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ABSTRACT

This study applied Direct Current Resistivity, Induced Polarization (IP), and Self-Potential
(SP) geophysical methods to evaluate the aquifer characteristics in Hotoro Kudu,
Nassarawa Local Government Area, Kano, Nigeria. The study area covers approximately 5
km2 and lies between latitudes 11.96001°N and 11.98005°N, and longitudes 8.57002°E and
8.59000°E. The acquired geophysical datasets were subjected to reduction, processing, and
interpretation, which enabled the delineation of prospective zones for groundwater
exploration.The identified groundwater targets are situated between latitudes 11.96700°N
and 11.97000°N with longitudes 8.58600°E to 8.58820°E, as well as latitude 11.97100°N
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values reflects variations in groundwater flow, indicating upward and downward movement
through porous and/or fractured formations.Subsurface characterization revealed six distinct
lithological units: Sandy Soil with Clay, Clayey Sandy Soil, Clay, Weathered Basement,
Fractured Basement, and Fresh Basement Complex rocks. Based on the integrated
geophysical interpretation, a drilling depth of approximately 140 m is recommended for
groundwater development within the delineated zones.
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1.0 INTRODUCTION

The inadequacy of water affects the human chain and other organisms. To satisfy the
demand of water, people are relying more on aquifers [1]. Aquifers are geological formations
that store groundwater within porous materials or permeable rocks, provided they possess
sufficient storage capacity and hydraulic conductivity [2]. The development and
characteristics of aquifers are governed by several factors, including past geomorphological
processes, the depositional environment during rock formation, the mineralogical
composition of the aquifer materials, the mechanisms and patterns of groundwater flow, and
the residence time of groundwater within the host formations [2].The occurrence and
distribution of groundwater within these zones are further controlled by parameters such as
the nature of the parent rock, the depth, extent, and pattern of weathering, the thickness of
the weathered overburden, the sand-to-clay ratio, and the degree of fracturing, fissuring,
and jointing within the bedrock [1]. At present, the proper characterization of bedrock
aquifers and their sustainable development is fundamental to achieving short-term water
security [3].Since aquifer units are not directly observable at the surface, identifying potential
groundwater resources requires subsurface investigation to delineate aquifer-bearing layers.
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These aquifers vary spatially in terms of depth and thickness; in some locations, they are
difficult to detect, whereas in others, they are relatively easy to identify [2].

Geo-electrical resistivity survey is amongst the geophysical technology frequently used in
the exploration for groundwater for its simplicity in field application, fluctuating adjustable
depth of investigation giving useful information about layers being investigated including
their level of saturation [4], availability of robust 1D, 2D, and 3D interpretation software in
both porous and fissured media [5]. The technique has been established and has become a
fundamental instrument in hydrological studies, hydrogeological prospecting etc [6].The
basic principle that describe the measurement of subsurface distinction with the use of geo-
electrical resistivity below the earth was propounded by Schlumberger who implemented the
earliest experiment in the year 1912. Field techniques have evolved significantly,
transitioning from manual measurements conducted at isolated and independent points to
the use of programmed systems hiring multi-electrode arrays arranged along a
measurement profile. Consequently, fast, mechanized multi-electrode and multichannel data
acquisition systems are now available, offering greater flexibility in the acquisition of geo-
electrical resistivity data [6]. This method has wide applications in hydrogeological studies,
including the appraisal of aquifer depth and thickness, detection of contaminant plumes,
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In the search for an aquifer, groundwater assessment, modeling, well design and
construction especially for areas requiring such useful information, there is the need to
properly measure and interpret hydrological features, this thrusts the use of geo-electrical
resistivity method for this research, essentially to localize an aquifer and its estimated depth
of investigation in the study area which is essential in the search of groundwater and also to
map out the stratigraphy of the study area. Hotoro Kudu at Nassarawa Local government
area, Kano State is among the cities with large population and besieged to get adequate
water for daily activities [1].

