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Abstract: This study takes a close look at high-resolution aeromagnetic data to map out
structures, porphyry-style mineralization systems, and the basement configuration in
parts of northwestern Nigeria, specifically the Maru, Anka, and Zuru schist belts, along
with the nearby Sokoto Basin. The total magnetic intensity data was processed through
upward continuation and reduced to the pole, then enhanced using various techniques
like analytic signal, first vertical derivative, the application of 3D Euler deconvolution and
the Centre for Exploration Targeting (CET) structural and porphyry plug-ins. We
constructed three 2D magnetic models along profiles across the basin margin using GM-
SYS to better understand the basement relief beneath the sedimentary cover. The analytic
signal and first vertical derivative maps effectively distinguish a weakly magnetic
sedimentary area in the west from a strongly magnetic basement terrain in the east,
revealing major lineaments that primarily trend WNW-ENE, NE-SW, NNE-SSW, and NW-SE.
The CET structural density mapping points out zones with high and very high structural
densities, while the CET porphyry analysis identifies circular to subcircular magnetic
centres that align with these structurally complex areas. Euler solutions suggest that most
depth ranges in the basement sector are shallower than 450 m, with some deeper solutions
found beneath the sedimentary basin. The 2D models indicate sediment thickness ranging
from about 0.55 to 1.2 km over a gently undulating crystalline basement. The combined
results highlight several structurally prepared, alteration-related targets that show
promise for gold and Pb-Zn mineralization in both the schist belt basement and the Sokoto
Basin margin.

Keywords: High-resolution aeromagnetic data, Sokoto Basin, Maru-Anka-Zuru schist belts,
porphyry-style mineralization, gold and Pb-Zn mineralization

INTRODUCTION

Aeromagnetic survey is a strong, rapid, cost-effective, and versatile geophysical approach
for identifying subsurface geological structural lineaments. This capability arises because
aeromagnetic data can detect changes in the magnetic field caused by changes in magnetite
within the constituent rocks (Suleiman, 2025; Faruwa et al., 2021; Lawa et al., 2021; Salawu
et al., 2020; Gafaar, 2015 and 2012; Ge et al., 2020). For several decades, the airborne
magnetic method has been applied worldwide to delineate structure within the basement,
which is a prevalent feature that controls ore mineralization (Ohaegbuchu et al., 2025;
Gaafar, 2015; 2014; Faruwa et al., 2021). It has also proven effective in mapping geologic
structures associated with orogenic gold deposits (Olomo et al., 2022a).

Structural features such as faults, joints, shearing, and fractures originating from
tectonic processes and hydrothermal fluid migration have been successfully employed as
efficient indicators in the characterization of ore bodies (Li et al., 2025; Guo et al., 2024;
Chang et al., 2024; Han et al., 2024; Pan et al., 2023; Sternberg, 2023; Yang et al., 2023;
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Guillou-Frottier et al., 2023; Zhao, 2023). These structures play vital roles in the
mobilization, concentration, and emplacement of major gold deposits. Structures are
essential in mineral ore exploration, groundwater evaluation, geothermal research, warm
spring analysis, and dam design, as they facilitate the movement of hydrothermal fluids
within the subsurface (Maarifa et al., 2024; Liu et al., 2024; Dou et al., 2024; Gadge et al.,
2023). The deduction of the presence of mineral ore in an environment is done by identifying
the characteristics of magnetic anomaly responses to structures that host minerals (Fedi,
2002; Ohaegbuchu et al., 2025; Schwarck et al., 2025; Heincke et al., 2025; Li et al., 2025;
). In mineral exploration, particularly within hydrothermal alteration terrains, magnetic
data is used to accentuate structural regimes and delineate suitable pathways that may
have facilitated hydrothermal fluid circulation and subsequent mineral accumulation
(Tulepbayev and Tulemissova, 2025; Kang and Guan, 2025; Ohaegbuchu et al., 2025). An
ore can be identified by the environment of its emplacement (deposition) or by noting the
pattern of alteration, which is a way of assessing responses to mineralization within
hydrothermal alteration zones (Mindiashvili et al., 2025; Zaccarini et al., 2025). As put
forward by Zaccarini et al. (2025), and Kang and Guan (2025), hydrothermal alteration
produced an outstanding magnetic response feature that is far different from geological
fabric that has not been affected by hydrothermal alteration. Given the significant
structural influence on the distribution of magnetic minerals, airborne magnetic data has
become one of the most widely used tools for uncovering subsurface geological structures
linked to mineralization (Ohaegbuchu et al., 2025). When integrated with complementary
geoscientific approaches, magnetic datasets have successfully revealed subsurface evidence
of mineralization, alteration zones, and structurally controlled targets (Tulepbayev and
Tulemissova, 2025; Kossov et al., 2025; and Shi et al., 2025). The occurrence of ore minerals
in Nigeria has long been understood to be controlled by geological structures that act as
conduits for mineralization fluids, allowing them to solidify within the host rock
(Ohaegbuchu et al., 2025; Idriss, 2025).

