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Abstract 
The Nupe Basin, located in North-Central Nigeria, forms part of Nigeria’s inland sedimentary basins 
and has attracted increasing interest due to its potential for hydrocarbon exploration. This study 
therefore utilizes high-resolution aeromagnetic data to investigate the depth to magnetic sources of 
selected portions of the basin for the purpose of investigating the hydrocarbon potential of the study 
area. Data covering sheets 162 (Akerre), 163 (Zungeru), 183 (Egbako), and 184 (Bida) were employed 
to determine the depth to magnetic sources and to conduct two-dimensional (2D) modelling of the area. 
The analysis was performed using Oasis Montaj software while incorporating depth estimation 
techniques which include Euler Deconvolution (ED), Source Parameter Imaging (SPI), and 2D 
forward and inverse magnetic modelling, with the aim of assessing the hydrocarbon potential of the 
region. Depth estimates from ED have values between 0.38 km and 1.44 km, while SPI results indicate 
depths from 0.63 km to 1.48 km. These values suggest the presence of shallow depth to magnetic sources 
in the northern, eastern, and north-eastern parts, and comparatively deeper sources in the 
northwestern, western, and southern parts of the study area. The 2D modelling results revealed 
magnetic intensities ranging from –100 nT to 60 nT, with corresponding depths between 0.5 km and 
3.0 km. Structural discontinuities interpreted as faults were identified along several profiles. The 
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predominance of short-wavelength anomalies and shallow magnetic sources likely reflects regions of 
reduced overburden thickness, potentially attributable to near-surface granitic intrusions. Although 
portions of the study area, particularly the southern, western, and northwestern zones exhibit greater 
magnetic source depths; the maximum sedimentary thickness, estimated at less than 2.3 km, is 
insufficient to support significant hydrocarbon generation. Consequently, the basin is considered to 
have limited potential for conventional hydrocarbon exploration. 
 
Keyword: Aeromagnetic data, Depth estimation, 2D magnetic modelling, Nupe Basin, 
Hydrocarbon exploration 
 
 
INTRODUCTION 
A geophysical survey involves the systematic collection of physical measurements related to 
the Earth's subsurface properties. These measurements are typically acquired over the Earth's 
surface using ground-based, marine, or airborne methods, and are often conducted in a 
regular grid or along predefined lines to ensure consistent spatial coverage and data quality 
(Reynolds, 2011). The characterization of the subsurface layer has been greatly impacted by 
advancements in geophysical instruments, data processing, modelling, and interpretation, as 
evidenced by recent studies (Burger et al., 2023). This has made a number of geophysical 
methods, such as magnetic, seismic, and gravity, to be used in measuring the thickness of 
sedimentary layers (Selim, 2016). 
 
Geophysical survey employing airborne technique is an important part of modern 
geophysics, which allows for faster, cheaper, and larger coverage of the exploration region 
(Ugwu et al., 2018). Specifically, Aeromagnetic geophysical surveys are a type of geophysical 
survey that involves using a magnetometer mounted to an airplane that moves in a grid-like 
manner, with height and line spacing controlling data resolution and survey cost per unit area 
(Okpoli and Oludeyi, 2019). The technic provides the opportunity to conduct comparison 
surveys of very large areas and unreachable terrain in a short period of time, making them 
cost-effective (Alabi et al., 2019).  
 
The aeromagnetic approach uses anomalies in the Earth's magnetic field caused by the 
magnetic characteristics of the underlying rocks to estimate the subsurface geology (Airo, 
2007). The investigations are based on the physical properties of the Earth, which can be used 
for the provision of solutions to various geological problems and for the structural mapping 
of an area (Tijjani et al., 2021). They are especially useful when field mapping is not possible 
due to a sedimentary cover of the target structures (Frey et al., 2023). Aeromagnetic 
measurements makes use of a grid system to collect readings at multiple points, helping to 
gain a clearer picture of the area's magnetic characteristics (Walter et al., 2020).  
 