1.2 Location and Geology of the Study Area

The study area, Hotoro Kudu Nassarawa Local Government, Kano State, Nigeria is located
along Maiduguri Road, opposite to the Abubakar Rimi Television Broadcasting Station. The
area is bounded between the latitude 11.753888°N to 11.759423°N and longitudes
8.275286°E to 8.287099°E. Figurel is a map showing the boundary of the study area. In the
study area, groundwater occurs within the weathered mantle or in the joint and fracture
systems of the unweathered or partly weathered rocks [7]. [7] Proposed that, aquifers are
found within the weathered mantle and fractured rock, where permeability and penetrability
are enough to permit considerable amounts of water to accumulate in storage. High
groundwater yield in the area is observed where thick overburden overlies fractured zones.
The aquifer types identified in the study area include the weathered layer aquifer, the
weathered/fractured (or partly weathered) aquifer, and the fractured aquifer [7]. Kano state
including the study area experiences a tropical climate having a rainy and a dry season.
Rainy season begins in April/May and ends in October while dry season prevails for the rest
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of the year. [7]. The least humidity value is recorded between January and February, and the
highest, between July and September [8].

Apart from annual precipitation, there is no proximate surface water resource to recharge
the aquifers in the study area. Therefore, rainfall is considered the major source of
recharging aquifers in the area. Due to the absence of surface and tap water supplied by the
water authorities, there is no other alternate than to exploit groundwater to meet all water
requirements of the area.
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Figure 1. Map of the Study Area Showing All the VES Stations [9]

2.0 MATERIALS AND METHODS
2.1 Materials
The following are the materials used in data acquisition:

i.  ABEM signal averaging system (SAS) 1000 Terrameter
ii. 12V car battery
iii.  Stainless steel electrodes
iv.  Connecting wires
v. Hammers
vi.  Measuring Tape
vi.  GPS
viii.  Solar Panel
ix.  Sample bottles

67



Bayero Journal of Physics and Mathematical Sciences / Vol. 17, No. 1/ Jan., 2026. ISSN: 1597 — 9342, Online ISSN: 2795 - 3866

2.2 Method

The resistivity method is employed in this work. The method employs an artificial source of
current which is introduced into the ground through point electrodes or long wire contacts.
The procedure is to measure potentials at other electrodes in the vicinity of the current flow.
Electrical methods of geophysical investigations are based on the resistivity or its inverse,
that is; conductivity of materials. The electrical resistance, R of a material is related to its
physical dimension, cross sectional area, A, length, L, through the resistivity p by [1]
RA

However, [10] asserted that, the resistivity p is further related to the apparent resistivity Rap,
and geometric factor K as;

p = RappK 2)
In addition, [11] has shown that for four electrodes system, the schlumberger array
geometric factor (K) is given by;

T
Kschlumberger = m [%]2 [3]

Furthermore, under the resistivity method, the Vertical Electrical Sounding (electrical drilling
1D) using Schlumberger array was adopted. In the schlumberger array, four electrodes are
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Figure 2 Schlumberger configuration array [12]

This configuration consists of a pair of current and potential electrodes. These electrodes
are driven into the ground in a straight line to make good contact with the earth. The current
electrode spacing is expanded over a range of values for measurements in the field and this
significantly changes the range of measurements and its corresponding depth of
investigations. However, as the measurement progresses, the current electrodes (AB/2)
separation increases gradually to a far distance apart while the potential electrodes (MN/2)
are kept at small separations relative to the current electrodes separations (Table 1) as a
result, the method required less labor and financial commitment and this is one of the major
advantages of this method over other methods [6]. Nevertheless, when the ratio of the
distance between the current electrodes to that between the potential electrodes becomes
too large, the potential electrodes must also be displaced outwards otherwise the potential
difference becomes too small to be measured with sufficient accuracy [6].
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Table 1 VES No 19, Hotoro Kudu, U/Mahauta Gayawa street

VES No019. Lat:11.9650501°N Long: 8.5888351°E

S/ | AB/2 |MN/2 | RES IP (Ms) | SP

N | (M) (M) (QM) (Mv)
1 |150 |0.50 |36.97 |1450 |-21.82
2 [200 |050 3305 |-0.87 |-21.05
3 [300 [050 2894 |-75.80 |-19.90
4 |450 |050 |70.82K |-670.00 |-19.38
5 |700 |050 |3857 |7820 |-18.87
6 |10.0 |050 |3152 |-134.00 |-18.25
7 |100 |2.00 |36.41 |-41.80 |-0.23
8 |120 |2.00 |50.77 |-19.00 |-0.17
9 [150 |2.00 |103.00 |3.30 -0.17
10 [17.0 |2.00 |24.87 |-289.00 |-0.16

