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ABSTRACT

A combined geological and geophysical evaluation was made of the groundwater potential of the Ajana, Remo North area
in south-western Nigeria; the geology and other structural features of the rocks there strongly influenced and correlated
the aquifers’ storability and transmissivity. Geological mapping revealed that the area was made up of granite, quartzite and
varieties of gneiss, some of which have good secondary porosity and permeability. Ten vertical electric soundings (VES)
stations were established using a Schlumberger electrode array. Five geoelectric layers consisting of topsoil, sand,
clayey-sandy, fractured / weathered basement and fresh bedrock were delineated. The aquifer layers were the 38.3m thick
283 ?m resistivity sand/sandy clay and 55 – 518 ?m resistivity fractured/weathered basement. Other geoelectric
parameters used in evaluating the area’s hydrogeological potential included curve type, anisotropy coefficient and
reflection coefficient – The QH curve type was predominant in the area. The anisotropy Coefficients suggested VES
stations having high groundwater potential ranging from 1.4 – 1.56; while the reflection coefficients for the area ranged
from 0.21 – 0.99. The overall results showed that VES stations 8, 9 and 10 could be possible groundwater sources having
high expected yield.

RESUMEN

Se realizó una evaluación geológica - geofísica del potencial hidrogeológico en Ajana, Remo North en la zona suroeste de
Nigeria; la geología y las fracturas en las rocas están estrechamente relacionadas con la capacidad de almacenamiento y
transmisividad de los acuíferos. El mapeo geológico revela que el área está conformada por granitos, cuarcitas y variedades
de gneis, algunos con buena porosidad secundaria y permeabilidad. Se realizaron diez Sondeos Eléctricos Verticales (SEV)
en configuración Schlumberger, donde se establecieron cinco capas: Suelo, arena, arcilla arenosa, basamento fracturado -
meteorizado y roca fresca. Las capas acuíferas tiene espesores de 38.2m con resistividades de 283 Ùm para arena y arcilla
arenosa, y resistividades entre 55 – 518 Ùm para el basamento meteorizado. Otros parámetros geoeléctricos utilizados en
la evaluación del potencial hidrogeológico de la zona incluyen el tipo de curva, el coeficiente de anisotropía y el coeficiente
de reflexión – Las curvas tipo QH fueron predominantes en la zona. Los coeficientes de anisotropía sugirieren que los SEV
tienen gran potencial hidrogeológico con un rango de 1.40 a 1.56; mientras que los coeficientes de reflexión para la zona
variaron entre 0,21 y 0,99. Los resultados generales mostraron que en los puntos de los SEV 8, 9 y 10 podrían ser posibles
fuentes de agua subterránea con alto rendimiento.

Introduction

Groundwater is a vital natural resource for providing a community’s water
supply and plays a fundamental role in human well-being, as well as that of many
aquatic ecosystems. It is a preferred water source in many instances because
water quality is generally good as it has been filtered by the soil, it is readily

available and is often the only source of freshwater available due to its better
spatial extension and distribution. There is constantly increasing demand for
this resource which has resulted in the tremendous development of
groundwater resources during recent years. Unfortunately, it is not readily
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available like surface water and its exploitation involves costs and demands a
form of technical-know-how.

The early 1900’s brought about the development of the electrical
resistivity method in deciphering groundwater potential. Since then, improved
technologies have led to a more refined approach to the exploration and
exploitation of groundwater resources. Applying the resistivity method with
the availability of computers for processing and analysing data has greatly
helped the matter (Reynoids, 1997). Many researchers such as Ako et al,
(1986), Agwunobi and Onuoha (1998), Olorunfemi and Olorunniwo, (1985),
and Ariyo, (2003) have successfully located prolific boreholes using this
method.

Physiographic setting

The study area lies between latitudes 7o 03’N and 7o 05’N and longitudes
3o43’E and 3o 46’E, covering an area of around 20km². It falls within Nigeria’s
tropical rain forest belt. The relief is low with elevation above sea level ranging
between 16.1 – 117m. The major river draining the area is the River Ona which
flows souther, having tributaries forming a dendritic drainage pattern. Figure 1

The area’s geology

The Ajana area falls within south-western Nigeria’s Precambrian
Basement Complex rocks. The Basement Complex accounts for about 80% of
south-western Nigeria’s total surface. South-western Nigeria’s basement
complex rocks have been classified into migmatite–gneiss complexes,
meta-sedimentary and meta- volcanic rocks (the schist belts), the Pan-African
granitoids (the older granites) and undeformed acid and basic dykes (Rahama,
2006). The study area’s geology consisted migmatised biotite – hornblende
gneiss, biotite – hornblende gneiss, quartzite and granite.