Nigeria's rich mineral resources occur throughout the country, most of which are
found within the northwest and southwest portions of the country in the schist belts (Narimi
et al., 2025; Alabi et al., 2025; Usman et al., 2025; Ganiyu et al., 2025; Emumejaye et al.,
2025; NGSA, 2006). These schist belts consist of metamorphosed sedimentary rocks and low-
grade volcanic formations that have experienced deformation, making them ideal
candidates for hosting mineral systems that are controlled by structural features (Suleiman,
2025; Ugwu and Ekwueme, 2025; Adebayo et al., 2025).

Numerous studies have examined the Nigerian Western Schist Belt to identify
structural features and hydrothermal alteration zones linked to gold mineralization.
(Adejuwon et al., 2025; Suleiman, 2025; Okpoli et al., 2025; Manekator and Aigbedion,
2025; Oghonyon and Nnurum, 2025; Ogah and Abubakar, 2024; Akinlalu, 2023; Augie et al.,
2024; Salako et al., 2024; Augie et al., 2022a; Augie et al., 2022b; Umaru et al., 2022; Aliyu
et al., 2021; Arogundade et al., 2021). Suleiman et al. (2025) used aeromagnetic data to
delineate structures linked to gold mineralization in northwest Nigeria. Narimi carried out
integrated aeroradiometric and XRF techniques to map mineralized and hydrothermally
altered zones in Zamfara and its surrounding areas. Okpoli et al. (2025) integrated
geological, geophysical, and geochemical methods to characterize gold mineralization at
Owu in the Kushaka-Kusheriki schist belt. Umaru et al. (2022) used aeromagnetic and
aeroradiometric data to map lithology, structures, and hydrothermal alteration zones in
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Kaiama, NW Nigeria, targeting gold mineralisation. Also, Aliyu et al. (2021) used airborne
magnetic and radiometric data to investigate gold-hosting structures in the Bida Basin and
Zungeru-Schist Belt, Niger State. Adejuwon et al. (2025) integrated airborne magnetic,
radiometric, and ground geophysical surveys to identify linear structures in Birnin Gwari,
NW Nigeria, interpreted as potential ore-hosting veins. Salako et al. (2024) analyzed
airborne magnetic and radiometric data to map gold potential zones in southern Kebbi State,
Nigeria. Also, Augie et al. (2022a) analyzed high-resolution aeromagnetic data to delineate
gold-hosting structures in the middle parts of the Anka Schist Belt. Augie et al. (2022b) also
mapped magnetic signatures in southern Kebbi State to delineate structures potentially
hosting gold mineralization. Most of the reviewed studies focus on structurally controlled
gold within schist belts, with limited attention to porphyry-style mineralization systems.
Porphyry-related magnetic signatures (e.g., concentric patterns, magnetite halos) are not
specifically targeted or interpreted. Hydrothermal alteration was assessed via radiometric
methods, with minimal use of magnetic destruction zones. Porphyry systems are absent.
There's a lack of integration between magnetic data, alteration zoning, and porphyry
diagnostics for precise gold targeting, and all these are applied in this study.

