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Abstract

The study area has received little attention from scholars due to being within a military facility. The
Institute is relatively young, thus undergoing development including but not limited to providing
portable water supply. However, boreholes are the primary source of water supply. Four of the nine
boreholes sunk within the hostel failed and there’s no published work looking into the potential reason
for the failure. The aeromagnetic data of the study area were subjected to an edge-detecting technique,
the second wvertical derivative, to reveal lineaments within the study area. The lineaments represent
structures like faults, fractures, and other features that could act as secondary porosity in the aquifer.
Moreover, the Euler depth technique was also applied to determine the possible depth of the lineament.
A NE trending lineament was mapped around the boreholes within the hostel. The depth of the
lineaments around boreholes is about 300 m deep suggesting the area may not be viable for sinking a
borehole, the cost of drilling to that depth will be huge.
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INTRODUCTION

Groundwater accessibility is pivotal for sustaining daily activities within any community
(Carrard et al., 2019; Velis et al., 2017), and boreholes serve as essential sources of this
invaluable resource. Nevertheless, the precise formation processes of the groundwater
reservoirs are not well comprehended due to insufficient comprehensive data (Akintayo et
al., 2022). The permeability and storage capacity of the groundwater system in the Basement
complex are closely tied to structural attributes, such as the arrangement and scale of
fractures, as well as the depth and degree of weathering (Clark L., 1985; Eduvie M, 1998).

However, the success and reliability of boreholes can be significantly impacted by geological
factors, notably the presence of lineaments — linear geological structures, such as fractures
and faults (Bon ef al., 2022; Tam et al., 2004). These lineaments can dictate the movement and
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storage of groundwater, directly influencing the effectiveness of boreholes (Boitt et al., 2023;
Nyaberi et al., 2019).

The subsurface geological framework surrounding groundwater potential is a network of
complex structures, encompassing faults, fractures, and other lineaments. These features
represent geological discontinuities that significantly influence groundwater flow and storage
(De Vargas et al., 2022; Park et al., 2000). The complex interplay among these subsurface
structures often leads to borehole failures, presenting a critical challenge in ensuring a
sustainable water supply for community spaces (Akingboye & Osazuwa, 2021; De Vargas et
al., 2022; Olorunfemi & Oni, 2019).

Understanding these lineaments is pivotal for deciphering the underlying geological
complexities that impede borehole functionality (Mabee et al., 2002). Advanced geophysical
methods, such as aeromagnetic surveys, stand at the forefront of unraveling these
complexities. They offer a nuanced perspective, allowing us to peek beneath the Earth's
surface and visualize the invisible network of subsurface structures (Ijeh et al., 2018; Ishola et
al., 2020).

Lineaments, when accurately identified and characterized, unveil a wealth of information
about the geological composition and behavior of the subsurface (Prabu & Rajagopal, 2013;
Takorabt et al., 2018). They serve as indicators of potential areas of stress, zones of increased
permeability, or impediments to groundwater flow (Mpofu et al., 2020; Sarwar et al., 2021). By
comprehending these lineaments through advanced geophysical methods, we gain invaluable
insights into the fundamental geological processes governing borehole performance (Day-
Lewis et al., 2017; Ejepu et al., 2017; Wiederhold et al., 2021).

Moreover, these insights transcend mere identification; they offer a predictive capability
crucial for borehole siting and maintenance (Falebita et al., 2020; Khan et al., 2023). By
discerning the orientation, distribution, and characteristics of lineaments, we can anticipate
potential challenges in borehole construction and operation (Mangs et al., 2023; Ouattara et al.,
2021). This foresight allows for proactive measures, mitigating risks associated with borehole
failures and optimizing the reliability of water supply in community spaces.

