamorphic rocks, and each of these rocks that host the ground-
water needs to be carefully studied to derive maximum benefit (Vouil-
lamoz et al.,, 2015). Exploration of groundwater is usually a
hydrogeological and hydro-geophysical inference operation and de-
pends on the analysis of the hydrological indicators and assurance
(Anthony, 2012). As a result, groundwater has been adjudged to offer an
abundance of water to a man (Olasehinde, 2010; Omole, 2013; Omole
and Ndambuki, 2014; Adagunodo et al., 2018a) which is a reliable and
most constant source of water supply in terms of quantity and quality.
Due to its invisibility on the earth subsurface and probable
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the occurrence of groundwater in any part of the surface of the earth is
not a matter of chance but as a result of the interaction of physio-
graphical, ecological, hydrological, geological, and climatic factors
(Biswas et al., 2012; McLachlan et al., 2017). Therefore, exploring
groundwater resource requires the use of certain geophysical techniques
to derive its benefits. Various geophysical methods have been employed
in exploring groundwater resources ranging from traditional methods
(such as fracture trace method) to sophisticated ones (which include
electrical, electromagnetic, seismic methods, etc.). However, recently, it
has been observed that using any geophysical techniques alone for
groundwater investigation might not yield desired result (Omole, 2013;
Descloitres et al., 2013; Ojo et al., 2015) and this is due to the
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heterogeneous nature of the subsurface. It is often possible to determine
the depth to basement and under the favourable situation, quantitatively
map basement structures, such as host blocks and faults (Prieto and
Morton, 2003; Barbara et al., 2016) using the magnetic technique. After
all, structure in the shallower segment often lies comfortably atop the
basement, at minimal depth. Furthermore, faulting in the shallower
segment is often dominated through the revival of basement faults, it is
often feasible to discern formation favourable to groundwater occur-
rence from the interpretation of basement (Goussev et al., 2003), while
the use of electrical resistivity method can estimate the contents of
groundwater host by hydrogeological structure.

The state water corporations make use of some rivers in Ogun State
as a means of water supply to the populace; this water is insufficient for
domestic uses to let alone its availability for industrial uses. Ground-
water has been the only source of water for all activities in the study
area. The reconnaissance survey revealed some failed hand-dug wells in
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the study area, which has been as a result of inadequate use of the proper
geophysical tool(s) to explore the promising aquiferous zones in the
subsurface. Therefore, this research aims to investigate the potential
assessment of groundwater in Coastal Plain Sand area of Ado-Odo/Ota
using the integration of aeromagnetic and electrical resistivity imaging
in order to ascertain the level of availability of this resource in Ado-Odo/
Ota being an industrialized environment, which has impact on the
population growth in the study area. Also, due to the insufficient
geophysical information and topographic nature of the subsurface of the
area, access to groundwater for the domestic purpose has been
problematic.
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Fig. 1. Map of Ogun state showing the location of the study area.
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2. Materials and methods
2.1. Study area

The Ado-Odo/Ota area (Fig. 1) is within the Dahomey basin which is
one of the sedimentary terrains of Nigeria and located at the southern
part of Ogun State sharing boundary with Lagos State and is charac-
terised by lowlands, valleys and hills (undulating terrain). The pattern of
drainage of the study area is dendritic. The area drained by Iju River,
River Imede, River Isaku, River Ogbe, River Owuru, River Ore, River
Imojiba and other tributaries. It has an area of 878 km? and a population
of about 526,565 at the 2006 census. The distance between the study
area and Lagos lagoon is about 121 km while the mean elevation is about
200 m above the sea level. Generally, Arabian and African continent is
made up of a Precambrian basement of crystalline meta-sedimentary,
igneous and meta-igneous rocks (Adagunodo et al., 2018b). This crys-
talline basement is overlain by a series of geological settings ranging
from volcanic and sedimentary sequences to unconsolidated Cenozoic
sediments (Adagunodo et al., 2018c; Adewoyin et al., 2017). Nigeria is
on the Pan-African mobile belt, which separates the Congo Cratons and
the West African Craton. The two major geological formations that
spread in equal proportion in Nigeria are the sedimentary Basins (Upper
Cretaceous in age) and Basement rocks (Precambrian in age) (Adagu-
nodo et al., 2018¢; Adewoyin et al., 2017). The local geology of the study
area is made up of sedimentary rock sequence of Dahomey Basin (Fig. 2)
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which extends from the eastern part of Ghana through Togo and Benin
Republic to the western margin of the Niger Delta. The geological suc-
cession in the basin is as follows: the structure of the basin is a simple
monocline against the basement which underlies the sedimentary rocks
at varying depths. The dips are reportedly 1° or less to the south and
southwest (Jones and Hockey, 1964). The sequence of the rocks un-
derlying the study area is as follows: Abeokuta Formation which is
Cretaceous in age (Senonia) and this formation lies conformably on the
Basement Complex in the north and Ewekoro Formation in the
north-east. It is the oldest sedimentary formation, having a thickness of
250-300m (Reyment, 1965; Offodile, 2002). It consists of arkosic
sandstones and grits, tending to be carbonaceous towards the base
(Offodile, 2002). Overlying the Abeokuta Formation is Ewekor-
0/0shosun/Akinbo Formation, which is Paleocene. The formation con-
sists of a series of sandstone, shales, limestones and clays varying
between 100 and 300 m in thickness. This formation overlaid by Ilaro
Formation (Tertiary age - Eocene). It consists of fine to coarse sands
alternating with shales and clays (Offodile, 2002). Ilaro Formation is
overlaid by coastal plain sands (Pliocene) and Recent Alluvium (Qua-
ternary age) of Benin Formation, which is the youngest. The formation
comprises of sandstones and shales of upper Ilaro Formation, the
sequence of predominant continental sands and some lenses of shales
and clays which is about 107.7 m thick (Reyment, 1965; Offodile, 2002).
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2.2. Aeromagnetic method