2 77. .06
0

14 | 450 |10.00 |79.41 |-1.84 |-53.39
15 |[60.0 |10.00 |96.17 |-9.13 |-30.57
16 |70.0 |10.00 |-10.49 |-156.00 |-9.59
17 [80.0 |10.00 |106.63 |-13.10 |1.17
18 |100.0 | 10.00 | 146.52 |-10.50 |7.20
19 |120.0 | 10.00 | 159.05 |-20.80 |13.16
20 |150.0 |10.00 |124.58 |-107.00 | 19.00
21 |170.0 | 10.00 |234.05 |-20.70 |26.98
22 |200.0 |10.00 |-125.78 | 305.00 |27.59

During the field work of taking sounding readings, the terrameter performs automatic
recording of resistivity, induced polarization and self-potential values (Table 1) and digitally
displays it in real time [6]. However, during the field work of data acquisition, twenty Vertical
Electrical Sounding (20 VES) points were recorded. IPI2WIN software aided in the
interpretation of all the VES raw data. In addition, Microsoft excels and Surfer 11 softwares
were used and processed the IP and SP data respectively thereby, generating contour maps
which were crucial in the interpretation of the geological data obtained.

3.0 RESULTS AND DISCUSSION

The resistivity data acquired (Table 1) for the twenty VES station was processed using
IPI2WIN software. The resistivity values were plotted against the electrode distance (AB/2)
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about each profile of all the VES stations. The software processed two windows i.e. the
Model Parameter Tables Window and Curves Window as shown on figure 3 and 4
respectively. Nineteen more of its kind were collected, processed and developed into twenty
parameter tables and their corresponding curve windows (with respect to their VES stations)
using the IPI12Win software.
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Figure 3. VES 19: Apparent Resistivity Model Parameter Windows
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Figure 4. VES 19: Apparent Resistivity Curve Windows using the IPI2WIN software.
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On the other hand, the curve parameter window (Figure 4) also a representative sample of
the apparent resistivity curve window which is composed of four superimposed curves. The
curve itself is presented by a black line which is a smoothing spline on the field values and
the circles along the black line are the field values of apparent resistivity. The blue line
represents the modeled or calculated data, such as the theoretical apparent resistivity curve
based on the inversion result. However, the red line represents the error or difference
between the measured and calculated data [13].
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3.1 Stratigraphy of the Study Area

The model parameter tables for each VES stations were used in categorizing the
stratigraphy and locating the depths of favorable groundwater accumulation of the study
area.

With the aid of the advanced parameter table window (Figure 3) the result was validated
using the borehole log of the study area (Table 2) and yielded the stratigraphy of all the
twenty VES stations (Table 3).

Table 2. Borehole Log and Resistivity Ranges for Kano State Weathering Grades [5]

Material Resistivity-range(Qm)
Sandy soil with clay 60 — 100
Clayey sandy soil 30-60
Clay 10-50
Weathered basement 50 - 150
Fractured basement 150 - 400
Fresh basement 750 — 8000

T S atighE¥ation
L . e ) Mate il
0] 92.60 3.83 Sandy soil with clay
(i) 151.0 9.03 Weathered basement
(iii) 31.10 17.2 Clay
(iv) 359.0 30.0 Fractured basement
(V) 117.0 48.8 Weathered basement

The processed data have shown that, a maximum of six geological layers above the fresh
basement complex rock namely; clayey soil with clay, clay, weathered basement, fractured
basement, sandy soil with clay and fresh basement were delineated in the study area (Table
3), similar stratigraphy was reported by [14].

