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Abstract 
This study investigates the depth and geometry of the magnetic basement and associated subsurface 
structures in Kumagannam, Yobe State, Nigeria, using high-resolution aeromagnetic data. An 
integrated workflow combining Total and Residual Magnetic Intensity (TMI and RMI) mapping, 
Source Parameter Imaging (SPI), Euler Deconvolution, and 2D forward modeling was applied to 
enhance subsurface interpretation. The RMI map successfully isolated short-wavelength anomalies 
linked to shallow geological features, such as fractures, faults, and lithologic contacts. SPI analysis 
indicated depth-to-source values ranging from less than 1 km to approximately 7.5 km, reflecting both 
shallow aquiferous zones and deeper tectonic structures. Euler Deconvolution further refined these 
results, resolving magnetic sources between 59 m and 1.2 km and revealing alignments consistent with 
NE–SW and NW–SE structural trends.The 2D forward models confirmed a faulted and blocky 
basement morphology, with depths varying from 0.1 km to 2.5 km, and demonstrated the control of 
basement structures on sediment thickness, groundwater potential, and mineralization. The findings 
underscore a structurally complex terrain where magnetic highs correspond to uplifted blocks or mafic 
intrusions, while magnetic lows mark sediment-filled depressions favorable for groundwater storage. 
Overall, the integrated aeromagnetic approach provides new insights into the geologic and 
hydrogeophysical framework of Kumagannam, with implications for tectonic reconstruction, 
groundwater development, mineral exploration, and geotechnical planning. 
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INTRODUCTION 
The exploration of subsurface geological structures is critical for understanding 
mineralization zones, groundwater reservoirs, and crustal evolution, especially in regions 
where surface mapping is limited. Aeromagnetic surveys provide a cost-effective and reliable 
tool for imaging these subsurface features by capturing variations in the Earth's magnetic field 
linked to different rock types and structural discontinuities (Barrett et al., 2020; Liao et al., 
2023; Upadhyay, 2025). Data interpretation techniques such as Euler Deconvolution and 
Source Parameter Imaging (SPI) are particularly useful for estimating the depths and 
geometries of magnetic sources, making them essential for modern geophysical investigations 
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(Ekwok et al., 2022). For instance, Osinowo and Abdumunin (2019)  and Salem and Ali (2014) 
offered insights into the mineral prospectivity of the Gongola arm of the Upper Benue Trough 
and the northwestern offshore of Abu Dhabi, respectively, by constraining the basement 
depth and structure over the basins using High high-resolution aeromagnetic data. The results 
proved that such a tool is useful in offering preliminary results that can lead to a more detailed 
investigation of the basin for hydrocarbon prospecting (Osinowo & Abdulmumin, 2019; 
Salem et al., 2014).  
 
Euler Deconvolution is a semi-automatic technique that estimates the position and depth of 
magnetic sources by solving Euler’s homogeneity equation, making it a popular method for 
regional geophysical studies (Amaral Mota et al., 2020; Souza-Junior et al., 2024). It does not 
require prior knowledge of the source geometry but relies on the assumption that magnetic 
anomalies can be modeled as simple geological bodies. On the other hand, Source Parameter 
Imaging (SPI) is a grid-based method that uses the relationship between the local 
wavenumber of the analytic signal and the depth to source, providing a rapid and automated 
depth estimation approach (Ayuba et al., 2018; Okwesili et al., 2020). These two approaches 
are estimates and so may be difficult to interpret. However, a 2-D modeling of the subsurface 
structure can be used to better constrain subsurface trend and geometry (e.g., Salem et al., 
2014).  The combination of these techniques offers a powerful workflow for depth estimation, 
reducing ambiguity and increasing interpretation reliability. 
 