The research on the sedimentary section in this study area is still quite
underdeveloped, as most existing studies have mainly concentrated on the basement
complex. As a result, we lack clarity on the geometry, depth, and internal structure of the
sedimentary cover, largely due to our insufficient use of quantitative geophysical modelling.
These shortcomings underscore the need for a more sophisticated, high-resolution
geophysical study that focuses on (i) accurately mapping structural features, (ii)
characterizing porphyry intrusions, and (iii) performing 2D modelling of the sedimentary
section to enhance our understanding of its subsurface layout and mineralization potential.

LOCATION, GEOLOGY AND TECTONIC SETTINGS OF THE STUDY AREA

Location

The research area is a rectangular block that is in northwest Nigeria, encompassing portions
of the Basement Complex and the Sokoto Basin (Figure 1). The research region is located
within sections of the northwestern Nigerian schist belts. It is bounded by latitudes 04° 30
N and 06° 30 N and longitudes 11° 00 E and 12° 30 E (Figure 2). The research area
encompasses the northwest of Tambawa in the northwestern section, the northeastern
region of Maru in the northeast, the southwestern area of Lumu in the southwest, and the
southeastern vicinity of Dan Gulbi in the southeast. The area predominantly encompasses
Zamfara State and somewhat extends into the southern regions of Sokoto State and Kebbi
State. The topography or elevation within the research area, as shown by the analysis of
SRTM data, varied from 179 m to 637 m above sea level. Regions of high elevation are in the
east, and places of low height above sea level are found in the west. Settlements such as
Tungan-Rihi, Jigawa, Tokwatcho, Bawada, Guma, Mallamji, and Saula have low relief, while
Dan Gulbi, Bindim, Gidan Garba, Ben, Maru, Karaka, and Badaku have high relief.

Geology and Tectonic Settings

The study area comprises both basement and sedimentary formations and is tectonically
located within the Pan-African mobile (Wright, 1985). The sedimentary section represents
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the southern boundary of the lullemeden basin, also known as the Sokoto basin. Abaa (1983)
posited that the deformational event known as the Pan African transpired in this region,
leading to regional metamorphism and the development of migmatite, granite, and gneiss.
The basement complex of Nigeria has been classified into three units (Obaje, 2009), which
are the Migmatite-Gneiss Complex, Schist Belts, Older Granites, and Undeformed Acid and
Basic Dykes. The Schist Belts are a region in Nigeria characterized by low-temperature
metamorphosed sediments, orientated in a north-south direction in the northwest of the
country. The rocks are Upper Proterozoic in age and are associated with the MG complex.
Certain rocks may harbor relics of the ocean floor in minor back-arc basins. Grant (1978)
posits the existence of multiple basins of deposition, although McCurry (1976) interprets the
schist belts as vestiges of a singular supracrustal layer. Both individuals regard these rocks
as having originated from faulted rift-like structures.

4°30'0"E 4°45'0"E 5°0'0"E 5°15'0"E 5§°30°0"E 5°45°0"E
1 1 n 1 1

12°1 l5'0"N
12°15'0"N

s
bG
® tognn D

o
i
Gidan
[
Dan Gulbi
O]

OSuril A n .

