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Abstract 
 

The Yola Arm of the Upper Benue Trough in Nigeria is a geologically complex region with limited subsurface data, hindering a detailed 

understanding of its basement configuration and sedimentary architecture. This study employs high-resolution aeromagnetic data to esti-

mate basement depths and characterize subsurface structural variations using both spectral analysis and Source Parameter Imaging (SPI). 

The aeromagnetic data were processed with standard corrections, Reduction to the Equator (RTE), and regional-residual separation to 

enhance anomaly interpretation. Spectral analysis of 28 overlapping blocks identified shallow magnetic sources ranging from 0.10 to 

0.95 km (average 0.55 km), typically associated with intrusive bodies or mineralized zones, and deeper sources from 0.70 to 3.20 km 

(average 1.95 km), likely corresponding to structural depressions and variable sediment thickness. SPI results revealed depths from 160 

m to over 3,400 m, highlighting significant basement heterogeneity. Depth variations are consistent with fault-controlled horst-and-

graben structures, reflecting rift-related tectonics and differential sediment accumulation. Integration of the spectral and SPI methods 

provides a reliable characterization of basement morphology, indicating basement uplifts in the northwestern and central areas and deep-

er sub-basins in the southeastern parts. 
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1. Introduction 

The Upper Benue Trough, including the Yola Arm, has attracted considerable geological and geophysical interest due to its complex 

tectonic evolution as part of the West and Central African Rift System and its structurally controlled sedimentary architecture typical of 

rift basins [1 - 3] However, direct subsurface information from drilling remains sparse across large portions of the basin, limiting detailed 

understanding of its basement configuration and sedimentary architecture. As a result, potential field methods, especially aeromagnetic 

surveys, have become an effective and cost-efficient tool for regional subsurface mapping. [4], [5]. Information on basement morphology 

and sediment thickness is essential for understanding basin evolution and tectonic setting in sedimentary basins. [4], [6 - 8]. 

Magnetic surveys explore subsurface geology by detecting anomalies in the Earth’s magnetic field caused by differences in the magnetic 

properties of underlying rocks.[8 - 10]. These variations are widely used to delineate faults, fractures, intrusions, and basement relief, as 

well as to estimate the depth to magnetic sources. [7], [11], [12]. Advances in data interpretation have led to the development of several 

quantitative techniques, including spectral analysis, Source Parameter Imaging (SPI), Euler deconvolution, and inversion-based methods, 

which enhance the reliability of subsurface characterization. [12], [13]. Among these techniques, spectral analysis is a widely applied 

frequency-domain approach for estimating average depths to ensembles of magnetic sources based on the energy spectrum of aeromag-

netic data [14 - 17]. In contrast, Source Parameter Imaging (SPI) provides spatially continuous depth estimates derived from local wave-

number analysis, allowing rapid mapping of magnetic source depths across a study area. [18], [19]. The combination of spectral analysis 

and SPI provides complementary advantages, where spectral methods yield regional depth averages while SPI offers higher spatial reso-

lution of depth variations. 

Previous geophysical investigations in the Benue Trough have applied aeromagnetic methods to delineate basement structure and sedi-

mentary architecture, revealing depth variations consistent with rift-related tectonic processes [20], [21]. However, detailed integrated 
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applications of spectral analysis and SPI focused on the Yola Arm remain limited. This study, therefore, applies both methods to high-

resolution aeromagnetic data to estimate basement depth and characterize subsurface structural variations within the study area. 

2. Location and Geological Setting of The Study Area 

The area of study (Fig.1) lies within the Upper Benue Trough between latitudes 9°00′00″ to 10°00′00″ N and longitudes 11°30′00″ to 

13°00′00″ E, covering roughly 18,481.5 km², and is geologically characterized by a complex assemblage of Precambrian Basement 

Complex rocks overlain by Cretaceous sedimentary successions. The crystalline basement is composed predominantly of gneiss, migma-

tite, augen gneiss, granite gneiss, hornblende granite, and coarse- to medium-grained granitic intrusions, which represent metamorphosed 

metasedimentary sequences and older granitoids that have undergone intense deformation, metamorphism, and magmatic reworking 

during Precambrian tectonothermal events [22 - 24]. The augen gneisses within the basement complex typically display characteristic 

eye-shaped feldspar porphyroclasts produced by strong ductile deformation during regional metamorphism. [24], [25]. 

