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Abstract: Interpretation of resistivity data for groundwater development using Vertical Electrical Sounding (VES) in Mubi and
Environs, Adamawa State, North Eastern Nigeria in order to delineate potentials of groundwater as well as to determine
thickness of various resistivity layers. The interpretations of the data were carried out using 1P12 WIN computer software. From
the interpreted results, five (5) different resistivity layers were delineated and their mean values computed with: p; = 16 Qm, p, =
443 Qm, p3 = 1,950 2m, p, = 12,156 @m and ps = 5,891 @m , h, =0.88 m, h, = 0.81 m, hz= 2,53m, h, =0.80 m and hs = 27.89 m
respectively. The depth range for the ten VES Points was found to be 11.90-57.80 m. Five (5) out of the ten VES points from the
study area, namely: Digil, Arahan Kunu, Shagari Lowcost, Mayanka and Festac- Yelawa proved have potentials for
groundwater development and are recommended as possible locations for siting boreholes while the other five location were not
found suitable for borehole drilliing. In view of this, Mubi town and Environs have potentials for ground water exploration
despite a serious complaint from the dwellers of lacking potable drinking water.
Keywords: Vertical Electrical Sounding (VES), Groundwater, 1P12 WIN Software, Resistivity, Interpretation and Geo electric
Layers.

. INTRODUCTION
Of all the resources that the earth possesses, water is the most indispensable. The largest available source of fresh water lies
underground. Increase demand for water has stimulated development of underground water resources (Kasidi and Lazarus, 2017).
Availability of groundwater in a basement complex area depends on the thickness of aquiferous overburden and presence of water
bearing fracture (Eduvie et al., 1999). Domestic water supply in Mubi comes largely from ground water, much of this is taken from
hand dug wells and boreholes (Yassah, 2018). Ground water is one of the most important natural resources and availability of it is a
problem to mankind. Because of the ever-increasing population in Mubi, the requirements for water supply for various purposes
have increased the demand for ground water as a supplement to supplies from surface sources and in some cases as main source of
water itself. Sometimes, hand dug wells and boreholes are dug or drilled with or without previous knowledge of the subsurface
information. As a result, many failed boreholes exist but research has minimized the incidence of failed boreholes thereby reducing
the risk as well as the cost of drilling. The use of geo electrical resistivity method can give the approximate depth to aquifer, thereby
making the cost of drilling contract known. Location of aquifers by resistivity techniques of the subsurface geologic materials is
used to provide data which are interpreted in terms of aquifer depth, thickness and continuity of the aquifer.
Electrical Resistivity Method has a number of advantages over other geophysical methods as reported by previous researchers
(Ezomo and Akujieze, 2011). The ability of the method to give detailed information in subsurface geology usually not obtained by
other methods in prospecting for ground water was presented in Ezomo and Ifedili (2005, 2007). Surface geophysical survey as
instrument in ground water exploration has the basic advantage of saving cost in borehole construction by locating aquifer before
embarking upon drilling (Ezomo and Ifedili, 2008). The success of geo-electrical resistivity methods for ground water studies have
been found recently to depend on the intelligent application of the methods used and good interpretation of data, which requires a
careful correlation of all the geophysical data collected to known geology of the area, (Beck, 1981), Beeson and Jones (1988),
Olayinka and Barker (1990), Hazel (1961), Hazel etal. (1988, 1992) ,all have demonstrated the use of electrical technique for citing
bore hole and wells in crystalline basement aquifer throughout the sub Saharan Africa (Badmus etal., 2008).
The present study utilized electrical resistivity method involving Schlumberger array techniques to locate the weathered and/or
fractured zones for ground water exploration. The work is aimed at carrying out electrical resistivity survey to investigate and
evaluate ground water potential, in some part of Mubi, Adamawa state, with a view to delineate potential for ground water and to
evaluate subsurface resistivity layers. The need to conduct a surface geophysical survey such as VES to identify the localized
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acquiferous zones before sitting boreholes is emphasized by many authors such as ( Ndatuwong and Yadav 2013, Nur and Goji
2005, Olayinka and Olorufemi 1992). Electrical resistivity method has been used extensively in delineating the various subsurface
lithological units and also in investigating groundwater potential zones especially in the basement complex terrain (Mbanu et al,
1991, Nur and Ayuni, 2004, Nur et al 2006).