The utilization of advanced geophysical methods to unravel the enigmatic nature of
subsurface lineaments represents a leap forward in understanding and managing
groundwater potentials(Ishola et al., 2023; Mohamed et al., 2023; Wiederhold et al., 2021).
Aeromagnetic data gathered through high-resolution aerial surveys, offers a unique
opportunity to investigate subsurface variations in magnetic properties. By leveraging this
data and employing techniques such as the first vertical derivative, we aim to enhance the
identification of subtle magnetic anomalies associated with subsurface geological structures,
including lineaments. Additionally, the application of Euler deconvolution, a mathematical
method for estimating the depth and location of magnetic sources, will be employed to refine
the identification and characterization of lineaments (llugbo & Adebiyi, 2017; Keating &
Pilkington, 2004; Mohamed et al., 2023; Tawey et al., 2019). The geophysical techniques (the
first vertical derivative, and Euler deconvolution) present a comprehensive methodology to
comprehend the relationship between subsurface structures and groundwater potentials
within the hostel, which hitherto is lacking.

This paper aims to outline the methodology employed in utilizing aeromagnetic data, first
vertical derivative analysis, and Euler deconvolution for delineating lineaments around
boreholes within the hostel premises. Through this investigation, we seek to shed light on the
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geological factors impacting borehole performance and offer valuable insights for enhancing
water resource management strategies within community environments.

The study area

The male hostel at AFIT lies within latitude 10.626° N - 10.617° N and 7.453° E - 7.435° E. In
the vicinity of the hostel, there are five operational boreholes alongside four non-functional
ones. The study area falls within the Igabi Local Government Area, Kaduna State, Nigeria,
which holds substantial untapped groundwater reservoirs vital for sustainable progress. In
this location, the occurrence of groundwater is mainly associated with three separate
geological formations: the River Alluvium, the Newer Basalts, and the Weathered /Fractured
Basement Complex (Alaminiokuma & Chaanda, 2020).

The research area is mostly covered by the Precambrian rocks of the Nigerian Basement
Complex, which is known for its crystalline structure (see Figure 1). The weathering of these
rocks in tropical climates produces a wide range of unconsolidated materials, with
considerable differences in both thickness and horizontal spread (Dearmaun et al., 1978). The
rocks of the Basement Complex are predominantly composed of migmatite gneiss,
metasediments/metavolcanic formations (such as schist, quartzite, amphibolites, and banded
iron formations), pan-African granitoids, calc-alkaline granites, and volcanics from the
Jurassic period (McCurry, 1976). Over time, these rock formations, especially the gneisses and
schists, have experienced numerous instances of orogenic activity, resulting in significant
deformation and metamorphosis.

Moreover, the area also contains a variety of rock types like quartz veins, pegmatite, and
xenoliths. The earliest rocks in the vicinity are gneisses and older metasediments, originating
from the Birrimian period around 2500 million years ago (McCurry, 1975). Although primarily
made up of igneous and metamorphic rocks, the Nigerian Basement Complex has been
wrongly labeled as an inadequate aquifer (Egboka, 1988; Hazell et al., 1992). This
thermotectonic occurrence has largely erased previous geological marks but has resulted in
recognizable structural characteristics, including folding, fracturing, shearing, granitic
intrusions, and granitization. The Migmatite-Gneiss Complex underlying a significant portion
of the Kaduna-Zaria region, stands out notably for its clear display of migmatite formations
in areas like Kudenda, Kakau, Sabon Tasha, and Kabala, situated both to the east and west of
the Kaduna metropolis (Offodile, 1992).

The study area's structural characteristics include joints, foliation, micro-folds, faults, veins,
and foliation (Garba et al., 2018). The orogeny Pan-African, around 500 million years ago and
left most rocks with a predominate northeast-to-southwest trend direction, is thought to be
responsible for many of these features (Egba, 2013). Through thorough geological mapping of
the area, pegmatitic veins are sporadically found in the northeastern region near Mando,
maybe extending to AFIT. The two main types of rocks in the region are Biotite-Granite and
Migmatite-Gneiss. It is well known that these rock formations create aquitards and permeable
zones in the local bedrock, which affect the dynamics of groundwater flow. Furthermore, the
crystalline rocks of the basement complex contain fractures, fissures, veins, joints, and other
structural deformations that greatly regulate groundwater flow and impact the principal
aquifer units' rates of recharge and discharge (Ogezi, 1998).
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Figure 1: Geologic map of Kaduna. Modified after Sadiq et al. (2021).