Data acquisition

Geological mapping

Rock samples were taken from rock outcrops throughout the area.
Samples fell into four different rock types: migmatised biotite-hornblende
gneiss occupying the study area’s north-eastern part, biotite-hornblende gneiss
(a flat-lying outcrop found in one location), quartzite and granite occupying the
largest part of the study area. Petrographic studies of the rocks revealed a
plethora of minerals including biotite, hornblende, quartz, muscovite,
microcline and plagioclase feldspar and some accessory minerals, Figure 2.

The Geoelectric Survey

Ten Vertical Electrical Soundings (VES) were made in the area using
Schlumberger electrode array (Figure 3). Earth resistance measurements
were made with a Syscal Junior Terrameter (a high-powered,
fully-automatic resistivity meter for DC electrical surveys); it has been used
over the years for groundwater exploration, environmental studies, civil
engineering and structural geology investigation. It has the advantage of
directly measuring ground material’s apparent resistivity as against earlier
instruments which measured earth resistance to obtain the ground’s
resistivity.

Apparent ground resistivity was obtained; ground resistivity was
calculated by multiplying by appropriate geoelectric constants. The results
were plotted on a log-log graph scale, a sample of which is shown in Figure 4.

Partial curve matching techniques using two-layer model curves and
corresponding auxiliary curves were used to arrive at curve types.
WINREST software was used in this survey to determine appropriate
resistivity values. The field curves were compared with the
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Figure 1: Ajana location map with Nigeria map inset
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computer-generated curves and a good fit was obtained as shown in Figure
4. Table 1 shows the computer modelling results for the sounding stations
and the corresponding depths.

The table shows that three to five geoelectric layers were delineated as
follows:

The first layer was topsoil consisting of 0.9m - 1.9m thickness 180 – 5,060

"m resistivity sand/sandy clay and laterite;

The second layer consisted of 0.9m thick clay layer having 45 "m

resistivity and 0.9 – 31.2m thick and 131 – 803"m resistivity sand/sandy clay
layer.

The third layer was a 5.3 – 32.2 m thick 14 - 47"m resistivity clay layer

and sandy layer having 755"m resistivity and 0.9 m thickness, weathered layer

having 55 "m resistivity and 16.5m thickness and 122 – 518 "m resistivity

fractured rock, and a 924"m fresh basement.

Geological and geophysical evaluation of the Ajana area’s groundwater potential, southwestern Nigeria 37

Figure 2: Ajana geological map

Figure 3: Ajana data acquisition map
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The fourth layer was composed of 38.3m thick 283 "m resistivity sand

and fresh rock having 909 – 1, 5316"m with 9 – 32.2m depth to basement.

The fifth layer is made up of 627"m resistivity fractured rock and fresh

basement having 3870"m resistivity and 45.3m depth to basement.

The fractured/weathered basement constituted the major aquifer in the
area based on their thick overburden and relatively low resistivity values. Thus,

VES points 3, 4, 6 and 8 - 10 having 55 – 518 "m resistivity and 7.4 – 45.3m
overburden thicknesses respectively could be a good area for groundwater
exploration.
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Table 1: Summary of VES results

VES

point
� 1

(�m)

� 2

(�m)

� 3

(�m)

� 4

(�m)

� 5

(�m)

h1
(m)

h2
(m)

h3
(m)

h4
(m)

Depth to
bedrock

(m)

1. 510 131 14 909 - 1.3 9.4 32.2 - 32.2

2. 398 134 15 1,064 - 0.9 7.6 15.5 - 24.0

3. 355 45 518 - - 0.9 6.5 - - 7.4

4.
5,06

0
1,861 755 2809 627 1.9 .9 0.9 10.8 15.4

5. 849 253 47 15,316 - 1.0 2.7 5.3 - 9.0

6. 208 650 55 1,889 - 1.3 2.0 16.8 - 20.2

7. 229 597 924 - - 1.1 14.6 - - 15.7

8. 181 803 154 - - 1.7 31.2 - - 32.9

9. 180 1,907 122 - - 1.6 6.1 - - 7.7

10. 495 546 1,729 283 3,870 1.1 1.5 4.3 38.3 45.3

� = Layer resistivity (ohm- m) h = Layer thickness (m)

Figure 4: A typical VES curve obtained in the study area.
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VES 3, 6, 8, 9 and 10 had good aquifer quality (layer resistivity and
thickness), being favourable for groundwater exploitation based on the
geoelectric layers so delineated. VES station 3 consisted of fractured rock but
the expected water depth in the borehole was too small to recommend it for
borehole drilling (meaning that it was left off the list).