Kumaganum, located in Yobe State, northeastern Nigeria, lies within the Chad Basin, an area 
characterized by a thick sequence of sedimentary rocks overlying a complex basement terrain. 
Despite its geological significance, Kumaganum remains underexplored, especially regarding 
the depth and configuration of subsurface structures that may host groundwater, minerals, or 
hydrocarbons. Given the growing need for sustainable resource management and regional 
development, detailed subsurface mapping has become increasingly important (Ahmad & Al-
Ghouti, 2020). Geologically, the region is dominated by Quaternary deposits of the Chad 
Formation, consisting mainly of unconsolidated sands, silts, and clays, underlain by Upper 
Cretaceous formations like the Fika Shale and Gombe Sandstone (Mafimisebi & Ogedengbe, 
2022; Tijani, 2023). At greater depths, these sedimentary layers overlie the Precambrian 
crystalline Basement Complex, which includes granites, gneisses, and migmatites (Adebiyi et 
al., 2022). Due to the thick sedimentary cover, subsurface structures are not readily observable 
at the surface, making aeromagnetic surveys and interpretation techniques like Euler 
Deconvolution and Source Parameter Imaging crucial for depth estimation and structural 
mapping. 
 
This paper contributes by offering a systematic depth imaging approach for Kumaganum, 
which could serve not only academic research but also practical applications such as 
groundwater exploration and environmental assessment. The findings are expected to enrich 
the geophysical database of Yobe State and support strategic decision-making for future 
development initiatives. 
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Figure 1: Geology and Location of Kumaganum showing major faults, rivers, and international boundary 

extracted from the map of Yobe State (NGSA) 

 
MATERIALS AND METHODS 
The high-resolution aeromagnetic data used in this study were acquired from the Nigerian 
Geological Survey Agency (NGSA). The data were collected in 2007 by Fugro Airborne 
Surveys using Scintrex CS-2 cesium vapor magnetometers. The airborne survey was flown at 
an average elevation of 80 meters with a 500-meter line spacing along a flight azimuth of 135°, 
and tie-lines at 225°. Before interpretation, standard corrections, including diurnal variations 
and the International Geomagnetic Reference Field (IGRF), were applied to the Total Magnetic 
Intensity (TMI) data. 
 
The corrected TMI data were imported into the Oasis Montaj software for further processing. 
Since the study area is located near the magnetic equator, a Reduction to the Equator (RTE) 
filter was applied to the TMI grid (Oladejo & Ogunkoya, 2023). This process re-centers the 
magnetic anomalies over their respective causative bodies, minimizing displacement and 
skewness that typically affect magnetic data near the equator. Derivatives of the magnetic 
field can enhance the noise and errors in the data by accentuating high-frequency 
components, which often include noise. To maximize their strengths, which include 
enhancing the structural signature within the data, a 500m upward continuation was applied 
to the RTE magnetic Data (Bem et al., 2025; Salem & Ali, 2016).  
 
Following RTE processing, a first-order polynomial trend was fitted and removed from the 
RTE magnetic data to isolate the residual field. The residual magnetic map represents the 
shorter wavelength anomalies, which are associated with shallow and local geological sources 
(Aina et al., 2021). The resulting residual data were then gridded using a minimum curvature 
interpolation method with a cell size of 150 meters to enhance visualization and further 
analysis. 
 
RESULT 
Total Magnetic Intensity (TMI) Map 
The Total Magnetic Intensity (TMI) map shows significant lateral variations in magnetic 
anomalies, reflecting the heterogeneous subsurface geology of the area. High-intensity 
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anomalies (warm colors: pink to red, >40 nT) are concentrated in the northern and 
northeastern parts (around Njikilamma and Kiursalia), likely indicating shallow, strongly 
magnetic basement rocks such as mafic intrusions or magnetite-rich lithologies. In contrast, 
low-intensity anomalies (cool colors: green to blue, <–50 nT) dominate the central and 
southern portions (around Kisoguna and Yusufari), suggesting thicker sedimentary cover, 
deeper basement, or less magnetic felsic rocks. The intermediate zones (yellow to green) mark 
transitional boundaries, possibly fault-controlled structures separating basement highs and 
lows. The anomaly distribution highlights a structurally complex terrain where the magnetic 
highs may represent basement uplifts or intrusive bodies with mineralization potential 
(Abdelrady et al., 2023), while the magnetic lows correspond to basement depressions that 
could serve as favorable sites for groundwater accumulation within the sedimentary cover 
(Walter et al., 2020). 