The method is applicable in many areas, which includes mineral exploration, hydrogeology, 
hydrocarbon prospecting, geological and tectonic mapping. Accurate depth measurement 
using the aeromagnetic approach aids in outlining subsurface structures, finding possible 
mineral resources, and understanding geological formations. It is a key parameter in 
identifying regions with significant sedimentary thickness, which are potentially favourable 
for hydrocarbon accumulation (Tijjani et al., 2021).  
 
In recent years, concerns have increased over a potential reduction in hydrocarbon 
productivity (Salaudeen et al., 2024), in the Niger Delta region as a result of continuous 
extraction. This situation highlights the need to explore inland basins across Nigeria to 
enhance the country’s hydrocarbon reserves. Therefore, the search for hydrocarbon-
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prospective zones essentially involves locating areas with thick sedimentary layers. Several 
geophysical investigations in Nupe basin have been published by different authors. 
Nwankwo et al. (2008) estimated the depth to magnetic source using spectral analysis; the 
results showed that the depths to deep-seated geologic features grow from the boundaries to 
the centre of the research area with value ranging from 0.52 to 4.38 km, whereas shallow 
depths range from 0.08 to 1.8 km. Olasehinde and Olawuyi (2013) made use of gradient 
analysis-based technique to calculate depth to basement of a part of Nupe basin, the estimated 
depths obtained ranged from 0.44km to 1.67km. 
 
Megwara and Udensi (2014) investigated to depth to magnetic source in southern part of 
Nupe basin using Werner and Euler, the depth to magnet sources along the aeromagnetic data 
profiles  ranges from 0.01 km to 0.51 km with an average value of 0.128 km. Tsepav and 
Mallam (2017) carried out a spectral analysis to estimate the depth to magnetic sources of 
some parts of Nupe basin, the results showed that the depth of shallow magnetic sources 
ranged from 0.254km to 1.719km, while the depth of deeper magnetic bodies ranged from 
1.830km to 4.615km. Salako (2021) analysed aeromagnetic data to determine sedimentary 
layer thicknesses in the northern part of the Bida basin using Euler deconvolution, source 
parameter imaging, and spectral analysis; the spectral analysis revealed a maximum 
sedimentary thickness of 3.16 km, the SPI method indicated a depth of 3.78 km, and the Euler 
deconvolution (ED) method showed a depth of 3.34 km.  
 
This research therefore contributes to existing knowledge by determining the thickness of the 
sedimentary layer, in order to identify the locations of sedimentary basins that may serve as 
potential sites for hydrocarbon exploration. The study applied Euler Deconvolution (ED), 
Source Parameter Imaging (SPI), and 2D modelling techniques to identify areas with 
significant basement depth (i.e., thick sedimentary layers). While these methods have been 
individually applied in other studies, their combined application in this particular geological 
setting provides a more robust and cross-validated interpretation of subsurface structures. 
 
The contribution to knowledge does not only lie in the methodological integration, but also in 
the specific focus on identifying thick sedimentary layers that may represent hydrocarbon-
bearing basins that are yet to be explored or discovered. Therefore, by quantifying the 
basement depth, the study enhances the resolution of subsurface mapping and provides 
insights for hydrocarbon exploration.  
 