These Precambrian basement rocks are unconformably overlain by Albian-Cretaceous sedimentary units of the Benue Trough, notably 

Bima Sandstone, Yolde Formation, and Dukul Formation, together with associated shale, limestone, and calcareous sandstone facies. 

[22], [23], [26]. The Bima Sandstone forms the basal sedimentary unit of the Benue Trough and rests directly on the crystalline base-

ment. It is widely interpreted as being derived largely from granitic source terrains and commonly exhibits feldspathic lower beds that 

grade upward into less feldspathic sandstones. [22], [23]. 

The lower parts of the sedimentary succession in the Yola Arm are dominated by calcareous sandstone and shale, indicating a transition 

from continental fluvial depositional environments to shallow marine conditions. Localized limestone interbeds near the base mark the 

Yolde Formation, which signifies the onset of marine transgression into the basin.[22], [26]. Overlying units such as the Dukul For-

mation reflect continued marine influence and progressive basin subsidence during the Cretaceous.[26]. 

In more recent times, Quaternary alluvial deposits occur along major drainage channels within the Yola Arm. These deposits consist of 

unconsolidated sands, silts, and clays formed through weathering and erosion of both Precambrian basement rocks and the overlying 

Cretaceous sedimentary formations. [22]. 

 

 
Fig. 1: Geological Map of the Study Area: Map Showing Lithologies Including Cretaceous-Albian Sediments, Hornblende Granite, Granite Gneiss, and 

Coarse-to-Medium Grained Granite. Water Bodies, Roads, and Settlements Are Indicated. The Inset Shows the Study Area Location within Nigeria. 

3. Materials and Methods 

This study utilized high-resolution aeromagnetic data covering sheets 174 (Guyuk), 175 (Shelleng), 176 (Zummo), 195 (Dong), 196 

(Numan), and 197 (Gerei), obtained from the Nigerian Geological Survey Agency (NGSA). The data were acquired between 2003 and 

2009 by Fugro Airborne Surveys using airborne magnetic surveying techniques. Processing and interpretation were carried out using 

Geosoft Oasis Montaj™ 8.4 software. Standard preprocessing corrections were applied during data acquisition, including compensation 

for diurnal variations and removal of the Earth’s main magnetic field using the Definitive Geomagnetic Reference Field (DGRF-2005), 

ensuring that the dataset represents only crustal magnetic anomalies [8], [13]. To enhance anomaly interpretation, the data were further 

processed using Reduction to the Equator (RTE) and regional-residual separation techniques. Since the study area is located in a low 

magnetic latitude region, RTE was applied to correct for the effects of magnetic inclination and declination, thereby repositioning 

anomalies closer to their causative sources and reducing asymmetry in the magnetic field [27]. The transformation was implemented 

using a two-dimensional Fast Fourier Transform (2D-FFT), assuming an inclination of -5.5° and a declination of -1.5°. Following pre-

processing, two complementary depth estimation techniques, spectral analysis and Source Parameter Imaging (SPI), were applied to 

characterize the magnetic basement. For spectral analysis, the residual magnetic intensity (RMI) map was subdivided into 28 overlapping 

square blocks to capture spatial variations in basement depth. For each block, radial power spectrum analysis was carried out using the 

MAGMAP filtering module in Oasis Montaj, generating plots of spectral energy versus frequency (cycles/km). The resulting spectral 

outputs were exported to MATLAB, where logarithmic plots of spectral energy against frequency were generated. These plots revealed 
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two dominant linear segments corresponding to shallow (high-frequency) and deep (low-frequency) magnetic sources. The slopes of 

these segments were extracted and used to compute depths to magnetic sources based on standard spectral depth relationships. 

In addition, Source Parameter Imaging (SPI) was applied to provide spatially continuous depth estimates across the study area. SPI is 

based on local wavenumber analysis of the magnetic field and allows automatic estimation of depth to magnetic sources from gridded 

aeromagnetic data. The Residual Magnetic intensity data were processed within Oasis Montaj using the SPI module, which computes the 

local wavenumber from first and second horizontal and vertical derivatives of the magnetic field. Depth estimates were then generated 

automatically for each grid cell, producing a continuous depth-to-source map. This approach enables rapid identification of both shallow 

and deep magnetic sources and complements the block-based spectral analysis by providing higher spatial resolution of structural varia-

tions. The integration of spectral analysis and SPI allowed for both regional averaging of depth estimates and detailed spatial mapping of 

basement relief, thereby improving the reliability and geological interpretation of subsurface structures within the study area. 