 
Figure 2: Total Magnetic Intensity (TMI) map of the study area showing the distribution of magnetic anomalies. 
High-intensity zones indicate magnetically susceptible basement rocks and possible intrusions, while low-intensity 
areas correspond to less magnetic or deeply buried structures. 
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Residual Magnetic Intensity Map 
The Residual Magnetic Intensity map (Figure 2) was generated after applying first-order 
regional trend removal to the RTE-corrected TMI data. The residual field highlights short-
wavelength anomalies, which are likely associated with shallow sources such as fractures, 
faults, and near-surface lithological contrasts. The residual magnetic values range from 
approximately -83.66 nT to 59.12 nT. The residual map can be subdivided into two zones 
according to the magnetic characteristics, frequencies, and amplitudes of the magnetic 
anomaly. The first zone, characterized by relatively high magnetic amplitudes greater than 
20.56 nT, is depicted in red and is encountered in the NE, SE, and parts of the SW regions of 
the study area. In the NC area and parts of the NE and NW directions, these anomalies suggest 
that these locations refer to shallow depths of magnetic sources. The residual map serves as a 
crucial basis for subsequent Source Parameter Imaging (SPI), Euler Deconvolution, and 2D 
Modelling analyses. 
 

 
Figure 3: Residual Magnetic Intensity (RES) map of the study area showing localized magnetic anomalies after 
removal of the regional field. Four profiles (A–A′, B–B′, C–C′, and D–D′) were extracted across the map to analyze 
anomaly trends and subsurface structural features. The map enhances short-wavelength magnetic variations 
linked to shallow sources such as faults, contacts, and intrusive bodies. 
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Estimation of Depth to Top Magnetic Sources 
Understanding how deep magnetic sources are located beneath the surface is essential for 
interpreting subsurface structures and guiding further exploration. Using the residual map, 
we applied two well-established depth estimation techniques- Source Parameter Imaging 
(SPI) and Euler Deconvolution to estimate the depth to subsurface magnetic bodies. SPI 
provided a continuous depth surface, while Euler Deconvolution offered discrete point-based 
depth solutions. Together, these methods helped define the structural framework of the 
subsurface, identifying zones of lithological contrast and possible tectonic features that could 
influence groundwater flow or serve as targets for further geophysical investigation for solid 
mineral deposit. 
 
Source Parameter Imaging  
SPI was performed on the residual magnetic data to estimate the depths to magnetic source 
bodies. The method involved automatic computation of the first vertical and horizontal 
derivatives, and local wavenumbers were extracted to generate SPI depth values (Ndikum et 
al., 2024). These SPI-derived depths were exported and mapped using ArcGIS Pro, providing 
a clear spatial distribution of shallow and deeper magnetic sources within the study area.  
 
The SPI depth map (Figure 4) revealed a wide range of magnetic source depths across the 
study area. The depths varied from approximately < 999 meters to 7500 meters. Shallow 
sources (< 999 m) are represented by red dots and are widely distributed, while intermediate 
depths (1000 – 2500 m) shown in yellow, occur predominantly across the central and 
southeastern parts. Deeper sources (2501 – 7500 m), marked in blue, are more sparsely located, 
with notable concentrations towards the northeastern and southwestern edges.  
 
The SPI results indicate depth values ranging from as shallow as < 999 meters to as deep as 
7500 meters, reflecting a complex basement architecture. The shallow SPI solutions dominate 
across large portions of the area, suggesting favorable conditions for the development of 
shallow groundwater systems within weathered zones or fractured rocks. In contrast, deeper 
SPI solutions highlight possible major faults, fractures, or intrusive structures, which could 
serve as deeper groundwater conduits. 
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Figure 4: Residual Magnetic Intensity (RES) map with superimposed SPI values. The colored background 
represents magnetic intensity values (nT), while the superimposed dots indicate source locations and depths 
(legend). 

