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Hydrogeophysical studies have been undertaken at Irepodun/ifelodun local government area of EKiti
State, Nigeria. The area is underlain by the Basement Complex rocks. The study involved very low
frequency electromagnetic (VLF-EM) and electrical resistivity methods. The results are presented as
profiles, sections, curves, charts and maps. VLF-EM anomalies were evaluated using geoelectric
soundings. Geoelectric sounding results enabled the determination of overburden thickness,
transverse unit resistance, longitudinal unit conductance and coefficient of anisotropy (A). Overburden
thickness zones of 45 to 55 m were classified as high, 15 to 45 m as moderate and values less than 15
m as low. Afao, Obo, lyin, Araromi, lketun and Igede are of moderate to high groundwater potential,
while other towns are of low groundwater potential. Longitudinal unit conductance showed that the
area is characterized by sequence of good, moderate and weak groundwater protective capacities.
Computed A values revealed that the northern flank (Esure and Iropora) are underlain by charnockite of
low A (1.0 - 1.1) with other areas of high A (1.1 - 2.1) underlain by granite and migmatite gneiss.
Groundwater development is feasible in Araromi, Afao, lyin, Obo, Iketun and Igede but marginally
feasible in the other towns. Thus, groundwater potential of Irepodun/Ifelodun local government area is
generally low.

Key words: Electromagnetic, geoelectric sounding, longitudinal unit conductance, coefficient of anisotropy,
groundwater potential.

INTRODUCTION

The use of very low frequency electromagnetic (VLF-EM)
and vertical electrical sounding (VES) for groundwater
exploration is popular in the basement complex rocks
terrains (Palacky et al., 1981; Smith, 1990). The electrical
resistivity method has also been used extensively in
groundwater investigation in the basement complex
terrains (Barongo and Palacky, 1991; Olayinka and
Olorunfemi, 1992; Ayolabi et al., 2004; Oladapo and
Akintorinwa, 2007; Abiola et al., 2009; Oladapo et al.,

2009).

Irepodun/Ifelodun local government area which
constitutes the study area is situated in Ekiti State and
consists of villages and few towns. The inhabitants’ major
occupation is farming. For example, rice is produced in
Ighemo-Ekiti and the primary need of sustaining the
continued production of rice in the town is good quality
water. Portable water to Igede, Iropora, Eyio, Esure,

Afao, Awo, llokun, Igbemo and Iworoko is from Ero
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Figure 1. Location map of the study area.

Dam. The networks of pipes are not laid to serve many
other communities in the study area (lyin, Araromi-lyin,
Iso and Araromi Obo) due to the exorbitant cost of laying
pipes to them.

Agricultural, industrial and domestic water needs of the
areas not served by the pipe borne water can be best
met with the development and adequate supplies of
groundwater. Adoption of geophysical techniques which
will assist in identifying the location of productive
borehole sites and thus bringing to barest minimum the
drilling of unproductive wells will be of great value.

Any elaborate groundwater development scheme in a
typical basement setting requires a qualitative knowledge
of hydrogeophysical parameters of the hydrogeologic
units, that is, the superficial materials overlying the
crystalline bedrock structures/relief (Omosuyi et al.,,
2003). In this study, VLF-EM and electrical resistivity
methods have been utilized for a detailed
hydrogeophysical investigation of the study area with the
intention to determine geoelectric parameters (layer
resistivity and thickness values) of the overburden
materials overlying the bedrock and to derive second
order geoelectric parameters.

Physiography, geology and hydrogeology

Irepodun/Ifelodun local government area lies within
latitudes 7° 40' N and 7° 43' N and longitudes 5° 07' E
and 5° 15' E (Figure 1). Precambrian Basement Complex
rocks underlie the study area (Figure 2). The major

lithological units include the granites, migmatite gneiss
and charnockite. The study area and location of the
sounding stations are presented in Figure 3. A network of
roads and footpaths make access to most parts of the
area possible. The topography of the study area is gently
undulating with the highest elevation of 649 m on the
western flank of the area (Awo) and lowest elevation of
340 m on the eastern flank (Iketun).

MATERIALS AND METHODS

The VLF-EM method adopted for the field reconnaissance in this
study utilizes plane wave field from military communication
transmitters in the frequency range of 15 to 30 KHz. Radiations
from these transmitters contain both electric and magnetic
components, and travel in three modes; sky wave, space wave and
ground wave. Of the electric and magnetic components, magnetic
component is the one of interest, because beneath the ground
surface, it carries bulk of the signal energy.

The direction and strength of the field generated by the
transmitted radio signals are affected locally by electrically
conductive structures on the surface or underground even when
they are covered by thick overburden materials. A weak secondary
field which is measured and analyzed normally builds up around the
geological structure.

The equipment utilized for this study (ABEM-WADI) measures
the field strength and phase displacement around the electrically
conductive structures (presumably a fracture zone in a rock). A
total of seventeen traverses were occupied with the VLF-EM
profiling. The VLF-EM profiling measured the ratio of primary and
secondary EM fields. The raw real component data of VLF-EM
profiles were iterated using Karous-Hjelt filtering and computed Q-
factor values.