1. LOCATION, GEOLOGY AND HYDROGEOLOGY OF THE STUDY AREA
The study area is located within Mubi area and falls within the Basement Complex of North eastern part of Nigeria between
Latitudes 10°12° Nand 10°21% N and longitudes 13°10% E and 13°21* E (Fig 1). It is about 200 km north east of Yola, and patches
of fertile soils in some areas support many crops such as rice, millet, guinea corn, maize, potatoes and cowpea. The area is largely
drained by River Yardzaram and its tributaries .The people of Mubi are predominantly farmers and therefore Ground water is an
important source of water supply, and plays an important role in industry, agriculture and for domestic use.
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Fig. 1 Topographic Map of the Study Area showing VES points (FSN, 1970
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A. Uba -Sheet 156 Superimposed): FSN = Federal Survey, Nigeria.

The geology of the study area consist of pre-cambrian basement complex mainly migmatites and gneiss complex, older granite and
volcanic rocks (Fig.2). The rocks in Mubi are of pre pan Africa orogeny (gneisses and migmatites) or older granites and occupy
mainly the lowlands as small outcrops. They are banded, foliated with felsic and ferromagnesian minerals forming the light and dark
bands respectively.
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Figure 2.1 Geological Map of the Study Area (FSN, 1970 Uba Sheet 156 Map) Showing VES points superimposed.

This mineral differentiation imparts the foliation to the rocks. The older granites which are younger are intrusive to the gneissic and
magmatic rocks (Adebayo, 2010). The oldest rocks of the area, the gneisses which are believed to be of birrimian age (Oyawoye,
1970) are overlain by recent alluvium resulting from the weathering and erosion of hills and decomposed rock material. They cover
a large part of the crystalline basement rocks. These types of rocks usually form no good aquifers for groundwater storage.

The study area lies within the North-Easter basement complex, in this area, there are two main types of aquifer in the basement
complex area. They include: The porous, broken, decomposed rocks (i.e. weathered basement or over burden) and the fractured
zones of fresh rocks. The weathered basement consists of mainly of in-situ decomposed rocks. At shallow depth, the decomposed
rocks are characteristically clayey, concretionary brown to reddish brown ferruginous and lateritic (Shemang and Umaru, 1994).
The decomposed rocks which overlie the crystalline rocks is largely covered by thin blanket of alluvium consisting mainly of lenses
of silts, clays, sands, gravel and local intermixes of these materials and boulders. These materials were derived mainly from
weathering of adjacent hills and reworked alluvium (Umaru and Schoeneick 1992). Most of the fractured zones are buried beneath
the overburden materials through which it received its own recharge and it requires more details methods of geological investigation
to delineate them. Fracture in basement terrain tend to store and transmit water fairly well near the surface but become tighter with
depth below 100m even though there is effectively no storage due to crystalline rocks. The greater the total thickness of the
weathered and fractured layers forming the aquifer the greater its water bearing capacity (Kasidi and Lazarus, 2017).

