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ABSTRACT

Geophysical investigation using vertical electrisalindings (VES) was carried out to determine
aquifer types in the basement complex areas of jaoKithe interpretation of vertical electrical
sounding (VES) indicates that the aquifer typethimarea are weathered basement aquifer and
weathered/fractured (unconfined) aquifers. The eyad basement aquifer type was revealed
by VES stations 1, 2, 4, 5, 6, 8, and 9 while weadtl/fractured (unconfined) aquifer type was
revealed by VES stations 3 and 7. Five out of ii@)esounding curves show 4-layer geoelectric
model and the characteristic geoelectric signataresAA, HA type curves, while the remaining
four (4) show 3-layer geoelectric model and therabi@ristic geoelectric signature is A-type
curve. The thickness of the first layer (topsoiinpmsed of clay and laterite) varies from 6m to
16m and the resistivity values vary from 20X0 to 664.0@2m. The weathered layer has
thickness that varies from 3.1m to 7.5m and thettdép between 7m and 18.3m while the
resistivity varies from 41 ohm-m to 4Q8n. This weathered layer constitutes the major
aquiferous unit. The weathered/fractured layer, sbeond type of aquifer has thickness of
between 3m and 3.7m and depth of between 17 arinl@hile the resistivity ranges from
277.62m to 317.%2m. The resistivity values for competent/fresh basenvary from 491.13m

to 1947.102m. This fresh basement which is the last layet & @depth of 18-20m.
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INTRODUCTION

Lokoja, the first colonial headquarters of Nigagane of very important town in the modern
day Nigeria. This is partly due to the confluené®wers Niger and Benue (promoting
economic activities such as fishing, river transgioon and tourism) and partly due to its
strategic location as the major link from both-$esbuth, south-east and south-western parts of
Nigeria to the federal capital territory, Abuja aheé northern part of the country. Despite large



pool of water brought in by Rivers Niger and Bertheye has been serious water supply
problem affecting the town. Rapid growth in popigiatof the town and non utilization of the
large volume of surface water due to high costedtment are some of the reasons for the
problem [1]. Both government and private developenge had frustrating experience with some
boreholes drilled in the area. This is due to sagfers having low yield and outright drying of
the wells during dry seasons. The unpleasant expess within the area have necessitated
scientific approach of sitting borehole to obtagtter yield in different part of Nigeria [2].
Hummel method of vertical electrical sounding wapleed by [3] in highly developed or
congested areas in groundwater exploration ingddrsasement complex of Nigeria. Geological,
hydrogeological and surface geophysical (electraratig and electrical resistivity) methods to
determine the hydrogeological characteristics andrgdwater potentials were employed by [2].
In this study, aquifer types and other geoeledtietaracteristics within the basement complex
areas of Lokoja, north-central Nigeria were deteediusing vertical electrical sounding (VES)
investigation.

Physiography

Lokoja, the confluence of River Niger and Benubited between latitude$ 45" and 7 53'N

and longitudes 39" and & 48'N. It is underlain by the basement complex, whiomprises
mainly Quartzo-feldspartic granite, Gneisses anus$s [4]. A network of all-season roads that
connects the main parts of Lokoja makes the areasaible and the rivers can be crossed by
boats and ferries. Lokoja is characterized by twslirttt seasons namely, the rainy and dry
seasons. The rainy season commences in April atd 8l October, while the dry season is
from November to March. Based on meteorologicalbrep[5], the annual average rainfall
ranges between 1000mm and 1500mm, and the meaaldnmuidity is about 70%. The annual
average temperature is %27 with annual average sunshine of 6.7 hours pgr éahigh
temperature of $& - 36'C is experienced in the area during the dry sedsanlasts from
November and February. Vegetation of the area ithefguinea savannah type, with denser
(gallery) forests fringing some of the rivers.
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Fig. 1 Topographic Map of Lokoja (Modified after]]6

Geology of the area

The study area lies within the basement complex¢hvbomprises mainly granite, gneisses and
schists (Fig. 2). The granite is coarsely porplgysiith biotite and hornblende usually forming

the main ferromagnesian mineral content. The gesisse characterized by fairly regular

banding resulting from mineral segregation, in whpredominantly light bands alternate with

predominantly dark bands. Individual bands varyhickness from a few millimeters to several

centimeters. The schists include mica-schists, tgtsmhists, and quartz-muscovite schist, in
which the quartz is usually dominant over the mugeo The quartz-muscovite schists are
comparatively well exposed and form rounded hilisriolges due to resistant intercalated
guartzite bands.

Hockey and Sachi [4] noted from field observatitimst the mineral contents of these rocks are
biotite, quartz and feldspar. The rocks are broawignted in the north-south direction and

marked by a sub-parallel alignment of elongated aludely packed feldspar phenocrysts,
mainly microcline and a corresponding preferre@mtation of biotite mica and iron minerals.
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Fig. 2 Geological map of the study (modifadter [7]) area showing VES points.