1Z“DI'0"N

11"4?'[)"N
11°45'0"N

4°300"E 4°45'0"E 5°0'0"E 5°15'0"E 5°30°0"E 5°45°0"E 6°15'0"E
Legend BB Hypersthens quartz dierite GWsssandstone and clay

®  settlement — — — Fault i ned biolte and harntlende granite B8 Sandstone and dlay (RG)

Al Alluvium BN tota co Tss sandstone clay and shale

B8l sictite Gneiss Il 1<tagabioro and homblende schist &l sandstone silt and shale

B Biotit= hornblende granodiorite, quartz diorite [ Migmatite Tsh! shale

BB ciay and sand

[BIE§ ciays and grits
rits and pebble

S silicified and sheared rock

Bl si5te phylite meta siftstone locally horfelsic
ISl Undifferentiated muscovite and feldspathic schis

Qs Quartite and Quarz Sohist

v AP

NGSA, 2006)

eiss v
(GIgSE Gravel and sand I Rhyolite o

Figure 1: Location and Geologic Map of the Study Area (Modified from

Turner (1983) asserts that sediment ages fluctuate based on structural and
lithological correlations. Ajibade et al. (1979) contest this finding, illustrating that both
series experienced identical deformation histories. Truswell and Cope (1963) regarded the
structural connections between the schist belts and the basement as conformable
metamorphic fronts, while Ajibade et al. (1979) were the pioneers in identifying structural
discontinuity. Figure 1 illustrates the rock units within the research region. The dates of the
Individual rocks found within this ecosystem are still problematic; however, the older
granites showed a bottom limit to be 750 Ma. The ages of the amphibolite complexes inside
these rocks have also stirred controversy. Ajibade et al. (1979) have advocated dominantly
ensialic mechanisms in the genesis of the schist belts, while Egbuniwe (1982) noted that
some comprise oceanic elements with tholeiitic affinities. The rocks have been mapped,
and information of such has been published. Three of the well-known schist belts are inside
the study area (Maru, Anka and Zuru), with other rocks representing roughly twenty-six (26)
different rock types in the study location (Figure 1).
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MATERIAL AND METHODS

Source of the Data Used

The Nigerian Geological Survey Agency (NGSA) in Abuja provided eight airborne magnetic
data sets for the study area: 50, 51, 52, 53, 73, 74, 75, and 76, which were merged to give
the total magnetic intensity data export as the TMI map of the study area (Figure 2). The
survey was carried out from 2005 to 2009, funded by the Nigerian Federal Government and
the World Bank. The survey was conducted in two phases.
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Figure 2: Total Magnetic Intensity Map

The Nigerian government completely financed the initial phase, in which Fugro Aerial
Surveys conducted all aerial geophysical data gathering, processing, and interpretation
(Reford et al., 2010). Phase 1 included 826,000-line kilometers of magnetic and radiometric
surveys, together with 24,000-line kilometers of time-domain electromagnetic surveys.
Phase 2, finalized in August 2009, and encompassed 1,104,000-line kilometers of surveys,
facilitated by the World Bank, with data collection and compilation overseen by Fugro
Airborne Surveys.

Methodology

The total magnetic anomaly data (Figure 2) was subjected to regional and residual magnetic
anomaly separation using upward continuation (Telford et al. 1990). We employed the
upward continuation method because the method is subjective, and the magnetic data can
be upward continued to any desired height of choice to get the residual magnetic data
(Figure 3).

The reduced-to-pole (RTP) filter was applied to the residual magnetic anomaly data
of the study area to position the anomalies above their causative sources (Li, 2008; Luo et
al. 2010), using stable reduction to the pole with inclination of 1.49° and declination of -
1.62° to get the RTP data (Figure 4). After that, we compute the analytic signal (AS) of the
TMA (Roest et al. 1992), the computation of first vertical derivative and the computation of
the 3D Euler deconvolution of RTP data (Reid et al. 1990).
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Figure 3: Residual Map of the Area

To locate structures and porphyry systems associated with mineral occurrences
within the study area, the CET Porphyry Analysis was applied using its four extensions (plug-
ins) that include Circular Feature Transform, Central Peak Detection, Amplitude Contrast
Transform and Boundary Tracing (Holden et al. 2011; Core et al. 2009). The CET structures
were correlated with the FVD by overlaying them on the FVD map. The analytic signal map,
the porphyry system and the analytic signal were also correlated by overlaying them on each
other.
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Figure 4: RTP Map of the Area