 
Euler Deconvolution 
Both the Standard and located Euler Deconvolutions were applied to the residual magnetic 
map to complement the SPI results. Using calculated magnetic field gradients (dX, dY, dZ), 
Euler solutions were derived assuming a structural index of 0.5, a window size of 10 x 10 cells, 
and a tolerance of 15% (Jimoh & Bonde, 2022). Depths and locations of the magnetic sources 
were determined, filtered to remove noisy or unrealistic solutions, and the final dataset was 
visualized in ArcGIS Pro for better geological interpretation. 
 
The Standard Euler depth solutions (Figure 5) show depth estimates ranging from 59.15 
meters to 1150.14 meters. Shallow structures (60 – 550 m) shown in blue dominate the study 
area, while intermediate (550 – 800 m, red) and deeper sources (801 – 1166 m, blue) align along 
distinct linear features, suggesting major structural trends such as faults and fractures. Deeper 
solutions appear concentrated in the northwestern and central parts, especially around major 
towns like Garrarak.  
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Figure 5. Residual Magnetic Intensity (RES) map with superimposed Standard Euler Deconvolution solution 
showing depth estimates ranging from shallow (60 – 550 m), intermediate (550 – 800 m), to deeper sources (801 – 
1166 m). 

 
The located Euler solutions (Figure 6) show three major depth groups: Shallow sources (59 –
350 m) represented by blue dots, Intermediate sources (351 – 550 m) shown as red dots, deep 
sources (550 –1113 m) shown as yellow circles. The distribution reveals that shallow anomalies 
are widespread but more concentrated in the central parts, while deep-seated features are 
predominantly situated towards the north, northeast, and along distinct NE-SW and NW-SE 
corridors. The deep solutions often align with previously identified structural trends, 
highlighting zones with potential groundwater accumulation. 
 
The linear arrangement of these Euler depth solutions along distinct trends further 
emphasizes the influence of fault systems and fractures in controlling subsurface fluid 
movement (Hensen et al., 2019). Notably, zones with deeper Euler solutions coincide with 
interpreted deeper SPI values, reinforcing the interpretation of significant basement 
depressions and tectonic corridors. These areas are prime targets for groundwater 
exploration, as deep-seated faults and fractures enhance secondary porosity and permeability 
(Umeh et al., 2024). Therefore, the combination of SPI, Standard Euler, and Located Euler 
results effectively delineates both shallow and deep groundwater potential zones within the 
study area, providing a reliable basis for future detailed hydrogeophysical surveys and 
drilling programs. 
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Figure 6. Residual Magnetic Intensity (RES) map with superimposed located Euler Solutions. The colored 
background represents magnetic intensity values (nT), while the superimposed dots indicate located Euler depths. 

 
2-D Modelling 
To gain a better understanding of the subsurface structural framework of the study area, 2D 
magnetic modeling was conducted using Oasis Montaj software. This method involves 
forward modeling of magnetic profiles based on the interpretion of aeromagnetic data, 
enabling the estimation of depth to the magnetic basement and the identification of structural 
features. Four profiles were selected from various parts of the study area, each designed to 
capture lateral variations in basement depth and geometry. The resulting models offer insight 
into the contrast between the non-magnetic sedimentary cover and the underlying magnetic 
basement rocks, establishing a foundation for detailed interpretation. 
 