MATERIALS AND METHODS

Electrical resistivity survey method was used tdingate aquifer types, lithological
boundaries and geological structure. The princigl¢hs method is that electric current is
passed into the ground through two outer electroaled the resultant potential difference is
measured across two inner electrodes that aregadan a straight line, symmetrically about
the center point. The potential difference to tbheent ratio is displayed by the Terrameter as
resistance. A geometric factor (in meters) is dated as a function of the electrode spacing.
The resistance reading obtained by the Terramstenultiplied by this factor to give an
apparent resistivity value. The electrode spacngrogressively increased, keeping the centre
point of the electrode array fixed. The goal of gleotric depth sounding is to determine a
resistivity-depth profile of the subsurface.

Terrameter SAS 300C was used to carry out a tdtaine (9) vertical electrical soundings
(VES) in the study area. Schlumberger array whglhe most suitable was adopted with
maximum half-current electrode spread (AB/2) of 6@dile the half potential electrode
separation (MN/2) was maintained (Fig. 3) betwedsmOand 7.5m. The vertical electrical



sounding (VES) curves were quantitatively interpdelby using the conventional partial curve

matching techniques and computer iteration teclesgusing the IPI2WIN computer

software based on linear filter theory [8].

Designating the measured electric current bgd the registered voltage differencelbyfig.

3), apparent specific electric resistivity was a#ted using the following formula [8]:
K=@m/A/r, -1r,-1/r,+1/r,) (2)

Where the factorK is the geometric factor. Since this equation #yriapplies only to a

homogeneous, isotropic half-space, for the rearky, inhomogeneous earth, the designation

Pa (apparent resistivity) was used. In this caseh wie electrodes close together, the largest
fraction of current flows in the uppermost layensi @ total value of the shallower subsurface
obtained. With the subsequent larger electrode isgacresistivity of deeper layers
increasingly contributed to the apparent resistivithe contribution of shallower layers
acquired from the first measurements with smalitetele spacing, brought about ascertaining
the resistivity of the deeper layers. Thus, thetele resistivity was determined as a function
of the electrode separation.

As long as the underground is homogeneous, therappaesistivity calculated via the
previous equation represents the specific redigtiof the underground. But with
inhomogeneous, anisotropic subsurface blocks thatsaparated by geologic structural
elements, as in this case study, the measurediivagihas to be seen as an apparent
resistivity that represents the weighted averagieftrue resistivity distribution. In order to
determine the spatial distribution of the true sgeity, measurements with different
configurations need to be accomplished.
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Fig. 3: Schematic DC geoelectric survey set-upBAgurrent electrodes to inject current
into the ground; M,N: Potential electrodes to regishe voltage difference [9].

RESULTS AND DISCUSSION
The results of the data interpretation for all shations are presented in Table 1, 2 and 3, and
Fig. 4-12. Based on the curve matching and connpteéeative technique, the VES station 1



(Fig. 4) is a three layered A-type curyg<p,<ps3). The first layer composes of laterite which has
the thickness of 7m with resistivity of &5n. Depth to weathered basement (aquiferous lager) i
7m, thickness of 6m and resistivity of 11XH#W. Underlying the weathered basement is
competent basement of 194 resistivity.

The sounding curve at VES station 2 (fig. 5) i®arflayered AA-type f1<p2<ps<pas). The first
layer (composed of clay) with a thickness of 6m #ral resistivity of 58m. The second layer
composed of laterite is at a depth of 6m, thickrésgm and with resistivity value of 100 Q.
The third layer consists of weathered basementf@jat a depth of 13m, thickness of 5m and
resistivity of 75@m. Underlying the weathered layer is competent inase with resistivity of
193aam.

Result of VES station 3 is shown in Fig. 6. Thersbag curve is a four layered AA-type
(p1<p2<p3<ps). The first layer with a thickness of 10m and sasity of 79.4@m is entirely
composed of laterite. Second layer is the weathkeasement at a depth of 10m, thickness of 4m
with resistivity value of 99.38m. Weathered/fractured basement at a depth of filokness of
3m and resistivity of 317%3m is the third layer. The fourth layer consistzompetent basement
with resistivity of 521.98m. The combination of weathered basement and westtieactured
basement constitute aquifer at this point.

The sounding curve at VES station 4 (Fig. 7) isa fayered HA-type curvep{(>p,<ps<ps). The
first layer consists of clay which has a thicknet3.5m and resistivity of 6€dm. Second layer
is composed of laterite at a depth of 7.5m, thisknef 8.8m and resistivity of 66.Q#n.
Weathered basement (aquiferous layer) at a depis.8m, thickness of 5.7m and resistivity of
316.622m is the third layer. The fourth layer is competdr@sement with resistivity of
505.530m.

VES station 5 (Fig. 8) shows that the sounding eusva three layered A-typei€p2<ps). The
first layer which is composed of laterite has ackhess of 11.8m with the resistivity of
39.7@2m. The second layer composed of weathered basdawrifer) at a depth of 11.8m with
a thickness of 6.14m and resistivity of 7986. Competent basement with resistivity of
507.582m is the third layer.