Location and Geology of the Study Area 
The study area is geographically located between latitudes 9° 00′ and 10° 00′ N, and longitudes 
5° 30′ and 6° 30′ E. It is within the Nupe Basin, an intracratonic sedimentary basin in North 
Central Nigeria, trending northwest to southeast (NW–SE), which lies adjacent to and almost 
perpendicular to the main axis of both the Benue Trough and the Niger Delta Basin (Obaje et 
al., 2011). It represents the northwestern extension of the Anambra Basin and is one of 
Nigeria’s inland basins that are part of the Cretaceous rift systems across Central and West 
Africa. (Opeloye et al., 2021). The Nupe Basin is a shallow, down-warped depression 
predominantly filled with fluvial and marine Campanian–Maastrichtian strata; it mainly 
contains Santonian to Maastrichtian sediments, consisting of sandstones, siltstones, and 
surface alluvial deposits (Adeleye, 1976; Bello and Makinde, 2007). The Upper Cretaceous 
sequence in the Nupe Basin is characterised by stratigraphic formations that contain abundant 
ironstone deposits. The oldest exposed rocks in the basin date back to the Maastrichtian period 
(approximately 66–72 million years ago), though sedimentation might have started earlier. 
Fossil content within the formation is sparse, so its age has mainly been established through 
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photo-geological correlation with the post-Santonian strata of the Anambra Basin (Adeleye 
and Dessauvagie, 1972). Figure 1and Figure 2 shows the geographical location and the 
geological map of the study area respectively. 
 

 
Figure 1: Location map of the study area modified from NGSA (2006) 

 
 

 
Figure 2: Geological map of the study area modified from NGSA (2006) 
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METHODOLOGY 
 
Data Acquisition 
The data used for this study consist of the aeromagnetic sheets 162 (Akerre) 163 (Zungeru), 
183 (Egbako), and 184 (Bida) acquired by Fugro Airborne survey Limited for Nigeria 
Geological Survey Agency (NGSA) between 2005 and 2010. The aeromagnetic data was 
obtained using a magnetometer mounted on a low flying aircraft (Betts et al., 2024), flown in 
the NW-SE direction, covering 826,000 survey lines and was carried out using the Flux-
Adjusting Surface Data Assimilation System (FASDAS).  The survey was done with flight line 
spacing of 500 m; mean sensor terrain clearance of 80 m and tie lines interval of 500 m 
(Osinowo et al., 2019). The data corrections, which are typically carried out to remove the 
effects of offsets, external time variable fields, and Earth’s core magnetic field was done by the 
data acquisition contractor, Fugro Airborne Surveys for NGSA (Oyeniyi et al., 2023). 
 
Data Processing 
The adjusted Total Magnetic Intensity (TMI) was acquired by gridding the data with a grid 
cell size of 100 m and applying the minimum curvature technique. The TMI data was further 
reduced to the equator using the geomagnetic inclination and declination. Low-pass and high-
pass filtering was done on the RTE data to obtain the regional and residual magnetic fields 
respectively. This was done by splitting the wavelength/frequency parts that are associated 
to the regional field and residual field using a low pass and a high-pass filter, respectively 
(Thurston and Smith, 1997). Depth estimation was performed using source parameter 
imaging and 3D Euler deconvolution. 
 
Source Parameter Imaging 
Source parameter imaging (SPI) is based on complex analytic signal and it assumes either a 
2D slopping contact or a 2D dipping thin sheet model for determining source parameters from 
either a profile or gridded magnetic data (Ndikum and Tabod, 2024). It is quick, easy and 
powerful in calculating the depth of magnetic sources with an accuracy that has been shown 
to be ±20% in tests carried out on real data sets with drill hole control (Ndikum and Tabod, 
2024; Thurston and Smith, 1997). The SPI method also yields solutions grids which show the 
edge locations, depths, dip, and susceptibility contrasts; where the estimation of the depth 
does not depend on the magnetic inclination, declination, dip, strike and any remanent 
magnetization (Salako, 2014). SPI assumes a step-type source model, the following formula 
holds for a step: 
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The depth solutions are stored in a database and can be gridded to generate an SPI depth map. 
In this study, SPI was done on the Residual Magnetic Intensity (RMI) data with the following 
parameters: 

Number of passes of smoothing filter = 4 
Level of peak detection = any direction 
Depth value cut off level = nil.  

 
The resulting SPI depth data was presented as both linear colour relief map and equalized-
histogram colour relief map for interpretation. 
 