The aeromagnetic method involves the use of aircraft to conduct a
magnetic survey to investigate the subsurface. This technique makes use
of variation in the earth magnetic field as the detecting tool (Adagunodo
et al., 2017). Magnetic field variations often used as diagnostics of
minerals and regional structures. In magnetic prospecting, the main
target of the application is the primary field which varies slowly and is of
internal origin, small field - this varies rapidly and originates outside the
earth and spatial variations of the main field which are smaller
compared to main field (Telford et al., 1990). These parameters are
usually constant with time and place and is caused by local magnetic
anomalies in the near-surface of the crust of the earth (Telford et al.,
1990).

2.2.1. Description of an analytical signal

Analytical Signal (AS) is known as total gradient and defined as the
square root of the sum of vertical derivatives of total magnetic field
intensity in the x, y and z directions. Analytical Signal requires the
horizontal (x, y) derivatives of the total magnetic field of the first-order
vertical derivative (z). Roest et al. (1992) and MacLeod et al. (1993)
described that analytical signal could be computed in 3D format from
three orthogonal derivatives of the total magnetic field intensity using
the expression:

(%F((x,y)z) + ((%F(x,y)z + <iF<x,y>T M

where ASIG is analytical signal and F is observed total magnetic field at
(%, y). Space domain analysis using splines are used in horizontal de-
rivatives computation, and wavenumber domain using fast Fourier
transform are used for vertical gradient computation (Al-Garni, 2010).

|ASIG(x,y)| =

2.2.2. Tilt derivative analysis
Tilt derivative also is known as tilt angle derivative (Miller and
Singh, 1994; Verduzco et al., 2004) is defined as

0= |% @
oh
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and 0F/0x, 0F/dy and dF/0z are the derivatives of the magnetic field Hin
the x, y and z-direction. Salem et al. (2007) defined the rate of change of
the tilt angle derivative © concerning the x, y, and z directions as the
wave-numbers
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and is the total gradient magnetic field.

2.2.3. Source parameter imaging

Source Parameter Imaging (SPI) is a powerful, easy and quick
method for determining magnetic sources depth (thickness of sediment).
It has an accuracy of about (+) 20% which is similar to that of Euler
deconvolution, but source parameter imaging (SPI) has the benefits that
it can produce a complete set of coherent solution points and it can easily
be used. The goal of SPI is that resulting images can easily be interpreted
by an expert geologist (Thurston and Smith, 1997). Thurston and Smith
(1997) determined the depth from the local wave-number of the
analytical signal using SPI method and defined by Nabighian (1972) as:

0F(x,z) .0F(x,z)

ox = 0z ®

A(X,Z)=

where F(x, z) is the anomalous total magnetic field (TMF) while j is the
imaginary number, z and x are Cartesian coordinates for both vertical
and horizontal directions respectively.