Eight-nine VES locations were occupied, utilizing the
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Figure 2. Generalized geological map of Ekiti State showing the study area.
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Figure 3. Map showing the VES locations in the area.
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Figure 4. Typical VLF-EM profile and 2-D section obtained from the study area.

Schlumberger electrode configuration (Figure 3). Current electrode
spacing (AB/2) was varied from 2 to 150 m. The VES data were
utilized for generating field curves that were interpreted using partial
curve matching. RESIST version 1.0 (Vander, 1988) was utilized for
the computer iteration. First order geoelectric parameters derived
from the iteration were utilized in deriving second order geoelectric
parameters or Dar-Zarrouk parameters (Maillet, 1947). The second
order parameters of interest in the study are, longitudinal unit
conductance (S;), transverse unit resistance (T;) and coefficient of
anisotropy (). The second order parameters are derived thus
(Zohdy et al., 1974):

For n layer, the total longitudinal unit conductance

s-yn

i=1 P

The total transverse unit resistance:

T= ihipi
i-1

And the coefficient of anisotropy is:

Lo A 4TS
P H

RESULTS AND DISCUSSION

VLF-EM profiling results are presented as profiles and 2-
D sections. Positive peak filtered amplitude values were
interpreted as conductive zones, which is presumably
occasioned by the presence of concealed geologic
features like fractures, faults or weathered basement
(Alvin et al., 1997). Thus, thirty-two (32) VES results were
found to correlate with the features delineated using
positive peak values on the VLF-EM profiles (Figure 4)
The VES results are presented as sounding curves,
chart, tables and maps. The sounding curve types
obtained in the study area are H, A, K, KH, HA, HK, HKH
and HKHK (Figure 5).

Isopach map of the overburden

The thickness of all the materials above the fresh
bedrock at each of the VES locations and second order
parameters obtained from the curve interpretation are
utilized in generating the overburden thickness map
(Figure 6). The overburden thickness map shows areas
with relatively thick overburden (45 m and above),
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Figure 5. Typical sounding curves obtained from Irepodun/Ifelodun area.

moderate overburden (between 15 and 45 m) and
relatively thin overburden cover (less than 15 m). Studies
in similar basement terrain (Bala and lke, 2001; Omosuyi
et al., 2003) have identified areas with thick overburden
cover as high groundwater potential zones which include
the following communities (Afao, Araromi Obo, lyin,
Iketun, Araromi-lyin and Igede).

Transverse resistance map

The total transverse unit resistance (T) is one of the Dar-
zarrouk parameters and is defined as a measure of the
summation of product of both the thickness and the
resistivity of the geoelectric layers at each of the VES
points (Maillet, 1947). Transverse resistance map
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Figure 6. Overburden thickness map.

(Figure 7) shows area with relative high values (2000 Q-
m and above) and low values (less than 2000 Q-m).

Longitudinal conductance map

The total longitudinal unit conductance values can be
utilized in evaluating overburden protective capacity in an
area (Oladapo et al., 2004).

The longitudinal unit conductance map (Figure 8) reflects
the variation in conductivity within the study area and
therefore presents the protective capacity distribution
within the study area. The map shows that the
overburden materials in Esure, Araromi-lyin, Iworoko,
Afao, Iketun, Eyio, Araromi- Obo, Iso and Igbemo have
moderate to good protective capacity (0.2 to 1.0 mhos).
Iropora, lyin, Igede, Awo and llokun with moderate
overburden cover have weak protective capacity (0.01 to
0.2 mhos).

Coefficient of anisotropy

The coefficient of anisotropy (A) is a measure of the
degree of inhomogeneity of a medium. It has been used
to delineate lithological contacts in typical basement
terrain (Olorunfemi and Okhue, 1992). Granite, migmatite
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gneiss and charnockite are the three major rock types
identified within the study area. The migmatite gneiss and
the granite are observed to be characterized by high
values ranging from 1.1 to 2.1 (Figure 9), thus,
suggesting that the weathering end products of the
charnockite are less anisotropic than those of migmatite
gneiss and granite as has been earlier observed by
Oladapo et al. (2004). In this study, Esure and Iropora
with low value of anisotropy (1.0 to 1.1) are underlain by
charnockite.

Conclusion

Hydrogeophysical investigations of Irepodun/Ifelodun
local government area of Ekiti State for the evaluation of
groundwater potential as reported in this work has
identified zones of high, moderate and low groundwater
potentials. Afao, Araromi-Obo, lyin, Araromi-lyin, Iketun
and Igede towns fall on moderate to high groundwater
potential zones, while the remaining towns are situated
within zones of low groundwater potential. Computed
longitudinal unit conductance values showed that the
area is characterized by subsurface sequence of good,
moderate and weak groundwater protective capacities.
Modified geologic map of the study area using A values
revealed that the northern flanks of the area (Esure and
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Figure 9. Modified geologic map of Irepodun/Ifelodun local government area using coefficient of anisotropy.

Iropora) are underlain by charnockite of low A values (1.0
to 1.1), while the remaining parts with high A (1.1 to 2.1)
are underlain by granite and migmatite gneiss. Ground-
water development is fairly feasible in Araromi-lyin, Afao,
lyin, Araromi-Obo, lketun and Igede but marginally
feasible in the other towns of the local government area.
Thus, groundwater potential of Irepodun/Ifelodun local
government area is generally low.
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