International Journal of Innovative Scientific & Engineering
Technologies Research 14(3):113-119, July-Sept, 2026

Tl

© SEAHI PUBLICATIONS, 2026 www.seahipublications.org ISSN: 2360-896X

DOI:10.5281/zenod0.22091852
Investigation of Shallow and Deep Magnetic Sources

within Birnin Kebbi and Environs, North West
Nigeria Using Spectral Depth Analysis of
Aeromagnetic Data

IN.S. Jega., ZBashar. M.G. & *Bashar. G.A.

12&3Department of Physics,
Adamu Augie College of Education Argungu, Kebbi State, Nigeria
Corresponding author’s email: nuhusanijega66@gmail.com

ABSTRACT

The total acromagnetic data covering the study area between latitudes 11.50°N to 12.50°N and longitude
4.00°E to 5.00°E, within the Sokoto basin Northwest Nigeria was subjected to Spectral Dept analysis. The
entire area was divided in to nine sections; Spectral depth Analysis was applied for each of these nine
sections, for the purpose of investigating the sedimentary thickness of the area. The result shows a deeper
depth within the range of 1.99km to 2.83km, associated with regional basement features and major
subsurface structural trends, and a shallow depth ranging from 0.87km to 1.25km, which reflects near
surface lithological variation, basement structures and intrusions. The highest sedimentary thickness of
2.83km was found at the western part of the study area between Giru and Birnin-kebbi towns. The result
also shows the effectiveness of spectral depth analysis of aeromagnetic data in mapping the subsurface
structures and improving the geological framework of Birnin-kebbi and its environs.
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INTRODUCTION

The search for hydrocarbon (o0il & gas) has been a major business challenge in Nigeria. Most of the
Nigeria’s revenue comes from the export and domestic sales of oil & gas upon which a population of over
200million people depends on since 1960’s. As the hydrocarbon potential of the prolific Niger Delta
becomes depleted or may gradually dried up due to continous exploration, attention need to be shifted to
other sedimentary basins (Salako & Udensi 2013). The possible occurrence of oil & gas in commercial
quantities in the Sokoto basins (Nigerian sectors of the lullemmeden basin) has been in controversy due to
very scanty prospectivity data (Kogbe 1981). Not quite long, the then Governor of Sokoto State, Nigeria,
Alhaji Aliyu Magatakarda Wamakowas quoted to have claimed on the basis of some undisclosed data, the
occurrence of commercial hydrocarbon deposits in the Sokoto basin. Many researchers and industry
experts doubted the validity of the claim, but this has drawn the attention of many people to focus their
research on the basin (Obaje etal., 2013). This study might be useful on a reconnaissance basis for oil and
mineral prospecting in the area.

Geology of the Study Area

The study area is a square block situated around the southeastern part of the Sokoto Sedimentary basin,
northwest Nigeria, as shown in figure 1. The sediments of Sokoto basin according to many researchers,
such as (Kogbe, 1981; Adeleye, 1975; Okosun, 1995 and Obaje ef at., 2013) wereaccumulated during
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four main phases of deposition. Overlying pre-cambrian basement unconformably (the Illo and Gundumi
formations) which are made up of grits and clays that constitute the pre-maastrichtian “continental
intercalaire” of West Africa. They are overlain unconformably by the maastrichtian Rima group,
consisting of mud stones and friable sandstones (Taloka and Wurno formations), separated by the
fossiliferous, shaley Dukamaje formation. The Dange and Gamba formation (mainly shales) separated by
the calcareous Kalambaina formation constitute the Paleocene Sokoto group. The overlying continental
Gwandu formation which is of tertiary age forms the post-paleocene continental terminal. These
sediments dip gently and thicken gradually towards the northwest, with a maximum thickness of over
1,200m near the frontier of the Nigeria-Niger Republic.

The most important economic mineral deposit in Sokoto basin are the industrial minerals consisting of
clays, ironstone and laterites including liquate radioactive minerals and salts (Adetona et al., 2007).

[ study Area

Figurel; Geological Map of Nigeria, showing the location of the study area

MATERIAL AND METHOD
1. Source of the Data
The four acromagnetic maps used for this analysis are (sheets 49, 50, 72 and 73), that covers Birnin kebbi,
Tambuwal, Giru and Fokku respectively. These maps were obtained from Geological Survey Agency of
Nigeria (GSN) as part of the nationwide survey between 1974 and 1976. The data were collected at a
nominal flight altitude of 154.2m along N-S flight lines spaced approximately 2km apart. The maps are
on a scale of 1:100,000, and half degree sheets contoured. The actual magnetic values were reduced by
25000 gammas before plotting contour values. Thus, 25000 gammas were added to the contour values to
obtain actual magnetic field intensity values. A correction based on the International Geomagnetic
Reference Field (IGRF) epoch dated January 1, 1974 was included to the data.
2. Spectral Depth Analysis
A 2 dimensional power spectral depth determination method was developed by Spector and Grant (1970).
To them, the ground was assumed to consist of a number of independent ensembles of rectangular block.
The expression for the energy spectrum transcribed in polar coordinates is given according to them as
R=(U>+ V)" and O =arctan (u/v) (1)
R = (U? + V)" is the magnitude of the frequency vector
O = arctan (u/v) is the direction of the frequency vector
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Then the energy spectrum E(r, ©) is given by
Er0) = 4K 2] —e™)SY(r,0) 2)
Where
K = the magnetic moment per unit depth.
t = the thickness of the block
S = factor for the horizontal size of the block
Spector and Grant (1970) obtained the expression for the ensemble average of the radial spectrum as