The sounding curve at VES station 6 (Fig. 9) isuar layered AA-type{1<p2<ps<ps). The first
layer composes of laterite topsoil with a thickne$sl5m and resistivity of 372.0im. Clay
formation constitutes the second layer at a depttbm, with thickness of 3.3m and resistivity
of 398.49¥m. The third layer composed of weathered basememt depth of 18.3m, has
thickness of 6.7m and resistivity of 46Q@h. The fourth layer is made up of competent
basement with resistivity of 690.80n.

The sounding curve at VES station 7 (Fig. 10) fewr layered AA-type curvep(<p,<psz<pa).
The first layer with thickness of 8m and resisyvitf 20.0@2m is entirely laterite. The second
layer is weathered basement at a depth of 8m,thitkness of 7.5m and resistivity of 415,
The third Layer is made up of Weathered/fracturedement at a depth of 15.5m with a
thickness of 3.7m and resistivity of 27%@. The fourth layer is competent basement with
resistivity of 491.8m. Weathered basement and weathered/fractured bas@wonstitute the
aquifer at this point.

The sounding curve at VES station 8 (Fig. 11) ihrae layered A-typep(<p,<psz). The first
layer consists of lateritic topsoil with thickness14m and resistivity of 75.@m. The second
layer composed of weathered basement (aquifer)dapth of 14m, has thickness of 3.1m with
resistivity of 166.28m. Competent basement made up the third layer thighresistivity of
260.40m.



The sounding curve at VES station 9 (Fig. 12) thrae layered A-typep{<p.<ps). The first
layer with thickness of 16m and resistivity of 48Xn consists of laterite. The second layer
composed of weathered basement (aquifer) is atpgthd#f 16m, has thickness of 4.7m and
resistivity of 55.88m. The third layer is competent basement with tiegtig of 508.31Qm.

Table 1: Summary of the weathered basement acanfitits characteristics

Station Type of geo-| Layers Depth range Thickness Resistivity Inferred lithology
number electric (m) range (m) range m)
model
VES station| 3-layer (A-| First layer 0-16 7-16 39.70-75.00 Topsoil
1,5,8and 9 type curves) (clay/laterite)
Second layer 7-16 3.1-6.14 55.83-166.88 eathered
basement
(aquifer)
Third layer 15-21 - 260.40-1947.17 on@etent
basement
VES station| 4-layer (AA, | First layer 0-15 6-15 58.88-664.00 Tabso
2,4 and 6 HA type (clay/laterite)
curves) Second layer 6-15 3.3-8.8 66.84-398.49 laylaterite
Third layer 13-18.3 5-6.7 316.62-750.20 eathered
basement
(aquifer)
Fourth layer - 20-26 505.53-1980,8 Competent
basement

Table 2: Summary of the weathered/fractured basteawnfer and its characteristics

Station | Type of geo-| Layers Depth range (m Thickness rarjgBesistivity range| Inferred lithology
number| electric model (m) (Qm)
VES 4-layer (AA type| First layer 0-10 8-10 20.00-79.40 lger
station | curves) Second layer 8-10 4-7.5 41.50-99.35 Wead basemen
3and7 (aquifer)
Third layer 14-15.5 3-3.7 277.60-317.50 | Weathered/fractured
basement (aquifer)
Fourth layer 18-20 - 491.89-521-93 | ompetent hasement]

Table 3: Overall summary of the aquifer types dradrtcharacteristics

Station Type of geo-| Layers Depth range Thickness Resistivity Inferred lithology
number electric model (m) range (m) range 2m)
All stations 3-4 layer (A, First layer 0-16 6-16 20.00-664.00 Clatghite
AA, HA type | Second layer 7-18.3 3.1-75 41.00-469.00 Weathered
curves) basement(aquifer)
Third layer 17-19.2 3-3.7 277.20-317.50 Weathered/fractured
basement (aquifer)
Fourth layer 18-20 - 491.89-1947.14Competent basement
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Interpreting from Tables 3, we see that resistivityies with depth but not linearly. The top
layers (predominantly laterites) are essentially l@i resistivity, implying they are very
conductive layers (since resistivity inversely tetawith conductivity). The middle layers
(second and third) which are porous and permeabke @sult of structural deformation are of
high resistivity magnitudes (41.35-469.00 and 20@8327.5@m respectively). They are
indicated as the aquifers (weathered and fractwesthered), implying that the water, which is
characterized by high resistivity is domicile iresle layers. It also implies that there is more
volume in the third (weathered/fractured) layer nthdne second (weathered) layer. This
discrepancy could be due to the post-fracturetiafibn and cementation of the structures.

CONCLUSION

Aquifer types delineated in the study area fromititerpretation of vertical electrical soundings
(VES) are weathered basement aquifer and weathfiereidted (unconfined) aquifers. Five out
of the nine sounding curves show 4-layer AA, HAeyqurves while the remaining four show 3-
layer A type curves. The weathered layer thicknesges from 3.1m to 7.5m, the depth ranges
from 7m to 18.3m and the resistivity range betwé#m and 469.2m while the thickness of
weathered/fractured layer ranges between 3m amd, 3h& depth ranges from 17m to 19.2m and
the resistivity varies from 277.20n to 31om.
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