MATERIAL AND METHODS

The aeromagnetic data covering latitude 10°15'N - 10°45'N and longitude 7°15'E - 7°45'E used
for this research was obtained from the Nigerian Geological Survey Agency (NGSA) Abuja.
According to NGSA website, funding for the survey came from the World Bank and the
Federal Government of Nigeria, and it was conducted between 2005 and 2009. It was
completed in two stages: the World Bank and the Nigerian government jointly backed Phase
2, while the Nigerian government alone funded Phase 1. Fugro Airborne Surveys was in
charge of gathering, handling, and analyzing the airborne geophysical data.

The methods involved in this study include:

1. Create the study area's Total Magnetic Intensity (TMI) map using Oasis Montaj software

2. Application of the Second Vertical Derivative to manually map out the structures

3. Produce a map of Euler deconvolution for magnetic source bodies' structures and depth.

Total magnetic intensity

The X column of the airborne magnetic data denotes longitude/easting, the Y column denotes
latitude/northing, and the Z column denotes the overall magnetic intensity in the data that
was acquired from Fugro. The Total Magnetic Field Intensity data (Z) were first corrected by
deducting 33,000 nT to simplify processing. After obtaining the data from NGSA, the original
Total Magnetic Field Intensity values were restored by performing a straightforward
arithmetic addition of 33,000 nT to each Z column value. Only then could further processing
be carried out. The Universal Transverse Mercator (UTM) projection system was then used to
georeference the X and Y columns, designating them as the preferred columns Finally, the
data was gridded to generate the total magnetic intensity (TMI) grid map as shown in Figure
2 below.

The interpretation of magnetic anomalies reported in low- and moderate-latitude locations is
frequently complicated by their polarity. The magnetization vector and the induced magnetic
field vector's inclination both affect this polarity (Yaoguo and Douglas, 2001). Repositioning
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magnetic anomalies above their causal sources is what Baranov (1957) called the reduction to
the Pole (RTP) transformation approach, which aims to solve this problem.

On the other hand, along the magnetic declination direction, the RTP operator becomes
unbounded as magnetic latitude approaches the equator, which causes an amplification of
noise in this direction. As a result, linear characteristics that are aligned with the direction of
declination dominate the resulting RTP field. The pattern of induced magnetic anomalies
becomes extremely dependent on their orientation, which is further complicated by the
presence of a horizontal inductive field close to the equator. Large anomalies, for example,
can be produced by east-west oriented bodies, but lengthy north-south oriented bodies,
despite having significant magnetic susceptibility, can look nearly invisible magnetically.

The Reduce-to-Equator (RTE) filter is commonly applied to total magnetic intensity data to
overcome these difficulties. This filter mimics anomaly magnitudes as they would look near
the equator by transforming the data into an equatorial pattern. Accurate interpretation is
made possible by the RTE filter's stability, which guarantees that the filtered result stays
undistorted. As a result, the source magnetic field and the regional magnetic field both
become horizontal, allowing for a clearer examination. However, Nigeria is so close to the
equator, there is no need for the filtration procedure. Instead, to reduce the impact of the
regional field on the local sources, a regional-residual separation is needed.