The basement topography beneath the sedimentary rocks of parts of the Sokoto basin
was mapped using 2D geophysical modelling. Profiles L1-L1" to L3-L3' guided using the
analytic signal map were drawn on the residual and digital elevation maps and were
imported into the GM-SYS interface in the Oasis Montaj version 8.3 environment. Residual
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magnetic and DEM (digital elevation map) data were integrated to construct a two-
dimensional model aimed at improving understanding of the subsurface basement
topography beneath the sedimentary basin. GM-SYS is an interactive, graphically based
modelling software developed for the interpretation of magnetic and gravity datasets. A
forward modelling technique was employed to achieve the closest possible match between
the calculated response and the observed data.

INPUT DATA
Total Magnetic Intensity (TMI) grid

N

PROCESSING STEF
Upward continuation used to separate
regional and residual magnetic fields

| |

OUTPUT MAP OUTPUT GRID QUIPUT MAP
Regional magnetic field map Residual magnetic field grid

PROCESSING STEP
Analytic signal calculated
directly from TMI grid

Analytic signal amplitude map
(source edges and contacts)

TRANSFORMATION
Reduction to Magnetic Pole (RTP)
from residual magnetic field

SN T

PROCESSING STEP PROCESSING STEP
CET Structure analysis CET Porphyry analysis
applied to RTP data applied to RTP data

| | | \

[ QUTPUT MAP } [ QUTPUT MAP } [ QUTPUT MAP } ‘ OUTPUT MAP
3D Euler depth solution map

FVD structural enhancement map CET structural lineament map CET porphyry target maps (structural and source depths)

PROCESSING STEP
First Vertical Derivative (FVD)
computed from RTP data

PROCESSING STEP
3D Euler deconvolution
performed on RTP data

Figure 5: Flowchart of the methodology used in this work

This approach converts variations observed in potential-field data from residual
magnetic anomalies into a representative subsurface geological model. The calculated
response is iteratively compared with the observed anomaly, and model parameters are
adjusted to enhance their agreement. This iterative cycle of geometry modification,
anomaly computation, and comparison continues until a satisfactory correspondence is
achieved between the calculated and observed anomalies, following the procedure
described by Blakely (1995).

The Flowchart diagram for the methodology is as shown in (Figure 5), and the
summary of the filtering techniques applied is in Table 1.

Table 1: Filtering techniques and their application

S/n | Technique Equation Application Reference
1 Upward F(x,y,—h) Regional and | Telford et
continuation _h ﬂ F(x,y,0) 0x dy residual separation | al., 1990)
27 \/(X_Xi)z +(@y—-y)2+h?
2 Reduction to M, (u,v) To centre the|Luo et al.
pole MM, (u,v) anomaly above its | (2010)
- [sin(I) +icos(I) cos(D — 0)]? causative sources
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3 Analytic signal [AX, V)| Boundary, source | Roest et al.
J SMNZ /M /SMAZ location and | (1992)
= <_> + (—> + <—) structure
ox Sy oz
4 Firs't Yertical l[(U2+V2)%]n Strgcturgs (Fault) | Foss, 2011
derivative n delineation
5 3D Euler oT 8T 8T | Border and depth | Reid et al.
deconvolution | & ~X0) 5 T =¥0) 8y T =2)%, | estimation (1990),
=NB-T) Thompson
(1982)
6 CET grid | It is used for magnetic structural | To reveal magnetic | Holden et
analysis analysis. lineaments al., 2011;
Core et al.,
2009
7 CET porphyry | Applied for porphyry detection To reveal intrusive | Holden et
analysis porphyry centres al., 2011;
Core et al.,
2009

RESULTS AND INTERPRETATIONS

Results
Analytic Signal (AS) Map

The AS map (Figure 6) has outlined all the edges and source locations within the study area,
and this depends on the variation in the distribution of magnetic sources within the study
area.
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Figure 6: Analytic Signal Map of the Study Area