3.1. Depth to magnetic sources estimation 

Basement depth estimation in this study was performed using the radially averaged power spectrum method. [16], [17]. The analysis was 

conducted on the residual magnetic field, which enhances anomalies associated with subsurface magnetic sources while suppressing 

regional trends. The method is based on the principle that the spectral content of magnetic anomalies is directly related to the depth of 

their causative bodies. To utilize this relationship, the magnetic data were transformed from the spatial domain into the wave-number 

domain using the Fourier transform, allowing the distribution of anomaly energy with respect to frequency to be examined. 

For a simple magnetic source, the amplitude spectrum decays exponentially with increasing wave number: 

 

F(ω) = exp−hω                                                                                                                                                                                             (1) 

 

Where F(ω) is the amplitude spectrum, ω is the angular wave number (rad/km), and h is the depth to the top of the magnetic source (km). 

For a source with finite thickness (e.g., a prism), the spectral response incorporates contributions from both the upper and lower bounda-

ries: 

 

F(ω) = exphtω-exphbω                                                                                                                                                                                 (2) 

 

Where ht and hb represent the depths to the top and bottom of the source, respectively. These expressions indicate that deep-seated 

sources dominate the low wave-number region, whereas shallow sources contribute to higher wave numbers. 

The energy spectrum, E(k), is proportional to the square of the amplitude spectrum: 

 

E(K) = |F(K)|2                                                                                                                                                                                              (3) 

 

Taking the natural logarithm gives: 

 

lnE(k) =  −2hk +  C                                                                                                                                                                                    (4) 

 

Where k is the wave number (cycles/km), h is the average depth to the source ensemble, and C is a constant. 

This linear relationship forms the basis of spectral depth estimation. The slope m of the straight-line segment on a plot of lnE(k) versus k 

is: 

 

m =  −2h                                                                                                                                                                                                       (5) 

 

The natural logarithm formulation was adopted in this study; hence, depth was estimated from the slope using:  

 

h = −
m

2
                                                                                                                                                                                                          (6) 

 

In practice, two distinct linear segments are commonly observed, corresponding to shallow and deep magnetic sources. Their depths are 

estimated using: 

 

 Z1 = −
m1

2
                                                                                                                                                                                                      (7) 

 

 Z2 = −
m2

2
                                                                                                                                                                                                      (8) 

 

Where m1 and m2 are the slopes of the respective segments, Z1 and Z2 represent shallow and deep source depths.  

The radially averaged power spectrum was computed for selected data windows. The linear segments were identified from the low- and 

high-wave-number portions of the log-spectrum, representing deep and shallow source ensembles, respectively, and their slopes were 

computed using least-squares linear regression. The resulting depth estimates Z1 and Z2 were interpolated and contoured using Surfer 29 

to produce maps of shallow and deep basement configurations.  

3.2. Source parameter imaging (SPI) 

To validate the basement depths derived from spectral analysis, the Source Parameter Imaging (SPI) technique was applied as an inde-

pendent validation method. SPI is particularly effective for aeromagnetic data in low-latitude regions because its depth solutions are not 

significantly influenced by magnetic inclination, declination, or remanent effects [19], [28]. 

The method is based on the analytical signal, which combines horizontal and vertical derivatives of the magnetic field: 

 

A (x, z) =  
∂B(x,z)

∂x
− j

∂B(x,z)

∂z
                                                                                                                                                                           (9) 
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Where B(x,z) represents the total magnetic intensity, and x and z denote the horizontal and vertical coordinates, respectively. The ampli-

tude of this signal enhances anomaly boundaries, while its phase contains information related to source geometry. 

This complex quantity can also be represented in exponential (polar) form: 

 

A (𝑥, 𝑧)  = /𝐴/ 𝑒𝑥𝑝 (𝑗𝜃)                                                                                                                                                                             (10) 

 

Where│A│ =√(
𝜕𝐵

𝜕𝑥
)

2
+ (

𝜕𝐵

𝜕𝑦
)

2
 corresponds to the magnitude of the analytical signal, while θ defines its phase angle, given by θ = 

𝑡𝑎𝑛−  [
𝜕𝑇/𝜕𝑧 

𝜕𝑇/𝜕𝑥
].  