Second vertical derivative

According to Foss (2011), vertical derivative filters attenuate longer wavelengths while
enhancing short-wavelength components of the magnetic field. These filters, which are
usually applied to gridded data using FFT (Fast Fourier Transform) filters, scale the field's

amplitude spectra by a certain factor to compute various vertical derivatives of the magnetic
field:

%[(UZ + VZ)%]n 1

The amplitude spectra of the magnetic field are multiplied by a factor involving the
wavenumbers (U, V) corresponding to the (x, y) directions, respectively, to obtain the order
of the vertical derivative, represented by n. Comparable to concurrently measuring the
magnetic field at two points vertically above one another, subtracting the data, and dividing
the outcome by the vertical spatial separation between the measurement locations is the
second vertical derivative operation. Sharper edges are produced by using this method to
improve the resolution of anomalies and shallow features. The data is then manually mapped
to locate and define structures.

Euler Deconvolution

The two main goals of many processing algorithms for magnetic data analysis are boundary
delineation and depth estimation. However, according to Reid et al. (1990), Euler
deconvolution functions as a border and depth estimator as well. It functions by taking data
out of grids using Thompson's (1982) homogeneity relationship. This relationship can be
expressed in the following manner:

8T 8T 8T
(x_xo)a(y_}’o)a_)ﬂ'(Z—ZO)E=N(B_T) 2
where the location of a magnetic source whose total field T is observed at (x, y, z) is denoted

by (%o, Yo, Zo)- N is the degree of homogeneity, which is understood as the structural index
(SI) (Thompson, 1982). This structural index was selected based on past knowledge of the
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source geometry and represents the rate of change at field distance. B is the regional field
value.

According to Reid et al. (1990), the structural index (SI) for different bodies (N= 0 for contacts,
1 for sills, dykes, and faults, 2 for pipes and horizontal bodies, and 3 for spherical bodies)
varies from zero (0) to three (3).

RESULTS AND DISCUSSION

The gridded TMI is shown in Figure 2, indicating several linear structures around the study
area. The major trend of the structures is in the NW direction. They are pronounced in the
northeast and southwest regions. Some were trending in the E-W direction, observed in the
central region of the study area. The borehole within the male hostel at AFIT lies on the path
of an NE-trending anomaly.

The region of interest was zoomed out to reveal subtle features. Regional-residual separation
filtering was carried out on the aeromagnetic data of the region of interest. Subsequently, the
residual magnetic data was subjected to second vertical derivatives which usually sharpen
the edges of linear features (Figure 3). The NE trending lineament that manifests on the TMI
map is pronounced in the map of the second vertical derivative, it is regional in nature (Goki
et al., 2011).

The direction and depth of the linear features within the region of interest were revealed with
the application of Euler deconvolution on the aeromagnetic data of the region of interest
(Figure 4). The depth of the NE trending lineament around the wells is about 300m deep. This
suggests that boreholes drilled beyond the depth are likely to be viable. However, drilling to
that depth will be very expensive. Four out of nine boreholes drilled within the hostels that
have failed could be within the region where conduits for the transport of underground water
are lacking. Moreover, it is possible they were drilled to a depth less than the depth of the
identified lineament within the study area.
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Figure 2: Total magnetic intensity of the study area
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CONCLUSION

The study area has received little attention from scholars due to being within a military
facility. The Institute is relatively new, and undergoing development including but not
limited to portable water supply. However, boreholes are the primary source of water supply.
Four of the nine boreholes sunk within the hostel failed and there’s no published work
investigating the possible cause of the failure within the study area, to the best of the
knowledge of the author.

The aeromagnetic data of the study area were subjected to the edge-detecting technique,
second vertical derivative, to reveal lineaments within the study area. The lineaments
represent structures like faults, fractures, and other features that could act as channels for
transporting underground aquifer water.

Moreover, the Euler depth technique was also applied to determine the possible depth of the
lineament. A NE-trending lineament was mapped around the boreholes within the hostel. The
depth of the lineaments around boreholes is about 300 m deep suggesting the area may not
be viable for sinking a shallow productive boreholes. Other geophysical techniques, e.g.
resistivity method, could be adopted to investigate a viable location for sinking a productive
borehole.
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