The AS map here also shows lithological contrasts (Figure 6), as the map has divided
the study area into two parts. The right side of the map is specifically basement with high
analytic signal amplitude, while the left parts highlight a portion of the Sokoto basin that is
signified by very low amplitude (-0.015 nT/m).
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The AS map demonstrates three distinct magnetic zones in this study area,
determined by the amplitude of the anomalies present. Portions exhibiting low to medium
analytic signal with amplitude ranges of -0.189 nT/m to 0.065 nT/m, medium magnetic
zones (MM) with amplitudes from 0.065 nT/m to 0.143 nT/m, and areas characterised by
high magnetic anomaly zones with amplitudes ranging from 0.143 nT/m to 0.282 nT/m are
identified around Tadurga, Gwashi, Anka, Tunga Rahi Gidan Garba, Maru, Dan Gulbi, Mallaji,
Danko, and Surimi. An isolated magnetic anomaly, typically round in shape and spanning
several meters in the west-central portion of the map within the quartzite and quartz schist,
may be indicative of magmatic intrusion (Figures 1 and 6). Those occurring within the central
portion of the map and spanning toward the east end associated with the medium-grained
biotite and hornblende granite, quartzite and quartz schist, biotite hornblende granodiorite,
quartz diorite, slate phyllite meta-siltstone (locally hornfelsic), hypersthene quartz diorite,
granite gneiss, migmatitic granite gneiss, muscovite schist and quartzite, and migmatite
(Figures 1 and 6) might have arisen from accumulations of magnetite and/or pyrrhotite
which may be associated with economic-grade mineral deposits. Such deposits precipitating
from mineral-bearing solutions are frequently located within or adjacent to major faults.
The high-amplitude areas could also represent areas of later tectonic activities where
magma intruded into the preexisting rock skin and solidified in the fractures, faults, and
joints left by earlier tectonic activities.

First Vertical Derivative (FVD) Map

The derivative filter is good in the amplification of faults/lineaments using potential field
data (magnetic and gravity data), (Wang and Meng, 2019; Cooper, 2023; Sun et al., 2016;
Ansari and Alamdar, 2011; Cooper and Cowan, 2011).
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Figure 7: FVD map of the study area

The FVD map of the study area (Figure 7) has amplified the short wavelength
anomalies within the centre of the map (around Bukwuim and Tashar Taya) toward the east
(around Anka, Dogon Daji, Gwashi, Tuduki and Gidan Garba), indicating shallow depths
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within the exposed basement region and also highlighting structures within this area. This
is contrary to the western portion of the map with long wavelength signatures (around Barkin
Daji, Gummi, Dunka, Gumi, Tambawal and Tabkin-Kada) within the sedimentary portion of
the study area. Visual inspection of the anomaly trend has highlighted it to be Northeast to
Southwest (NE-SW) orientated. Just like the AS map (Figure 6), with the FVD map, we have
been able to clearly distinguish the sedimentary and basement portions of the study area.
The basement to the right has a short wavelength, while the sedimentary portion to the left
has a predominantly long wavelength. Comparing the AS map (Figure 6) to the FVD map
(Figure 7), we can clearly see that the two maps correlate, as portions with high analytic
signal amplitude on the AS map are portions of short wavelength on the FVD map with
structures. Which also implies that the structures are pathways for emplacing gold and other
minerals within the study area.

Application of CET Structural Plug-In

Figure 8 represent the CET structural map of the study area. Its highlights intense
deformation and dense structural fabric in the central part of the study area, with similar
trends extending eastward. These features are indicative of shallow basement settings and
align with zones of high analytic signal amplitude (Figure 6) and short-wavelength anomalies
on the first vertical derivative map (Figure 7). Structural trends as observed are WNW-ENE,
NE-SW, NNE-SSW, and NW-SE directions. The structural density map of the delineated CET
map (Figure 9) reveals five structural density zones within the study area. Very low
structural density zones (0-0.133 km/km?), low structural density zones (0.133-0.265
km/km?2), medium structural density zones (0.265-0.397 km/km?2), high structural density
zones (0.397-0.529 km/km?2), and very high structural density zones (0.529-0.661 km/km?2).
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Figure 8: CET Structural Map of the Area
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Figure 10: FVD map with CET Structures