Out of all the 20 VES stations, one station, VES 16 (Lat: 11.9652650N Long: 8.5880350E)
was found to have six layers, another five stations; VES 5 (Lat: 11.96771170N Long:
8.58591°E), VES 7 (Lat: 11.96873170E Long: 8.58770170N), VES 12 (Lat: 11.9704150N
Long: 8.5898317°E), VES 18 (Lat: 11.96512°N Long: 8.5879717°E) and VES 19
(Lat:11.9650501°N) Long: 8.5888351°E) are with five geological layers. Moreover, six more
stations VES 1 (Lat: 11.9678749°N Long: 8.5874871°E), VES 3 (Lat: 11.9670336°N Long:
8.5867632°E), VES 8 (Lat: 11.969420°N Long: 8.58780°E), VES 9 (Lat: 11.9697615°N Long:
8.5888339°E), VES 10 (Lat: 11.9687417°N Long: 8.589020E) and VES 13 (Lat:
11.9659967°N Long: 8.5869417°E) found with four different layers. In addition, eight more
stations VES 2 (Lat: 11.96670°N Long: 8.587700°E), VES 4 (Lat: 11.9776123°N Long:
8.57481°E), VES 6 (Lat: 11.9766118°N Long: 8.59482°E), VES 11 (Lat: 11.96908°N Long:
8.5903617°E) VES 14 (Lat: 11.9659967°N Long: 8.5869417°E), VES 15 (Lat:11.96538°N
Long: 8.58636°E), VES 17 (Lat: 11.9643667°N Long: 8.5882883°E) and VES 20 (Lat:
11.9659232°N Long: 8.5891379°E) found with three geological layers.
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These lithology-layers contribute to the development of groundwater because it serves as
the passage for the movement of surface water to the fractured layers. The topsoil generally
consists of three parts: the belt of soil water at the top, the intermediate vadose zone and
the capillary fringe at the bottom [6].

3.2 Suitable Locations for Groundwater Explorations and Their Estimated Depth

The Microsoft excel software was used and processed the IP and SP data. A plot of IP and
SP values against the depths of investigation at each VES station were made, thereby
portraying the graphical features of the highest depths values each of IP and SP (Figure 4)

VES19: A graph of IP(mS) and SP(mV) against

AB/2(M) -
800 O - O - - O
700
600
- S00
=
g 400
— [Vertical (Value) Axis Major Gridiines } '
=
- |
‘ 100 /‘\
o -~ ~— xS =
100 1%0 200 2%0
300 & = . o
AB/2IM)
—p 1P (M) —rp S P (M)

Figure 5.A sample plot of IP (mS) and SP (mV) against the depth of investigation for
VES 19 using the Microsoft excel software.

The typical graph sample plot is presented on (Figure 4). The blue dots represents
chargeability values of the subsurface materials (IP (mS) ) which indicates the ability of the
materials present in the subsurface to hold an electric charge, at specific depth, higher IP
values suggests the presence of permeable layer [14]. The red dots on the other hand, it
symbolizes SP (mV) values and signifies a natural voltage difference in the subsurface and
often influenced by electrochemical reactions indicating the existence of groundwater flow at
higher values [8].

Coupled with the coordinates of all the VES points, the highest depth value each of
resistivity, IP and SP that is not above the fresh basement were recorded and inputted into
the surfer 11 software, thereby generating three different basement topography Contour
Maps of Resistivity depth, IP depth and SP depth at specific coordinates; Figures 5, 6 and 7
represents the maps respectively.
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Figure 5 Fresh Basement Rocks Topography Based on
Resistivity Data using the Surfer 11 software.

Figure 5 shows the range of resistivity and the estimated depth of in
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Figure 6 Fresh Basement Rocks Topography Based on
IP Data using the Surfer 11 software.
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However, in the contour map of IP (Figure 6), IP values and their estimated depth of

investigations at particular coordinates were delineated as; 45-150 mS at 110m and 10-40
mS at 90 m for IP; and IP, respectively.
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Figure 7 Fresh Basement Rocks Topography Based on SP Data using the Surfer 11 software.

In addition, figure 7 represents the contour map of the SP values and their expected depth
of investigations at specific coordinates. Their distinguished values are; 30—44 mV at 120m,
45-65 mV at 110 m and 70-100 mV at 105 m for the SP;, SP, and SP; respectively.