To further characterize the spatial variation of the magnetic field, Thurston and Smith (1997) introduced the concept of local frequency f, 

which describes how rapidly the phase changes along the horizontal direction: 

 

𝑓 =  
1

2𝜋

𝜕

𝜕𝑥
𝑡𝑎𝑛−1  [

𝜕𝑇/𝜕𝑧 

𝜕𝑇/𝜕𝑥
]                                                                                                                                                                            (11) 

 

Depth estimation in SPI relies on the local wavenumber K, derived from the spatial variation of the analytical signal phase:𝐾 = 2𝜋𝑓 

 

𝐾 =  
1

│𝐴│ 2
(

𝜕2𝐵 

𝜕𝑥𝜕𝑧

𝜕𝐵 

𝜕𝑥
− 

𝜕2𝐵 

𝜕𝑥2

𝜕𝐵 

𝜕𝑧
)                                                                                                                                                                  (12) 

 

The depth of the magnetic source was obtained from the inverse of the maximum local wavenumber: 

 

ℎ =
1

𝐾𝑀𝑎𝑥
                                                                                                                                                                                                       (13) 

 

Thus, zones characterized by high wavenumber values correspond to shallow magnetic sources, whereas lower values indicate deeper 

basement configurations. [19]. 

4. Results and Discussion 

The TMI map (Fig.2) displays variation in magnetic intensity, with anomalies ranging from 31178.39 nT to 31355.91nT, highlighting 

both high and low magnetic intensity zones throughout the study region. These variations in magnetic signals are influenced by factors 

such as rock susceptibility, depth to the magnetic source, structural strike, and remnant magnetization.[29], [30]. High-intensity zones, 

marked in red, likely correspond to regions with dense, magnetically strong rocks, such as iron-rich formations or mafic intrusions.[4], 

[31], while low-intensity zones (blue and purple) suggest areas with less magnetic material, possibly sedimentary rocks or weathered 

formations[31]. 

 

 
Fig. 2: Total Magnetic Intensity (TMI) Map of the Study Area: This Map Shows the Spatial Distribution of Total Magnetic Intensity Across the Study 
Area. Towns Are Marked with Black Dots, and the Colour Gradient Indicates Variations in Magnetic Field Strength (nT). Latitude And Longitude Coor-

dinates, A Scale Bar, A North Arrow, and A Legend Are Included for Reference. 

 

The RTE map (Fig.3), which accounts for the Earth's magnetic field inclination, shows anomalies within the intensity range of 31185.80 

nT to 31349.46 nT. By reducing the effects of inclination, the RTE map provides a clearer picture of the underlying geological structures. 

The anomalies in this map are more aligned, with linear patterns often corresponding to tectonic features such as fault zones or mineral-

ized zones.  
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Fig. 3: Reduction to the Magnetic Equator Map of the Study Area: This Map Displays the Magnetic Anomaly Distribution After Reduction to the Magnet-

ic Equator. Coloured Gradients Represent Variations in Magnetic Intensity (nT), While Black Dots Indicate Settlements. The Map Includes Latitude and 

Longitude Coordinates, A North Arrow, A Scale Bar, and A Legend for Reference. 

 

The structural trends in the RTE map further emphasize the role of regional tectonic forces, particularly the NW-SE, N-S, and E-W ori-

entations, in shaping the magnetic anomalies. 

The Residual Magnetic Intensity (RMI) map (Fig.4), which isolates local anomalies by removing the regional magnetic trend, shows a 

range of intensities from -76.33 nT to 100.84 nT. Positive residual anomalies indicate strong localized magnetic sources, such as intru-

sive bodies or mineralized zones, while negative residual anomalies suggest weak or deeper sources, possibly related to sedimentary 

rocks or deeply buried structures. [32], [33]. The sharp contrasts between high and low residual intensities highlight fault zones or geo-

logical contacts, while the more diffuse anomalies suggest areas of overlapping or complex magnetic sources.[34], [35]. 

 

 
Fig. 4: Residual Magnetic Intensity Map of the Study Area: This Map Shows the Residual Magnetic Anomalies After Regional Field Removal. Colour 
Gradients Indicate Variations in Residual Magnetic Intensity (nT), While Black Dots Represent Settlements. The Map Includes Latitude and Longitude 

Coordinates, A Scale Bar, A North Arrow, and A Legend for Reference. 