Euler deconvolution  
Geological and structural interpretation can be evaluated using Euler acquired interpretation, 
which is unrestricted by any previous geological idea. It also just necessitates a basic 
understanding of the magnetization vector and the geometry of the magnetic source (Barbosa 
et al., 1999; Reynolds, 2011). According to Reid et al. (1990), if the total field T measured at a 

point (x,y,z) has base level of b and derivatives ,
T T T

and
x y z

   
 
   

in the xi, yi, and zi direction, 

the 3-D form of Euler’s equation is given as 

0 0 0X dT Y dT Z dTxdT YdT ZdT
T b

dx dy dz dx dy dz
 + + + + + + +    4 

Where   is the structural index (SI), which is defined as the degree of homogeneity of the 

source body and interpreted physically as the attenuation rate. Distance b is the background 
value of the field while X0, Y0 and Z0 are the positions of the source whose total field T can be 
detected at any point. 
 
 
The 3D Euler deconvolution approach was applied to the Residual Magnetic Intensity (RMI) 
grid to predict the positions and depths of magnetic anomaly sources in the study area.  The 
research area's tilt angle data was analysed using all possible structural index values of η = 
0.0, 0.5, 1.0, 2.0, and 3.0 for magnetic data. The optimal structural index value for the residual 
magnetic intensity data in the study area is η = 1.0, with a maximum depth tolerance of 12%, 
a flying height of 50 m, a window size of 1.5 km x 1.5 km, and a maximum distance of 1500 m 
which resulted in the tightest clustering of solutions. The maps obtained are presented for 
interpretation of location and depth of the magnetic sources. 
 
2D Magnetic Modelling 
The computer program employed in this study for 2D forward and inverse magnetic 
modelling allows for interactive modification of an initial geological model, while 
simultaneously computing the magnetic reaction of the changing model in real time. In 2D 
magnetic modelling, the subsurface is assumed to vary along a profile that is perpendicular 
to the strike of the geological structures in the horizontal direction (x-direction) and with 
depth in the vertical direction (z-direction), while remaining constant along the strike 
direction (y-direction). In this study, the magnetic forward and inverse modelling techniques 
were employed to generate a two-dimensional geological model of the subsurface. This model 
was used to estimate the characteristics of magnetic sources beneath the surface. The 2D 
magnetic modelling was guided by existing geological information, and other metrics 
produced from various magnetic data improvement procedures applied on the research area's 
magnetic data. A profile (P-P′) was taken along the NW-SE direction.  Based on the contrasting 
susceptibility values, two (2) types of rocks were built into the model. The susceptibility values 
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for the overlying sedimentary units were assigned to be 0 cgs in this modelling exercise while 
the metamorphic basement were given values ranging from 0.001 to 0.003 cgs. 
 
RESULTS AND DISCUSSION 
 
Total Magnetic Intensity (TMI) 
The denoised total magnetic field intensity (TMI) (Figure 3) of the study area shows three 
main types of magnetic anomalies ranging in intensity from -63 – 100 nT, and are depicted in 
blue, green, yellow, red, and pink colours. The first zone is a magnetically quiet zone which 
is the low amplitude total-field magnetic anomalies. It is associated with magnetic intensity 
of value ranging between -63 nT and – 9 nT, and shown in blue colour. They are found in the 
southern part of the area around Mapa, Kpayi, Chekpa and Agai, and also at the northern part 
of Maikunle, Manta, Jigbeji, Katako and Tenege parts of the study area. This zone, up to 60 
kilometers wide from the eastern part of Mapa to the western part of Agai, is dominated with 
short wavelength, positive and negative magnetic anomalies.  