Start End Start End (m)

1 R, 8.59147 8.59161 | 11.9701 11.9723 | 110
2 R, 8.58839 8.5885 | 11.6707 11.9695 | 130
3 P, 8.58847 8.58859 | 11.9649 11.9659 | 90

4 IP, 8.58707 8.86968 | 11.9669 11.9716 | 110
5 SP, 8.58999 8.59016 | 11.9698 11.9734 | 120
6 SP, 8.5896 8.58971 | 11.9679 11.9688 | 110
7 SP; 8.59022 8.5887 | 11.9657 11.6665 | 105

Table 4 serves as the grand summary for the estimated depth of investigation at specific
coordinates (which is vital in the result interpretation) for all the parameters (resistivity, IP
and SP) measured in this research.

Table 5 Typical Chargeability Values adopted for this Research [5]

Rock Type Chargeability (mS)
Alluvium 0-5
Latetrite/Quarzilite Rocks 6-25

Weathered Basement Complex Rocks 26 -54

Fractured Basement Complex Rocks 55-70

Fresh Basement Complex Rocks

71 and above
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Based on the presence and combination of the parameters measured (Resistivity, IP and
SP) at specific coordinates, a strategic focus on promising zones of groundwater
prospective of a specific location, two locations were identified namely; Point | and Point I1.
The point identification offers a clear background for interpreting the geophysical data and
planning subsequent exploration or development activities.

Point i

When the depth of all the three categories of geophysical parameters; resistivity, IP and SP
(e.g., R1IP1SP; or R,IP,SP; or RyIP;SP, and etc.) is detected at deeper position and in the
same coordinate, such location is classified ‘Most Favorable Location’ and are highly
anticipated to be the most promising zone for groundwater potential.

Point ii

When the depth of any two of the three parameters measured such as resistivity, and any of
IP or SP (e.g., R,SP3or R;IP, and etc.) is discovered at a deeper point and within the same
coordinate, such positions are categorized as ‘Good Locations’ for groundwater. This
indicates a strong likelihood of groundwater being present, though not as certain as in the
"Position I" category as such, further surveys or investigations are required to confirm the
findings.

3.3 Cross Correlation and Geological Interpretation of Point | (R.IP,SP3)

d out b g
overlap bet e
119 00 °N an ongltu es 8.58600 0E to 8.58820 “E. Wit |nt e dept of investigation, the

resistivity value ranges between (50 — 3490 Qm). At higher resistivity values typically >300
Qm indicates the consolidated gravel or fractured rock formation (Table 2). At moderate
resistivity >150 Qm fractured rocks with higher water content is expected and at lower
resistivity range typically <150 Qm weathered rocks with lower water content is expected,
(Table 2). However, within depth of investigation, the IP ranges between (0-40mS). IP
values at lower range (<10 mS) suggests the presence of Alluvium (Table 5) while at the
higher range of values of IP (40 mS) indicates the presence of Weathered basement rock
(Table 5). Additionally, the range of SP values (70 —110 mS) at this depth indicates
electrochemical reactions suggesting the groundwater flow.

Groundwater potential of point |

The depth range of ‘Point I’ location (100-130 m) (Table 4) and the resistivity values
suggests the presence of clayey sandy soil and consolidated or fractured rock formation.
The overall range of resistivity values (50-349 Qm) suggested moderate and high
conductivity, which indicates an ‘Aquifer’ particularly due to the presence of high water with
significant clay content at lower resistance range (water may not be clean). The groundwater
bearing zones in the area is mostly located between the clay and the sand clay layer
corresponding to fourth layer. The responsible factor for this is attributed to porosity and
permeability of aquifer contents. Clay has high porosity; hence, half of its volume store
water. The void between clay particles is microscopically small with large surface area
favors slow movement and retention of water. Clays do not make good aquifers compared to
sand clay with lower porosity for free flow of water as sands clays have more interconnected
pores. While the high resistivity range (2150 Qm) at 100-130m depth indicates porous or
fractured rock formations hosting a ‘Confined Aquifer’ According to [15], a successful well is
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often predicted to be developed in the sandstone formation when the resistivity is, between
(150 -600) Om, whereas an unproductive well may result if the bedrock resistivity is over
800 Om. The high resistivity may be attributed to due to freshwater which has not been
contaminated with the leachate from the dumpsite [5].