2.3. Aeromagnetic data acquisition

Aeromagnetic data on sheet 279 on a scale of 1: 100,000 and on the
coverage area of 3025 Sq. Km was acquired from Nigeria Geological
Survey Agency (NGSA), which was collected between 2006 and 2009
and covered the study area. The Mean Terrain Clearance (MTC) used
during the acquisition is 80 m. The equipment used for the acquisition of
the data by the NGSA is 3 Scintrex Cesium vapour magnetometers
mounted in about 7 Cessna Caravan fixed-wing aircraft, the data
recording interval was 0.1 s or less than 7 m and flight line spacing of
500 m. Projection method used in processing the data was the Universal
Transverse Mercator (UTM) and the WGS 84 as a datum. The spheroid
model used was the Clarke 1880 (modified), 33°E central meridian, a
scaling factor of 0.9996, a 500,000 m X Bias, a 0 m Y Bias and 50 m grid
mesh size were the plotting specification and IGRF 2005 model was used
for the calculation of declination and inclination. The first step in pro-
cessing the aeromagnetic data was to digitise the data acquired and
produce Total Magnetic Intensity map (TMI) that covers the study area
using Oasis montaj software version 6.4 (Fig. 3). The second step
involved analytical studies which were carried out using interpretation
techniques. The interpretation techniques used include analytical signal,
tilt derivative analysis and source parameter imaging (the procedure is
described in section 2.1.1 - 2.1.3) using version 6.4 of Oasis montaj
software.

2.4. Electrical resistivity principle

One of the new developments in recent years is the use of 2-D elec-
trical imaging/tomography surveys to map subsurface geology (Ada-
gunodo et al., 2015), such surveys are usually carried out using a large
number of electrodes, 25 or more, connected to a multi-core cable. A
laptop microcomputer together with an electronic switching unit is used
to select the relevant four electrodes for each measurement automati-
cally. At present, field techniques and equipment to carry out 2-D re-
sistivity surveys are fairly well developed. The necessary field
equipment is commercially available from several international com-
panies (Adagunodo et al., 2015). In electrical resistivity technique, two
pairs of electrodes are used for the fieldwork. The outer two electrodes
are typically the current (source) electrodes, and the inner two elec-
trodes are the potential (receiver/sink) electrodes. The array spacing
expands about the array midpoint while maintaining an equivalent
spacing between each electrode (Keller and Frischknecht, 1966). The
resistivity measurements are usually made by injecting current into the
ground through two electrodes and measuring the resulting voltage
difference at two potential electrodes. From the current (I) and Voltage
(V) values, an apparent resistivity (p,) value can be estimated as shown
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i Total magnetic intensity map of Ado-Odo/Ota LGA
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Fig. 3. Total magnetic intensity map that covers Ado-Odo/Ota showing 2D profiling section taken within geological units of Recent alluvium and Coastal

Plains Sand.

in Eq. (9). Wenner array (with multi-electrodes) is usually adopted for
2-D imaging (Adagunodo et al., 2015). This array is suitable to map the
lateral subsurface variations within the investigated region.

p, = mez (©)
1

where the p, is measured in Q.m, V is measured in volt; I is measured in

Ampere, a is the electrode spacing in meter, while 2ra is known as the

geometric factor.

The advantages of the Wenner array are that the apparent resistivity
can be calculated quickly in the field and the instrument sensitivity is
not as crucial as with other array geometries. Relatively small current
magnitudes are needed to produce measurable potential differences
(EPA, 1993). The disadvantages are that for each sounding, all of the
electrodes have to be moved to a new position. Imaging deep into the
earth, it is necessary to use longer current cables; handling the cables
and electrodes between each measurement can be cumbersome, espe-
cially in steep terrain. The Wenner array is also very sensitive to
near-surface inhomogeneity, which may skew, more in-depth electrical
responses.

2.5. Electrical resistivity data acquisition

In this research, 2D resistivity profiling using Wenner configuration
(Fig. 2) was adopted with the aid of the ABEM Terrameter SAS 1000
series in obtaining the resistivity data. The arrangement of profiling used
for the acquisition of resistivity data in this work is Wenner array with
the profiles length of 400 m and 1200 m respectively. The 2D resistivity
data was interpreted using DIPROfWin software version 4. The absolute
error (RMS) of 4+ 0.58 was achieved at five (5) iterations. Other mate-
rials used are four (4) hammers, two (2) current cables and two (2)
potential cables which are the connecting cables between the electrodes
and the terrameter, four (4) tape rules for profile length measurement,
75 electrodes, walking talking, four (4) clips and a car battery.