 

The Spectral analysis revealed two distinct depth categories corresponding to shallow and deep magnetic sources, reflecting subsurface 

structural variations, with high-frequency components associated with shallow sources and low-frequency components linked to deeper 

sources, consistent with [8], [16]. The shallow magnetic sources range from 0.10 to 0.95 km, averaging 0.55 km, where deeper shallow 

anomalies (0.70-0.95 km) are interpreted as near-surface intrusions or structurally controlled features, moderately shallow sources (0.35-

0.60 km) are associated with faults, fractures, or layered sedimentary units, and very shallow sources (0.10-0.35 km) reflect near-surface 

magnetic variations [7], [13]. The deeper magnetic sources range from 0.70 to 3.20 km, with an average depth of 1.95 km, representing 
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the magnetic basement configuration, where depths of 2.70-3.20 km indicate basement depressions or sub-basins, 1.70-2.45 km corre-

spond to faulted or dipping basement blocks, and 0.70-1.50 km suggest uplifted basement or intrusive features [20], [36]. 

Spatial depth variations observed in spectral plots (Fig.5), contour maps (Fig.6 and Fig.7), and 3D modelling (Fig.8) indicate a structural-

ly complex and heterogeneous basement morphology, with undulating surfaces reflecting faults, folds, and block faulting associated with 

tectonic deformation. [37], [38]. These variations are consistent with a fault-controlled rift system typical of the Benue Trough, where 

alternating shallow and deep basement zones reflect horst and graben architecture formed by extensional tectonics and differential sub-

sidence. [20], [37], [39]. The deeper zones represent fault-controlled structural depressions that influenced sediment accumulation, while 

shallower zones correspond to basement uplifts or structural highs, indicating reduced sediment thickness and possible uplift or inver-

sion. [1]. The alignment of these depth variations further suggests regional structural trends linked to known tectonic lineaments that 

contributed to basin evolution, segmentation, and deformation. [38], [39]. Graphs showing the logarithm of spectral energy plotted 

against frequency (cycles/km) for blocks 1, 2, 8, 9, 10, 11, 27, and 28 are shown in Fig.5. 
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Fig. 5: Plots of the Logarithm of Spectral Energy Versus Frequency (Cycles/Km): the Plots Show the Logarithm of Spectral Energy Versus Frequency 
(Cycles/Km) for Blocks 1, 2,8,9,10,11, 27, and 28. Shallow and Deep Source Depths Are Estimated From The High- and Low-Frequency Slopes of the 

Spectrum, Respectively, with Shallow Sources Indicated in Blue and Deep Sources in Red. 

 
Table 1: The Calculated Depths for Both Deep and Shallow Magnetic Sources for Blocks 1-28 

S/No Spectral Block Longitude(°) Latitude(°) Deep Sources(D1)Km Shallow Sources(D2)Km 

1 Block 1 11.6 9.2 1.83 0.69 
2 Block 2 11.8 9.2 1.83 0.50 

3 Block 3 12 9.2 2.04 0.40 

4 Block 4 12.2 9.2 2.75 0.41 
5 Block 5 12.4 9.2 2.63 0.43 

6 Block 6 12.6 9.2 2.80 0.23 

7 Block 7 12.8 9.2 2.71 0.14 
8 Block 8 11.6 9.4 2.49 0.40 

9 Block 9 11.8 9.4 2.42 0.31 

10 Block 10 12 9.4 2.13 0.35 
11 Block 11 12.2 9.4 2.86 0.33 

12 Block 12 12.4 9.4 3.26 0.30 

13 Block 13 12.6 9.4 2.98 0.20 
14 Block 14 12.8 9.4 2.45 0.17 

15 Block 15 11.6 9.6 2.25 0.23 

16 Block 16 11.8 9.6 1.11 0.25 
17 Block 17 12 9.6 1.49 0.32 

18 Block 18 12.2 9.6 2.84 0.28 
19 Block 19 12.4 9.6 2.99 0.40 

20 Block 20 12.6 9.6 2.84 0.75 

21 Block 21 12.8 9.6 2.66 0.88 
22 Block 22 11.6 9.8 2.66 0.88 

23 Block 23 11.8 9.8 0.83 0.39 

24 Block 24 12 9.8 1.20 0.57 
25 Block 25 12.2 9.8 2.33 0.30 

26 Block 26 12.4 9.8 2.80 0.23 

27 Block 27 12.6 9.8 2.09 0.94 
28 Block 28 12.8 9.8 2.25 0.91 

 

 
Fig. 6: Depth to Shallow Magnetic Sources Map of the Study Area: Contour Map Showing Estimated Depths to Shallow Magnetic Sources Across the 