1. MATERIALS AND METHOD

In this research work, the method employed for the study is electrical resistivity survey involving vertical electrical soundings
(VES). This method is a geophysical exploration method for investigating groundwater, the subsurface distribution of electrical
resistivity by introducing low frequency or direct electrical current into the ground via spike electrodes and measuring the resulting
voltage difference with a second electrode pair. The two principal techniques are the constant separation traversing and vertical
electrical sounding. Vertical electrical sounding (VES) is a resistivity method in which the current electrodes are expanded
symmetrically so that the current penetrates progressively deeper into the subsurface. By performing a vertical electrical sounding
(VES), linear electrodes array is laid out in the field injecting a direct current into the ground, while at the center the voltage
response is measured simultaneously between two electrodes (Fig. 3).
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Fig.3: Schlumberger array configuration

Increasing depths are realized by enlargement of the current electrodes from very small distance at the beginning to longer distances
at the end of the array. Resistivity prospecting method is one of the electrical methods, well developed and versatile in its
application for groundwater investigation. The method utilizes electrical properties of rocks. In most rocks, their electrical
properties in the upper part of the earth crust are dependent primarily upon the amount of water in the rocks, the salinity of the water
and its distribution in the rocks. This means that saturated rocks have lower resistivity than the unsaturated and dry rocks (Kasidi
and Lazarus, 2017). Ten Vertical Electrical Soundings (VES) using the Schulumberger array were carried out to obtain data by a
terrameter SAS 300B in order to determine resistivity of different layers in the study area. This is due to its numerous applications in
geology, hydrogeology and related engineering problems. As AB gets larger, the potential set up between the electrodes exceeds
the measuring capacities of the instrument; this is due to the fact that the field at the Centre of the configuration varies inversely as
the square of the length of the configuration AB. When this situation occurs, a new value typically about three times larger than the
preceding value is established for MN.

Duplicating the last two values with new MN value then continued the procedure for measurement of the potential difference. The
fact that the potential electrodes in the Schlumberger arrangement remain fixed during a large number of successive measurement
makes it sensitive to unknown lateral in homogeneities which when they exist affect the field curves obtained and interpretation
adversely. In this way, it has a greater advantage over other configurations.

The data obtained by this method were used for the interpretation of results.

Interpretation of the VES data was done using log-log graph sheet for smoothening and computer software 1P12 WIN was used for
the quantitative interpretation.

It is designed for the interpretation of vertical electrical soundings and induced polarization, data collected geophysically are treated
as a unity presenting the geophysical structure of the survey area as a whole, rather than a set of independent objects, the program
has the ability to interpret resistivity data under two modes, interactive semi-automated mode and automated interactive mode.
Schlumberger array configuration with a maximum electrode spacing of AB = 320m (AB/2 =160m) was used for the research work
and the result of the ten VES points from the study area were computed and then interpreted accordingly.

V. RESULTS
The results obtained for the Vertical Electrical Soundings (VES) using IP12 WIN computer software from the study area are
presented in tables and graphs as follows;

Table 1: Results from Computed Output of Ten (10) VES Points in the Study Area

VES Thickness of Layers(m) Depth Resistivity of Layers (Qm)
NO d(m)
hy h, hs h4 hs p1 P2 P3 P4 Ps
1 148 125 0.04 3.04 6.58 12.60  245.00 962.00 2.87 93.20 10602.00
2 050 070 248 12.70 7150  16.40 99.40 734.00 10.00 1066.00 234.00
3 050 1.05 0.05 9.36 22.10 3550 2.17 205.00 16.40 3.27 75.40
4 1.77 090 8.8 32,20 1470  57.80 31.30 4.45 109.00 20.30 2.99
5 050 0.17 3.00 3.09 39.60 46.40  217.00 8.33 479.00 11.70 44.40
6 051 027 103 3.92 10.10  15.80  370.00 73.00° 1218.00 123.00 9214.00
7 050 060 0.06 10.80 59.90 11.90 88.40 21.20 4032.00 182.00 4473.00
8 050 010 4.06 2.42 23.70 3160  410.00 2354.00 2354.00 16387.00  33081.00
9 134 260 558 9.52 31.40 31.40 20148.00
10 1.19 145 079 2.91° 30.70  37.10 91.70 38.50 1130.00  104673.00 982.00
MEAN 088 081 253 0.80 27.89 26.46  15.76 442.99 1949.89 12155.93 5890.88
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Fig3 Showing results and curves of VES 1-4 from the Study area.
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Fig4 Showing results and curves of VES 5-8 from the study area.
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Fig5 Showing results and curves of VES 8-9 from the Study area.
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Table 2: Summary of Curve types and Groundwater potentials in the Study Area