3. Result and discussions
3.1. Aeromagnetic responses of aeromagnetic data

Fig. 3 shows the total magnetic intensity of over Ado-Odo/Ota. The
first magnetic anomaly of interest was the high magnetic value ranging
between 68.2 and 80.0 nT. These are found trending in the eastern,
southern and north-west part respectively. The second magnetic
anomaly had high magnetic intensity value ranging between 58.2 and
66.4nT. The third magnetic anomaly represented semi-intermediate
magnetic anomalies ranging between 55.4 and 57.8nT. The fourth
anomaly had magnetic intensity values that ranged between 47.0 and
55.1 nT. The fifth magnetic anomaly has TMI values that range between
— 4.8 and 45.5nT. Geologically, the first, second, third and fourth
magnetic anomalies represented shallow Basement Complex rocks
judging from the high magnetic intensity value observed which is a
reflection of typical igneous and metamorphic rocks while the fifth
magnetic anomalies represent Sedimentary terrain. In terms of rock
types; first, second and third magnetic anomalies indicated the presence
of igneous rock, the fourth magnetic anomalies represent metamorphic
rock, and the fifth magnetic anomalies represent sedimentary rock. The
observed geological variations that existed in the area are essential in
understanding the hydrogeological situation of the study area, particu-
larly in terms of groundwater potential.

3.2. Analytical signal of aeromagnetic data

The advantage of this interpretation technique is that its shape is
independent of the direction of magnetisation of the source body and the
ambient field as well (Roest et al., 1992; MacLeod et al., 1993). As a
result of this, the analytical signal is beneficial at low magnetic latitude.
Ridges or peaks in analytical signal total magnetic intensity anomaly
map occur mostly on geological targets such as faults, volcanic plugs,
dykes, shear zones, lithological contacts, discrete bodies, and their
edges, magnetisation’s directions notwithstanding (Roest et al., 1992;
Wijns et al., 2005; Anudu et al., 2014). The analytical signal map of Ilaro
sheet 279 shows some anomalies bodies in the area (Fig. 4). Analytical
signal map of the aeromagnetic data of the study area confirms that the
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anomalies peaks exist over the causative bodies (this is shown in Fig. 4 3.3. Tilt derivative of aeromagnetic data
using dash line circle as a demarcation) which can be as a result of thick
sediment underlying the sedimentary formation in the study area. The Tilt derivative analysis map is shown in Fig. 5 and; this described the
probable causative bodies scattered within the central part of the study presence of lineaments in the study area and concentrated in the eastern
area towards the east and south were observed. Moreover, this depicts part of the study area. The lineaments pattern is a northwest-southeast
the structural elements that can control the groundwater occurrence in and northeast-southwest structural trend. Two geological environ-
the southern and eastern part of the study area. ments (shallow Basement Complex and sedimentary terrain) were
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indicated in Fig. 5; however, shallow basement rock sources dominated
the north-east and south-east region and partly the southern region.
However, the sedimentary terrain was deep-seated and shallow base-
ment sources occurring at a depth ranging between 102.6 m and
663.0 m (this was inferred using source parameter imaging as shown in
Fig. 6). This indicates that in the north-east and south-east regions, there
are linear structures which are probably fractures, which are pro-
nounced in the region compared to the western part of the study area.
Furthermore, it is also implied that in eastern region groundwater could
be as a result of fracturing and not thick sedimentary cover. The pres-
ence of lineaments in the study area could be as a result of shallow
basement rock intruded into the basin. These lineaments may likely be
groundwater channels which might serve as groundwater aquifer.

3.4. Source parameter imaging

Source parameter imaging (SPI) is used mostly for determining the
depth to magnetic sources when interpreting aeromagnetic data over an
area, and this was used to determine the thickness of the basin that
overlies the basement complex. The western part of the study area is
shown as deep-seated sources, and the eastern area is shallow source
area (Fig. 6). The western area has the depth to magnetic sources greater
than 500 m; the intermediate magnetic sources have a depth ranging
between 200 m and 500 m. While shallow sources on the eastern side
have depths less than 200 m. The shallow sources originated from
shallow basement complex rocks, and it has a thickness of about 200 m.
This is pronounced in the eastern, south-eastern and partly south.
However, the thickness of sedimentary rock that covers the underground
basement rock of the basin ranged from 710.2m to 1965.2m and is
pronounced in the north-western part. In the study area, the first layer,