On the other hand, the presence of Alluvium rock due to very low IP value indicates the
occurrence of unconsolidated sediments such as silt, sand and gravel which has
permeability and porosity, consequently, alluvium rock can recharge quickly making it a
promising and sustainable source of groundwater This result is in agreement with [15] who
indicated that, low chargeability values (< 7.0 mS) give a supportive interpretation of water
containing zone for this area, he further asserted that, in the water zone, the low values of
chargeability are reflected in a water-saturated zone as water is a poor medium to retain
electrical charges. The chargeability values for IP indicate gravel, sandstone or alluvium. Not
only that, higher IP values (closer to 40 mS) suggest the presence of weathered basement
materials and likely clays or fine sediments which suggests the existence of ‘Confine
Aquifer’ at 100 m. Additionally, the overall range of SP value (30-65 mV) at a maximum
depth if 120 m indicates the rise and fall of groundwater flow through porous or fractured
zone from more active movement at higher SP range of values and relatively moderate low

es | ted that, o f t echanjsms produci is

| wigh is en afl us
iS wn uaplln (2.7). Vi the
the& pressure gradie p- te poin ith*figh SP

values with great depths indicate higher flow. The consequential information of the research
findings shows that, all ‘Point I category is graded ‘Excellent location” for groundwater
prospection.

3.4 Cross Correlation and Geological Interpretation of Point Il

Two out of the three parameters recorded by the contour maps within the study area
matched between the depth ranges of 100 — 130m (Table 4).They covered the area between
the Lat 11.97100 °N to 11.9710 °N and Lon 8.5885 °E to 8.5885 °E. Within the depth of
investigation, the resistivity values ranges between (350 — 650 Qm). The intermediate
resistivity range of (350-650Q0m) indicates the presence of fractured basement (Table 2).
However, the value of SP within the depth of investigation is at the range of (30—44mV)
suggesting the natural electrochemical potentials generated by groundwater movement in
porous or fractured formations.

Groundwater Potential of ‘Point II’

The depth and resistivity range of R;SP; of (100-130) m and (350-650) Qm respectively
suggests a likely potential ‘Deeper Aquifer’ in porous or fractured formations and sandy rock
layer saturated with groundwater. However, the typically high resistivity range (350-650) Om
at deeper depth of 110 m suggests the potential existence of a clean, freshwater and
protected aquifer, particularly in fractured rock formations. Not only that, the high SP value at
a depth of 105 m strongly indicates the presence of active groundwater flow suggesting a
productive. This is also consistent with similar studies conducted by [17]. In addition, the SP
values (at higher SP range) and at a depth of 110 m indicates the presence of groundwater
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flow especially within fractured formations, [17] indicates a dominancy of positive SP peaks
with value ranging from 80 to 120 mV. The resulting evidence of the study outcomes
indicates that, ‘Point II’ class is rated ‘valuable location” for groundwater exploration.

4.0 CONCLUSION

Investigation of groundwater potential in Hotoro Kudu, Nassarawa Local government area
Kano State has been carried out through the use of Vertical Electrical Sounding (VES). The
result of the twenty VES carried out revealed that; there are six geological layers; sandy soil
with clay, clayey sandy soil, clay, weathered basement, fractured basement, and fresh
basement in the study area. However out of the twenty VES stations, one station (VES 16)
was found to have six geological layers; five stations (VES 5, 7, 12, 18, and 19) enclosed
five layers; six more stations (VES 1, 3, 8, 9, 10, and 13) had four layers; furthermore, eight
other stations (VES 2, 4, 6, 11, 14, 15, 17, and 20) were found to have three geological
layers. It was essentially observed that, within the study area, there are three levels of
aquifer viz ; highly productive aquifer at the depth of 130 m, moderately-yield aquifer at the
depth of 110m and low-yield aquifer at the depth of 100 m where steady and sustainable

borehole could be dug.
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