Profile A–A′ 
Profile A–A′ was extracted along the RES map in a southeast (SE) to northeast (NE) 
orientation, covering an approximate length of 40 km (Figure 7). The profile highlights 
significant variations in the basement surface, reflecting the tectonic and sedimentary 
structuring beneath the study area. The inversion results show a strong correlation between 
the calculated and observed magnetic anomalies, yielding a relatively low root mean square 
(RMS) error of 3.21, indicating a good model fit. The model comprises two primary units: an 
upper sedimentary layer with zero magnetic susceptibility (0 SI) and a lower unit consisting 
of Seven basement blocks, each with a magnetic susceptibility value of approximately 0.001 
SI. 
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The 2-D magnetic model along Profile A–A′ reveals a thin, non-magnetic sedimentary cover 
overlying a faulted and undulating crystalline basement. The basement blocks show varying 
depths, with shallow highs ( Bedrock 1 and 2) producing short-wavelength magnetic 
anomalies, and deeper depressions (Bedrock 3 and 7) corresponding to subdued responses. 
Susceptibility values (0.001 SI) suggest moderately magnetized basement lithologies, likely 
granitic to intermediate rocks with possible mafic intrusions along fault zones (Olorunfemi et 
al., 2020). The block-faulted geometry, marked by horst and graben structures, reflects tectonic 
deformation and controls both the distribution of anomalies and subsurface fluid pathways 
(Patruno et al., 2018). Geologically, these discontinuities may localize mineralization, and 
hydrogeologically, the deeper troughs represent potential groundwater accumulation zones, 
making the profile significant for both resource exploration and tectonic interpretation 
(Lachassagne et al., 2021). 
 

 
Figure 7: 2 – D Magnetic Modeling along profile A – A’ 

 
Profile B–B′ 
The 2-D model of Profile B–B′ (Figure 8) reveals a thin non-magnetic sedimentary cover 
overlying a faulted crystalline basement with moderate magnetic susceptibility (0.001–0.002 
SI). The basement is segmented into several fault-bounded blocks, forming a horst-and-
graben system. Shallow blocks in the west generate short-wavelength magnetic highs, while 
the central depression produces subdued responses. Towards the east, the basement rises 
again with slightly higher susceptibility, creating distinct magnetic highs and lows. The close 
fit between observed and calculated anomalies (error 3.92) confirms the reliability of the 
model. 
 
The variations in basement depth and susceptibility along B–B′ suggest lithological 
heterogeneity, likely comprising granitic to intermediate crystalline rocks with localized mafic 
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intrusions along fault zones. These structural discontinuities are significant for both tectonic 
and applied studies, they indicate repeated faulting and crustal movements that shaped the 
basement architecture, the deeper depressions (notably around 10–20 km along the profile) 
provide favorable conditions for groundwater accumulation, while the basement highs may 
restrict or redirect subsurface flow (Idris et al., 2018a). 
 

 
Figure 8: 2 – D Magnetic Modeling along profile B – B’ 

 
Profile C–C′ 
The 2-D forward model along Profile C–C′ (Figure 9) shows a thin sedimentary cover (S ≈ 0) 
underlain by a variably magnetized crystalline basement, segmented into several blocks 
(Bedrock 1–6). The basement displays significant undulations with alternating highs and 
lows, indicating fault-controlled block structures. On the western section (0–10 km), shallow 
basement blocks (Bedrock 1–3) exhibit moderate to relatively high susceptibilities (S = 0.001–
0.006 SI). The central part of the profile (10–20 km) is dominated by a deeper basement 
depression overlain by thicker sediments, resulting in subdued magnetic responses. In the 
eastern segment (20–35 km), the basement rises again (Bedrock 4–6) with lower susceptibilities 
(S = 0.001 SI), giving rise to moderate magnetic variations, the overall fit between the observed 
and calculated magnetic anomalies is good error 4.22, confirming the reliability of the 
structural interpretation. 
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 Figure 9: 2 – D Magnetic Modeling along profile C – C’ 

 
The model suggests a structurally complex basement with horst-and-graben geometry 
controlled by faulting. The high susceptibility zones in the west may reflect intrusive or 
mineralized bodies emplaced along fractures(Gobashy et al., 2023; Koide & Bhattacharji, 
1975). The central depression, overlain by thicker sediments, may act as a favorable zone for 
groundwater accumulation, while the uplifted basement blocks on the eastern and western 
flanks can restrict or redirect subsurface flow. Tectonically, the sharp contrasts in basement 
depth and susceptibility reflect crustal deformation and possible reactivation of basement 
faults (Kolawole et al., 2019). Thus, Profile C–C′ highlights both the mineralization potential 
of magnetite-rich basement rocks and the hydrogeological significance of structurally 
controlled sedimentary troughs (Kouider et al., 2023). 
 