 
Figure 3: Total Magnetic Intensity (TMI) Map of the study area  

 
Residual Magnetic Intensity (RMI) 
Figure 4 illustrates the colour-shaded map of the residual magnetic field intensity, displaying 
both positive and negative anomalies ranging from –88 nT to 44 nT. The map employs a colour 
gradient shown in blue, green, yellow, red, and pink colours. These residual magnetic values 
were derived by subtracting the regional magnetic anomaly from the measured Reduced-to-
Equator (RTE) magnetic data. Higher residual magnetic intensities, between 18 nT and 44 nT 
(depicted in red and pink), are concentrated in the northern and eastern regions of the study 
area while lower to intermediate values (–88 nT to 12 nT), shown in blue to yellow, dominate 
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the western and southern regions. Areas exhibiting high positive residual anomalies are 
typically associated with rocks of mafic to ultramafic composition, indicative of significant 
magnetic mineral content such as magnetite and hematite. These zones are considered 
potential targets for mineral exploration. In contrast, regions characterized by negative 
residual anomalies likely reflect deeper basement structures or lithologies with low magnetic 
susceptibility, such as shale, limestone, silica, or sandstone. 
 

 
Figure 4: Residual Magnetic Intensity (TMI) Map of the study area  

 
Depth Analysis 
The depth to basement of the study area was estimated using Euler Deconvolution, Source 
parameter Imaging (SPI) and 2D magnetic modelling.  
 
Euler Deconvolution 
Figure 4 presents the 3D Euler solution map generated for a structural index value of ŋ = 1.0 
which is typically associated with dyke-like or vertical contact-type geological features. The 
results reveal that the depth to the magnetic sources varies significantly, ranging from 
approximately 0.38 km to 1.45 km. This distribution suggests two major groups of magnetic 
anomalies. The shallow magnetic bodies located at depths between 0.38 km and 0.9 km, 
representing relatively near-surface sources that may correspond to intrusive rocks or 
basement features closer to the surface such as igneous intrusions, mafic dykes, or tectonically 
uplifted basement blocks, which are either exposed at the surface or lie just beneath the 
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sedimentary cover. Their spatial distribution suggests zones of structural uplift or regions 
where the basement complex is topographically elevated, leading to reduced sediment 
accumulation. 
 
On the other hand, the deeper anomalies occur at depths between 1.2 km and 1.45 km, 
indicating the presence of deep-seated magnetic bodies that could be associated with more 
complex geological structures at greater depths. Their occurrence indicates regions of greater 
sedimentary thickness and potentially more complex subsurface tectonic architecture. 
Furthermore, a clear relationship can be observed between magnetic intensity and 
sedimentary thickness: zones characterized by high magnetic intensity, as revealed by the 
RMI results, coincide with regions of low sedimentary cover. These areas are interpreted as 
exposures or uplifts of the basement complex, emphasizing that the basement rocks underlie 
much of the study area at relatively shallow depths. This inverse relationship likewise 
supports the interpretation that the magnetic basement is structurally heterogeneous across 
the study area and significantly influences sediment distribution. This correlation between 
magnetic intensity and basement occurrence provides reliable insight into the structural 
framework and subsurface geology of the area. 
 

 
Figure 5: Euler deconvolution depth plot of the study area for structural index, η = 1.0 

 
Source Parameter Imaging (SPI) 
The depth to the basement estimated using Source Parameter Imaging (SPI) as shown in 
Figure 5 ranges from the minimum depth of 0.63 km which is indicated with blue colour to 
the maximum depth of 1.48 km with deep pink colour. This range reflects a significant 
variation in overburden thickness across the study area and reveals important subsurface 
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structural patterns. The depth to shallow magnetic sources ranges from 0.63 km to 0.9 km and 
are predominantly located in the central part of the map starting from western side to eastern 
part. Such depths are characteristic of elevated basement topography, likely resulting from 
basement uplifts, shallow intrusions, or thinner sedimentary cover. Likewise, the depth of 
deep seated magnetic sources ranging between 1.2 km to 1.48 km are found around the 
northwest, west, and southern parts of the map (Daba, Koe, Gindi, Potun, Mapa, Badeggi, 
Chekpa and environ). These are interpreted as regions where the sedimentary cover is 
relatively thicker. Importantly, the areas associated with deep SPI anomalies also correspond 
to areas of low magnetic intensity and long-wavelength magnetic anomalies, which typically 
indicate thick sedimentary fill. This observation is consistent with the principles of magnetic 
data interpretation, where long-wavelength anomalies generally reflect deeper sources due to 
the attenuation of high-frequency magnetic signals with depth. The trend of the deep 
magnetic signature is observed to lie from NW to SE, which correlates with the observed trend 
of the direction of the basin. These further establish that the overburden thickness of the study 
area lies in the regions with short wavelength anomalies.  
 