E(r) = 4T K2 e (1 — ") S (7) 3)

1 pm
S0 == (S (r,8)) do)
The ensemble average depth (h) according to Spector and Grant (1970) enters only into the factor
gT2hr sinh(sr Ah)
4rih )

Normally one would set AR at a value not greater than 0.5h; otherwise, h itself has no interpretational

< e—2hr> —

value. Therefore, for values of r which are<C "= = g -

a straight line whose half slope is -2A. This can be approximated to exp (-2hr) which is the dominant
factor in the power spectrum. Map spectral are usually declining functions of r whose rate of decay is
largely dominated by the mean depth of bodies. If these are two set of sources, then they can be
recognized by marked change in the spectral decay rate. The mean depth of the burial of the magnetic
ensemble is thus given as
M

z=-1 (6)
Where M is the slope of the best fitting straight line whose half-slope gives the depth to the top of the
magnetic ensemble, provided the frequency is in radian per kilometer. If however, the frequency unit is in
cycle per kilometer, the corresponding relationship can be expressed as

z=-1 ™)

47T

and the logarithm of this factor approximate

RESULTS AND DISCUSSION

The residual magnetic map of the study area shown in figure 2, shows magnetic values which are mostly
high in the southern and central half represented in red-pink colors, while the northern half and upper
portion of the southern half are of low magnetic intensity values represented in blue color. Most of the
closures in the residual field map have predominant tectonic trends in the E-W, NE-SW and NW-SE
directions. This agrees with the deductions of Ananaba and Ajakaiye (1987); Ajakaiye et al. (1991);
Adetona et at. (2007) and Bonde (2014), who identify a predominant tectonic trends in the NE-SW
direction over the entire Sokoto basin.
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Figure 2; Residual Magnetic Map of the Study Area

Table 1; shows the estimated depth of magnetic sources for both the shallow depth (H:) and deeper depth
(H2), the coordinate of each block were obtained by summing the values of the bounding latitude and
longitude and averaging it. This was used in plotting the log of spectral energy against frequency. The
main sources that account for the first layer average depth are the magnetic rocks that intrude the
sedimentary formation. An estimated depth of 0.78 km to 1.25 km could be estimated from the first layer
depth. The second layer depth could be attributed to magnetic rocks intrusion in to the basement surface.
This depth represents a depth to the underlying magnetic basement rock of the area, and the average
thickness of the sedimentary formation that overlay the study area. It is estimated within the range of 1.99
km and 2.83 km.
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Figure 3; a typical plot of energy spectrum against frequency for section A and D
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Figure 4; Contour Map of Second

ayer Magnetic

Source Depth (Contour interval is 0.1km)

The highest depth of 2.83 km could be found at the western part longitude 4.5°E and latitude 11.8°N NW
of Giru. Areas around Birnin kebbi in the northwestern part, has a depth of 2.7 km, and Tambuwal at the
northeastern part has a depth of 2.8 km. the lowest depth of 1.9 km is located south of Fokku in the
southeastern part between longitude 4.3° and latitude 12.15°.These depths agree with work of other
researchers like (Bonde et al., 2014, Adetona et al., 2007 , Levi and Amada, 2016, and M. Abbas ef al.,
2024), who reported a maximum depth of 2.85; 1.96 and 2.11 km respectively using various depth
estimation methods. Careful observation of Figure 5 shows that the area is uplifted at the middle.
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Figure 5; Surface Map of Deeper Magnetic
Source Depth Of the Study Area

117



Jegaetal ....Int J. Inno. Scientific & Eng. Tech. Res. 14(3):113-119, 2026

Table 1: Estimated depth to the shallow (depthl) magnetic sources and deep (depth2) magnetic
sources in kilometers.

s/mo  Spectral Longitude Latitude H1(km) H2(km)
Section
1 SPT A 4.25 11.75 0.89 2.83
2 SPT B 4.75 11.75 0.84 2.50
3 SPT C 4.25 12.25 0.78 2.18
4 SPT D 4.75 12.25 0.99 2.64
5 SPT E 4.50 11.75 1.13 2.82
6 SPT F 4.50 12.25 1.25 2.63
7 SPT G 4.25 12.00 1.15 1.99
8 SPT H 4.75 12.00 1.09 243
9 SPT I 4.50 12.00 0.89 2.68
CONCLUSION

It is understood by earth researchers that the thickness of sediments is among the conditions for
hydrocarbon generation and accumulation. The outcome of these research shows that the maximum depth
of sedimentation within the study area is 2.83 km. The minimum thickness required to produce oil usually
varies from 2 km to 4 km (Wright et al., 1985). The result revealed that the predominant portions of the
study area are very shallow. However, areas around Giru and Tambuwal, associated with maximum
sedimentary thickness of between 2.6 km to 2.8 km are having relatively higher sedimentation; these
areas might be potential sites for further hydrocarbon investigations.
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