The implication for the high and very high structural density is that these portions
are portions of interest (for gold mineralization) as structures generally control movement
of hydrothermal fluid and emplacement of ore minerals (Yin et al., 2025; Hronsky, 2020;
Bedeaux et al., 2017; Tripp and Vearncombe, 2004; Tomlinson et al., 1988). The CET
structures were overlaid on the FVD map (Figure 10), and the structures were observed to
correlate with the FVD short wavelength signatures highlighting the structures within the
study area.

Application of CET Porphyry Analysis Plug-In

Figure 11 represents the porphyry intrusions superimposed with CET structures within the
study area. Porphyry mineralization exemplifies the magnetic characteristics associated
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with alterations, as extensive areas of hydrothermal alteration typically exhibit distinct
magnetic properties in contrast to unaltered geology (Tapia et al., 2016; Riveros et al.,
2014).

These hydrothermal alterations have manifested in centralized, near-circular zones
encircling a circular intrusive center (Figure 11) and aided in delineating anticipated
porphyry systems linked to hydrothermal alteration within the study area. The predictions
indicated by black circular to subcircular shapes on the CET porphyry analysis map,
superimposed with CET structures (Figure 11), demonstrate that dike-like formations
detected using the CET technique are structurally oriented along four principal trend lines.
The structural trends are aligned WNW-ENE, NE-SW, NNE-SSW, and NW-SE.
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Figure 11: Porphyry intrusion with CET structure
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Figure 12: AS map overlay with CET structures and Porphyry bodies
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The CET porphyry map exhibits a strong correlation with the analytic signal map
(Figure 12), indicating areas with significant variations in magnetic intensities within the
study area. This suggests that the structures present may contain various solid minerals, as
these structures serve as conduits for mineralization fluids that permeate and deposit within
the host rocks, including Gold, Pb-Zn mineralization and other undiscovered minerals that
warrant further exploration. Previous research has confirmed the presence of gold alongside
lead-zinc mineralization within the Nigerian schist belts, including the study area (Ogah and
Abubakar, 2024; Akinlalu, 2023; Umaru et al., 2022; Arogundade et al., 2021; Augie et al.,
2022a; Sani et al., 2019; Kudamya et al., 2014; Obaje, 2009; NGSA, 2006).

3D Euler Deconvolution

Euler deconvolution is a popular depth and border estimator (Pasteka and Kusnirak, 2020;
Ghosh et al., 2012; Kuttikul et al., 1995). Figure 13 illustrates the 3D Euler depth solutions
with a structural index SI (N=1 for sill/dyke/fault) within the study area. These border and
depth solutions are categorized into five groups: below 150 m, from 150 m to 300 m, from
300 m to 450 m, from 450 m to 600 m, and above 600 m. The Euler solutions in the basement
portion of the study area aligns with the trends depicted in the CET structural map (Figure
8). Also, these Euler solutions are predominant within the northwestern portion of the study
area with characteristics that are peculiar to the sedimentary basins > 450 m (Figure 15).
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Figure 13: 3D Euler Deconvolution map of the area (Sl =1)

Interpretation of the 2D Models

The analytic signal (AS) map (Figure 14) was used to delineate the contact between the
basement and sedimentary units and also provided a basis for selecting profile lines within
the sedimentary basin. The eastern portion of the map is dominated by the basement
complex, whereas the western sector is largely occupied by the sedimentary basin. To
investigate the basement topography beneath parts of the Sokoto Basin and its
surroundings—features thought to be closely associated with mineralized structures in the
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overlying sedimentary sequence—two-dimensional geophysical modelling was conducted.
This modelling utilized magnetic data from profiles L1-L11 to L3-L31 extracted from the
residual magnetic map (Figure 15), together with topographic information derived from the

digital elevation model (Figure 16).