Curve Types

Curve matching depicted four layer curves (QH, KH) at four VES
stations, three layer curves (H, A, and K types) at four VES stations and five
layer curves (QHK, AKH) at two VES stations (Table 2).

Table 2 shows that the QH curve type predominated in the study area.
Ariyo (2003) proposed that the QH curve type is generally characterised by
high groundwater provided that the aquifer unit is appreciably thick. However,
VES points 1, 2 and 5 having QH curve types were clayey aquifers (aquitard)
which would have poor groundwater yield.

Geoelectric parameters

The geoelectric layers derived from electrical sounding were described by
two basic parameters – layers resistivity and thickness. Other geoelectric
parameters were derived from the fundamental parameters mentioned above

(Zohdy et al., 1974), such as anisotropy coefficient (�) and reflection
coefficient. They were mathematically derived as:

Anisotropy coefficient

The overburden anisotropy coefficient was given as

�
�

�
�

C

L
(Keller and Frischknecht, 1966)
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Table 2: Various curve types from the Ajana area

Curve type QH H QHK KH A K AKH

Frequency 3 1 1 1 1 2 1

Percentage 30% 10% 10% 10% 10% 20% 10%

Table 3: Summary of Geoelectric Parameters

VES
No

Overburden
thickness

(m)

Longitudinal

resistivity, ��� C

(�m)

Transverse

resistivity � L

(�m)

Anisotropy
coefficient

Reflection
coefficient

Curve
type

1. 32.1 19.18 63.59 1.82 0.97 QH

2. 24.0 21.56 66.80 1.76 0.97 QH

3. 74.4 50.37 82.68 1.28 0.84 H

4. 15.5 2, 421.88 2, 849.32 1.08 0.63 QHK

5. 9.0 71.94 197.7 1.66 0.99 QH

6. 20.1 63.63 123.94 1.40 0.94 KH

7. 15.7 536.32 571.09 1.03 0.21 A

8. 32.9 681.64 770.48 1.06 0.68 K

9. 7.7 636.15 154.84 1.56 0.88 K

10. 45.2 319.4 436.72 1.17 0.86 AKH

Figure 5: Curve type pie chart
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where ñ C = transverse resistivity in"m.

�
�

�
��

�

�
��#

�

�

C

L
and

ñ L = longitudinal resistivity in"m

�
�

�
��

�

�
��# hi

hi i/�

where hi = layer thickness in m
ñ i = layer resistivity in m

Anisotropy coefficients were calculated from the layer resistivity and
thickness obtained from qualitative interpretation raging from 1.03 – 1.82.
Whereas, a range of 1.39 – 1.66 anisotropy coefficient has been judged
necessary for boreholes to be considered productive in some parts of
south-western Nigeria’s basement complex (Olorunfemi and Olorunniwo,
1985). Groundwater yield increases with anisotropy coefficient (Olorunfemi
et. al., 1991), although VES 5, 6 and 9 had good anisotropy coefficients of 1.4 –
1.66, only VES 6 had appreciable aquifer thickness (16.8m).

Reflection coefficient

The bedrock interface reflection coefficient is an important
parameter which shows that a bedrock fracture is filled with water. There
must be a direct correlation with the anisotropy coefficient value for this
parameter to be considered. However, the present study showed that
intermediate reflection coefficient values correlated with sand aquifer were
expected to be prolific if developed into a borehole. It was also noticed that
reflection and anisotropy coefficients for VES points 8, 9 and 10 had a linear
relationship, thus, the parameter could be considered (together with other
parameters) as being good factor in selecting a site for developing borehole.
This was given as:

K n
n n

n n




�

�


�1
1

1

� �

� �

where ñn = bedrock resistivity
ñn-1 = sub-basement resistivity

Conclusion

This paper has reported a geological and geophysical evaluation of Ajana’s
groundwater. The area’s geology delineated from geological mapping showed
that it consisted of granite, quartzite and varieties of gneiss. Rock type has a
direct influence on an area groundwater, as easily fractured rock like quartzite,
would enhance secondary porosity and permeability while hard and resistant
rock like basalt would adversely affect aquifer parameters. VES data was also
acquired and interpreted using WINREST software to determine the primary
geoelectric parameters from which further geoelectric parameters were
derived. Based on layer thickness and resistivity values, VES 6, 8, 9 and 10 located
on a weathered (VES 6) and sandy layer (VES 8 to 10) have been recommended.
However, only VES 8 to 10 had low to medium reflection coefficients having a
linear relationship with their overburden anisotropy coefficients. VES stations 8
to 10 had good aquifer thicknesses meaning that if developed into water
boreholes, the water column would be thick enough to sustain the local
people’s water need (i.e. VES stations 8, 9 or 10 could be drilled and developed
into producing water boreholes).
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