VES NO CURVE TYPE POTENTIALS FOR
GOUNDWATER

1 AKH YES

2 KHA YES

3 AKQ YES

4 HAK YES

5 QQH YES

6 HAA NO

7 HAA NO

8 AAK NO

9 A NO

10 HAA NO

V DISCUSSION
Computed results of the 10 VES field measurements are presented in table 1 The values of spacing all the 10 VES points were
plotted on x-axis (abscissa) while the apparent resistivities (p,) were plotted on the Y-axis (Ordinate of a log-log graph sheet. The
curves were smoothening, the numbers of layers were determined and quantitatively interpreted using a computer software program
IP12WIN 2003 MODEL. These are shown in the figures 3, 4 and 5 above,
The result in table 1 showed that the study area has a minimum of three layers (VES9) and maximum of five layers (all the
remaining VES points obtained in the study area).
The average value of each thickness and resistivity of each layer is calculated and the values are given as follows: h; =0.88 m, h, =
0.81 m, h3=2.53 m, h, = 0.80 m and hs =27.89 m. The average resistivity values of the layers are p; =16 Qm, p, =443 Qm, p; = 1,
950 Qm, p, = 12,156 Qm, and ps = 5, 891 Qm respectively.
The quantitative interpretation of the vertical electrical sounding has helped in delineating the aquiferous zones and thicknesses of
the rock layers in Mubi and its environs. The VES interpreted results are summarized in table 1 and 2. From the analysis of
interpreted results obtained from the study area (Mubi and its environs), four distinct layers may be recognized as follows: the first
layer is the surface unit made up of a mixture of top soil sand, clay and alluvium materials with mean thickness 0.88 m and an
average resistivity value of 16 Qm. The second layer is interpreted as a mixture gravels and wet sand with a mean thickness of 0.81
m and an average resistivity value of 443 Qm.
The third layer which is interpreted to be a layer of weathered/fractured basement (consisting of migmatite-gness) has an average
resistivity value of 1,950 Qm with a mean thickness of 27.50 m. The fourth layer is interpreted as a layer of fresh bedrock and it is
found to be present and continuous down the subsurface in the study area. The interpreted results showed that this layer has a mean
thickness of 27.89 m and with an average resistivity value of 12,155 Qm. The depth range from the study area is found to be
between 11.90- 57.80 m. The above results agreed with data of existing boreholes in the study area which suggested that the depth
of water bearing zone in the study area range from12m to 60m.
Table 2 showed results of curve types and groundwater potentials. Five (5) out of the ten VES points from the study area, namely:
Digil, Arahan Kunu, Shagari Lowcost, Mayanka and Festac- Yelawa have potentials for groundwater development.

VI. CONCLUSION

This research was carried out based on the application of vertical electrical sounding principles of resistivity survey which is the
method of geophysical exploration that probes subsurface rocks using their geo-electric properties. Ten(10) VES points were
sounded and interpreted using 1P12 WIN Computer software. The interpreted result revealed a minimum of three and a maximum
of five geo-electric layers. The first layer is the surface unit made up of a mixture of top soil sand, clay and alluvium materials. The
second layer is interpreted as a mixture gravels and wet sand. The third layer is interpreted to be a layer of weathered/fractured
basement (consisting of migmatite-gness) and the fourth layer is interpreted as a layer of fresh bedrock and it is found to be present
and continuous down the subsurface in the study area. In this research work, five (5) out of ten (10)VES points investigated,
proved to have potentials for ground water while the other five locations do not have.
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