Groundwater for Sustainable Development 9 (2019) 100264

which is Recent Alluvium varied from 824 m to 1952 m with a thickness
of 1128 m (a colour indication of light blue to pure blue). It was
observed that the first layer at Alapoti could be cross-bedded sand of
Benin Formation, which is greenish and could underlay the topsoil. The
thickness ranged between 413 m and 763 m and the minimum thickness
of about 350 m. It is clearer from Fig. 6 that Alapoti area with thick
overburden and substantial intercalation of sand and silt could be viable
for groundwater potential. The extension towards the eastern part of
Alapoti area is Igboloye where Covenant University Ota and its environs
are situated on the southern part of the study area. It can be seen that the
recent alluvium formed in the area is about 61 m thick with the depth
that ranged from 763 m to 824 m. The Benin Formation (depicted in
green colour) and Ilaro, Ewekoro/Oshosun/Akinbo Formation coupled
with Abeokuta Formation and shallow basement complex (which are
depicted red and pink) varied in depths from 386 m to 763 m with a
thickness of about 377 m. The depth of Ilaro Formation (yellowish) at
Igboloye area varied from 246 m to 362m with a thickness of about
116 m. This Igboloye area, however, could be weathered with fissures
that may serve as water-bearing conduits. The basement depth ranged
from 102 m to 231 m with a mean value of 129 m thick.

4. Electrical resistivity of alapoti area

Electrical resistivity imaging was carried out at Alapoti and Igboloye
areas (Figs. 7 and 8) where Covenant University is situated. Alapoti is on
the western edge and situated where the magnetic intensity is low, while
Covenant University is situated on the high magnetic intensity region, as
revealed in Fig. 3. The source parameter imaging reveals that Alapoti
area has a deep-seated source while the Covenant University depicts
shallow magnetic source depths. Figs. 7 and 8 are composed of three
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Fig. 7. 2D Resistivity Profiling section taken at Alapoti area.

images each. The first imaging is the display of the measured apparent
resistivity on the field as plotted by DIPROfwin software. The second
imaging is the analytical data, which compares the standard model with
the field data (image matching technique) (Adagunodo et al., 2015). The
third imaging is the 2-D resistivity map that gives the final model of the
subsurface. The 2-D resistivity map is used to assess the lithologic var-
iations within the subsurface (Aizebeokhai et al., 2016). In the Post
Precambrian settings (that is, consolidated sedimentary rocks) (Aize-
beokhai et al., 2016; Oyeyemi et al., 2018) prolific groundwater could
be explored within sandstones or limestones strata (Oyeyemi et al.,
2018). The result of 2-dimensional resistivity profiling taking from
Alapoti indicates that the aquifer (sandstones) resistivity ranged be-
tween 250.0 and 450.0 Qm at a depth of 80-130 m (Fig. 7), while that of
Igboloye area where Covenant University is situated ranged between
150.0 and 350.0 Qm at the depth to the aquiferous unit (sandstones)
which varied between 40 and 70 m. The depth to aquiferous strata
delineated using 2-D resistivity profiling in Covenant University, Ota
agrees with the results of (Oyeyemi et al., 2018), who reported that
depth to aquiferous units varied between 34.0 and 77.0 m in Iyana-Iyesi,

Ota using vertical electrical sounding. In addition, when the depth to
aquiferous zones obtained from this present study were compared with
the results of Oyeyemi et al. (2018) and Joel et al. (2016) that were
obtained in the proximity of this present study, it was observed that the
delineated aquifer’s depths in this study were in agreement with those
results.

5. Conclusions

The potential groundwater assessments in coastal plain sands area of
Ado-Odo/Ota have been made using the integration of aeromagnetic
and electrical resistivity imaging. The aeromagnetic method reveals that
hydrogeological structures (such as lineament or fracture) are buried in
the subsurface of the study area. Resistivity technique has been applied
in regions where there are interconnectivity and non-interconnectivity
of lineament to delineate occurrence of groundwater concerning the
observed lineament. Furthermore, the study shows there are presences
of lineaments that are interconnected, which host groundwater in the
southern and eastern part of the study area as observed from tilt
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Fig. 8. 2D resistivity profiling section within Covenant University (Igboloye area).

derivative map. The area of high magnetic anomalies has the shallow
depth that ranges between 102.6 and 169.1 m, while the area of low
magnetic anomalies (western part of the study area) has a deeper depth
of about 710.2 to approximately 2000 m. The result of resistivity tech-
nique shows that the depth to aquifer ranges from 40 to 100 m, with
corresponding resistivity values that range between 150.0 and 350.0 Qm
in the eastern part of the study area (Igboloye-Covenant University
area). This part of the study area had high groundwater potential, while
the western part which is void of the interconnectivity of lineaments
(Alapoti area) ranges from 80 to 130 m, with resistivity values that range
between 250.0 and 450.0 Qm. The study, therefore, showed that the
occurrence of groundwater in the eastern part of Ado-Odo/Ota is pri-
marily controlled by lineaments (fractures), while the existence of lin-
eaments in western part suggests depth at which borehole should be
drilled to avoid waste of money and energy in drilling abortive
boreholes.
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