Profile D–D′ 
The 2D magnetic model along Profile D–D′ (Figure 10) reveals a shallow cover of non-
magnetic sediments overlying a structurally complex crystalline basement that is faulted into 
several blocks (Bedrock 1–6) with varying susceptibilities (0.001–0.003 SI). The sediments are 
thickest above the down-faulted basement blocks (notably over Bedrock 2 and Bedrock 3), 
indicating depressions that are structurally favorable for groundwater accumulation, while 
shallow basement highs (Bedrock 1 and Bedrock 5) are less promising for aquifer 
development. The variation in magnetic susceptibilities suggests lithological heterogeneity, 
with higher values (Bedrock 2) likely reflecting mafic or magnetite-rich units, and lower 
values indicating felsic or weathered basement. Overall, the profile depicts a tectonically 
deformed basement terrain where basement depressions represent potential groundwater 
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targets, while magnetic highs may also hold mineral resource potential.

 
 Figure 10: 2 – D Magnetic Modeling along profile D – D’ 

 
DISCUSSION 
The aeromagnetic interpretation reveals a structurally complex subsurface architecture that 
reflects the interplay between tectonics, lithological heterogeneity, and sedimentary cover in 
the study area. The Total Magnetic Intensity (TMI) map highlights significant lateral 
variations, with high-intensity anomalies concentrated in the northern and northeastern parts. 
These highs are attributed to shallow, magnetite-bearing basement rocks and possible mafic 
intrusions, consistent with earlier studies in northeastern Nigeria where intrusive activity has 
been linked to magnetic highs and mineralization zones (Oladunjoye et al., 2025). In contrast, 
the extensive low-intensity anomalies across the central and southern sectors indicate thicker 
sedimentary cover and deeper basement depressions, which correspond to the Chad Basin 
depocenter described by (Fairhead, 1988). Such depressions are structurally significant as they 
represent favorable groundwater accumulation zones in semi-arid environments (Huang et 
al., 2019). 
 
The Residual Magnetic Intensity map refines this interpretation by removing regional trends 
and isolating shallow sources. The short-wavelength anomalies, especially in the NE and SE 
sectors, are associated with fault-bounded basement blocks and near-surface intrusions. These 
features are critical because they not only provide pathways for fluid migration but also 
represent zones of enhanced secondary porosity, which are favorable for groundwater storage 
(Li et al., 2020; Y. Wei et al., 2024). The subdued anomalies in the NC and NW sectors, on the 
other hand, suggest smoother basement surfaces or less magnetic felsic compositions. Thus, 
the residual map establishes a basis for linking structural discontinuities with hydrogeological 
potential. 
 
Source Parameter Imaging (SPI) results further illuminate the basement configuration, with 
depths ranging from 999 m to 7500 m. The dominance of shallow SPI solutions across the 
central and southeastern regions suggests widespread shallow basement that may support 
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weathered and fractured aquifer systems. Deeper SPI anomalies in the northeastern and 
southwestern sectors likely mark major fault-controlled depressions or intrusive bodies, 
which are consistent with regional tectonic subsidence and sedimentary infill of the Chad 
Basin (Ludat & Kübler, 2023). These deeper zones may also represent pathways for 
hydrothermal fluid circulation and mineralization, reinforcing the dual significance of the 
basement architecture for both groundwater and mineral resource potential (Chi et al., 2022; 
Walsh et al., 2018; H. Wei et al., 2020). 
 