Study Area. Depths (Km) Are Represented by Colour Gradients from 0.1 Km (Purple) To 0.95 Km (Red). Latitude and Longitude Coordinates, A Scale 
Bar, and A North Arrow Are Included for Spatial Reference. 
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Fig. 7: Depth to Deeper Magnetic Sources Map of the Study Area: Contour Map Showing Estimated Depths to Shallow Magnetic Sources Across the 
Study Area. Depths (Km) Are Represented by Colour Gradients from 0.7 Km (Purple) to 3.2 Km (Red). Latitude and Longitude Coordinates, A Scale Bar, 

and A North Arrow Are Included for Spatial Reference. 

 

 
Fig. 8: 3-D Surface Model of Deeper Magnetic Source Depth of the Study Area: Three-Dimensional Surface Showing the Estimated Depths to Deeper 

Magnetic Sources Across the Study Area. Depths (Km) Are Represented by A Colour Gradient from 0.9 Km (Green) to 3.2 Km (Blue). Latitude and 
Longitude Coordinates Are Indicated Along the Axes for Spatial Reference. 

 

The Source Parameter Imagery depth map (Fig.9) reveals spatial variation in depths to magnetic sources ranging from approximately 160 

m to over 3400 m, indicating significant basement heterogeneity within the study area. This range is consistent with depths typically 

resolved using SPI techniques in sedimentary basins.[19]. Shallow depths (160-800 m), observed mainly in the northwestern and parts of 

the central area, suggest basement uplift or thin sedimentary cover. Such shallow magnetic sources are commonly associated with base-

ment highs or near-surface intrusions. [40]. Intermediate depths (800-1700 m) dominate the central region and represent transitional 

zones with moderate sediment thickness, reflecting relatively stable structural blocks. Deeper sources (1700-3400 m), concentrated in the 

eastern and southeastern sectors, indicate basement depressions or sub-basins associated with thicker sediment accumulation. 

 

 
Fig. 9: Source Parameter Imagery Map of the Study Area: This Map Represents Subsurface Magnetic Source Depths Estimated Using Source Parameter 

Imagery (SPI). Depths (m) Are Shown with A Colour Gradient from Shallow (164 m, Blue) to Deep (3,440 m, Pink). The Map Includes Latitude and 
Longitude Coordinates, A North Arrow, and A Colour Scale for Reference. 
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These deeper zones are typically linked to fault-controlled subsidence and rift-related basin development, as documented for the Benue 

Trough. [20]. Sharp lateral depth contrasts imply the presence of faults or structural discontinuities, reflecting a basement architecture 

characterized by uplifted and down-faulted blocks (horst-graben systems), a structural style widely reported in rift environments. [37]. 

The basement depths obtained in this study from spectral analysis (0.10-3.20 km) and SPI (0.16-3.40 km) are consistent with previous 

estimates in the Upper Benue Trough, which generally range from about 0.26 km to over 4.3 km. [21], [41], [42]. Earlier studies similar-

ly report shallow sources around 0.5-1.5 km and deeper basement levels between 1.5 km and 3.5 km, with thicker sediment accumulation 

in structurally deeper parts of the basin, particularly toward the southeastern region. [14]. Minor differences in depth values may result 

from variations in data resolution, methodological approaches, spectral window selection, and interpretation techniques, with SPI offer-

ing improved resolution of shallow structures. 

5. Conclusion 

This study demonstrates the applicability of spectral analysis and Source Parameter Imaging (SPI) for characterizing basement depth and 

structural variations in the Yola Arm of the Upper Benue Trough. The results indicate a heterogeneous basement, with shallow magnetic 

sources (0.10-0.95 km) likely corresponding to basement highs or near-surface intrusions, and deeper sources (0.70-3.20 km) associated 

with structural depressions and thicker sedimentary cover. Depth estimates from both methods are generally consistent, although minor 

discrepancies reflect methodological differences, data resolution, and spectral window selection, highlighting inherent uncertainties in 

geophysical depth estimation. The observed basement morphology exhibits features consistent with horst and graben structures typical of 

rift-related tectonics, suggesting complex structural control on sediment distribution. While the results provide valuable regional insights, 

the study is limited by the spatial resolution of the aeromagnetic data and the reliance on indirect geophysical interpretations. Hence, 

these findings should be considered as a preliminary characterization of basement architecture, forming a basis for further detailed geo-

physical investigations in the region. 
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