 
Figure 6: Source Parameter Imaging (SPI) map of aeromagnetic data covering parts of Nupe Basin (10 x 10) 

 
Modelling Profile 
The P–P′ profile extends in a northwest-southeast direction and traverses an area 
characterised by relatively high magnetic anomalies in the northwestern portion of the map. 
A geological cross-section along this profile is illustrated in Figure 6. Magnetic intensity along 
the profile ranges from a minimum of –100 nT to a maximum of 60 nT.  Lateral discontinuities 
in the basement and other features such as faults and fractures, can be observed within the 
study area. 
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A total depth of 3 km was computed along the profile with the sedimentary thickness varying 
between 0.2 km to 1.1 km while basement depths along the profile vary between 0.5 km and 
3.0 km. This correlating closely with the depth range of 0.42 km to 3.50 km reported by Usman 
et al. (2023). The relatively shallow depths suggest the presence of near-surface magnetic 
sources. These anomalies, likely associated with short-wavelength signals, may be attributed 
to shallow granitic intrusions, which are possibly remnants of the Pan-African orogeny 
(approximately 600 ± 150 Ma), as proposed by (Ajakiaye et al. (1991)).  
 
The results obtained from the three depth analysis techniques employed in this study show 
strong similarities with previously published studies conducted within sedimentary basin. 
Specifically, the SPI-derived basement depths reported by Tijjani et al. (2021) ranged from 0.64 
km to 3.2 km, while Ndikum and Tabod (2024) documented depth estimates from both SPI 
and Euler deconvolution methods ranging between 0.27 km and 3.55 km. These comparable 
depth ranges affirm the reliability and consistency of the current results within the broader 
context of regional sedimentary basin studies. 
 

 
Figure 7: Geological Model along Profile Magnetic P-P'.Top – Magnetic Anomaly; Bottom – Depth Section 

 
CONCLUSION AND RECOMMENDATION 
The interpretation of aeromagnetic data over the Nupe Basin, Nigeria, using Euler 
Deconvolution, Source Parameter Imaging (SPI), and 2D forward modelling techniques has 
provided valuable insights into the subsurface magnetic properties of the study area. The 
results delineated both shallow and deep-seated magnetic sources as well as fault zones, with 
deeper anomalies occurring predominantly in the northwest, west, and southern sectors 
around Daba, Koe, Gindi, Potun, Mapa, Badeggi, Chekpa, and adjoining regions. The depth 
estimates to the magnetic sources range between approximately 1.2 km and 1.4 km, consistent 
with earlier studies (Tijjani et al., 2021; Ndikum and Tabod, 2024; Olaniyan et al., 2012; 
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Megwara and Udensi, 2014; Ofor et al., 2014; Olasehinde and Olawuyi, 2013), thereby 
validating the reliability of the present interpretation. 
 
Despite this consistency, this study further indicates that the maximum sedimentary thickness 
within the basin is less than 2.3 km. This value is below the critical threshold of 2.5–3.0 km 
generally regarded as favourable for hydrocarbon generation and accumulation (Wright et al., 
1985). Consequently, the Nupe Basin, as delineated in this study, is considered unfavourable 
for significant hydrocarbon potential, although the structural complexity and shallow 
intrusives may suggest alternative mineralization prospects. It is recommended that the 
delineated shallow magnetic bodies and associated structural features be subjected to further 
investigation for their mineralization potential. Additionally, future studies should 
incorporate aeromagnetic data with complementary geophysical methods, particularly 
gravity and seismic surveys, in order to refine and better constrain the structural framework 
of the basin. 
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