Euler Deconvolution complements the SPI results by providing more detailed depth 
constraints and structural orientations. The Euler depth solutions, ranging from 59 m to over 
1100 m, align along NE–SW and NW–SE corridors, corresponding to regional Pan-African 
structural trends documented in northeastern Nigeria (Tawey et al., 2023). The clustering of 
shallow Euler solutions across the central region confirms the presence of fractured basement 
zones suitable for shallow aquifer development, while the deeper solutions correspond to 
major structural corridors that act as groundwater conduits (Medici et al., 2021). The strong 
correspondence between deep Euler anomalies and SPI-derived depths strengthens the 
interpretation of tectonically controlled basement depressions, which are critical for long-term 
groundwater sustainability (Elawadi et al., 2025). 
 
The 2D magnetic models along selected profiles provide further insight into the geometry and 
lithological variability of the basement (Oni et al., 2020). Across all profiles, the basement is 
segmented into horst-and-graben structures with susceptibility values ranging between 0.001 
and 0.006 SI, indicative of granitic to intermediate rocks intruded by more magnetic mafic 
units (Oha et al., 2016). Profile A–A′ highlights alternating basement highs and lows, 
suggesting block-faulting and tectonic segmentation, while Profile B–B′ demonstrates a 
central basement depression that is particularly favorable for groundwater accumulation. 
Profile C–C′ reveals high susceptibility bodies in the west that may represent mineralized 
intrusions, alongside a deep sediment-filled trough with aquifer potential. Profile D–D′ 
emphasizes lithological heterogeneity, with felsic and mafic basement rocks juxtaposed along 
faulted blocks, again showing that down-faulted depressions are the most promising zones 
for groundwater. These block-faulted geometries are consistent with crustal deformation and 
reactivation of basement structures reported elsewhere in the West African basement complex 
(Falufosi & Osinowo, 2021; Pindell & Heyn, 2022). 
 
Taken together, the TMI, Residual, SPI, Euler, and 2D modelling results point to a tectonically 
deformed basement terrain characterized by horst-and-graben structures, mafic intrusions, 
and fault-controlled depressions. From a geological perspective, the magnetic highs represent 
uplifted basement and intrusive bodies with mineralization potential, while the magnetic 
lows mark thick sedimentary troughs formed by tectonic subsidence (Eppelbaum et al., 2023; 
Eze et al., 2024). Hydrogeologically, the structurally controlled depressions and fractured 
basement zones act as prime targets for groundwater accumulation, whereas basement highs 
restrict flow but may channelize groundwater along fault zones (Idris et al., 2018b). The 
integration of aeromagnetic methods therefore provides a robust framework for both resource 
exploration and groundwater assessment in basement–sedimentary transition zones. 
 
CONCLUSION 
The integration of Total and Residual Magnetic Intensity maps, Source Parameter Imaging, 
Euler Deconvolution, and 2D forward modelling has effectively delineated the magnetic 
basement and structural framework of Kumagannam, Yobe State. The results highlight a 
tectonically deformed basement segmented into horst-and-graben structures, with depth-to-
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source estimates ranging from tens of meters to over 7 km. Magnetic highs correspond to 
uplifted basement blocks and possible mafic intrusions, while magnetic lows reflect fault-
controlled depressions filled with sediments. These depressions are structurally significant as 
they represent favorable groundwater storage zones, while the highs may indicate areas of 
mineralization potential. The alignment of Euler depth solutions along NE–SW and NW–SE 
corridors further confirms the influence of Pan-African structural trends and basement 
reactivation on the subsurface architecture. The 2D forward models validated these 
interpretations by demonstrating block-faulted geometries, variable susceptibilities, and 
contrasting basement depths. Collectively, the multi-method aeromagnetic approach 
enhances the geological and hydrogeophysical understanding of the area, offering insights 
relevant to groundwater development, mineral exploration, and regional tectonic studies. The 
study underscores the importance of integrating aeromagnetic techniques for mapping 
basement architecture in basement–sedimentary transition zones, providing a robust 
framework that can guide future exploration and infrastructure planning in Kumagannam 
and similar terrains. 
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