Profile L1-L1"

Figure 15 represents 2D section L1-L1" with NE-SW trend and stretching from NW of Tabkin-
Kada to the NW of Guma in the northwestern part of the study area (Figures 14, 15 and 16).
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4°30'0"E 4°45'0"E | o 5°0'0"E 5°15'0"E 5°30'0"E . 6°0'0"E 6°15'0"E

12°15'0"N

12°0'0"N

z
°
in
=
3

=
=

4a3o|0|lE 0" ¥ ) sasolollE 5°45‘D"E

6°30'0"E

Kilometers

Legend
413284 38263 23744 A 450128 64 30 15 0
@  Settlement [ [ EN ] ——

Figure 15: Residual magnetic intensity map with 2D profiles
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Figure 15: 2D profile L1-L1’

The section along profile L1-L1" stretches about 0 to 72 km and reveals two primary
layers. At the top, there's a non-magnetic sedimentary cover with a susceptibility of S = 0.
Right beneath it, we find a magnetic crystalline basement with a susceptibility of S = 0.001
Sl and a magnetization of M = 0.002. The sediments throughout this profile are about 0.55
to 0.7 km thick, indicating that the basement is relatively shallow.

As we move along the 72 km distance, the basement surface gently rises and falls,
becoming a bit deeper toward the right, which suggests that the sediments are thickening
as we approach the main Sokoto Basin. When it comes to mineral exploration along this O-
72 km profile, the model indicates that the schist belt basement, which is our main target,
can be accessed with moderate drilling depths. Areas where the basement is closer to the
surface and the sediment cover is thinner are top priority, as fractures and shear zones are
likely to concentrate there, potentially hosting gold and base metal deposits. Meanwhile,
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the deeper sections toward the basin’s interior might favor strata bound mineralization near
the base of the sediments at the contact with the basement.

Profile L2-L2'

Figure 16 represents the 2D section of profile L2-L2" with NW-SE trend and passes between
Tambalwal and Guma, Dunka and Tokwatcho, Gummi and Barkin Daji (Figures 14, 15 and
16). Profile L2-L2'stretches roughly 0 to 94 km and runs in a NW-SE direction. Along with
this profile, the sediments are thicker compared to the previous profile (profile L1-L1"),
with the basement lying mostly between 0.8 and 1.1 kilometers deep, creating a broad,
gentle dip in the center of the profile. This hints at a small sub-basin nestled within the
Sokoto Basin margin. For those interested in mineral exploration, the shallow basement
areas at end of the profile, where the sediment is thinner, are promising targets.
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Figure 16: 2D profile L2-L2'

This is because fractures and shear zones in the schist belt basement can be accessed
with moderate drilling and might contain valuable mineralization.

Profile L3-L3"

Figure 17 represents the 2D section of profile L3-L3" also trending in the NW-SE direction
passing in between Tabkin-Kada and Dunka, Jigawa and Barkin Daji, Kiri and Donko, Tungan-
Rihi and Tadurga(Figures 14, 15 and 16). The Profile L3-L3" stretches approximately from 0
to 110 km. In this area, the basement creates a broad uplift right in the center, sitting at
about 1 km deep, while it gradually deepens towards both ends, reaching depths of around
0.8 to 1.2 km. This means that sediment is thinnest above the central basement high and
thickest at the edges. For exploration purposes, the central section of L3 is particularly
significant because the shallow basement, covered by a thin layer, is easier to investigate.
It could have present of structures that may host minerals of interest. In contrast, the
deeper edges may be more conducive to mineralization near the bottom of the thicker
sedimentary layers.

Vol. 14 No. 02 (2026): European Journal of Applied Sciences Page | 90



Scholar Publishing

13 L3}
= 40.007
e ]
= B
0 = M'I lll‘..‘
g 20005 - — _ _ e - - g ...'.‘.. — -2
S 000 o 3
g} |
= -2000— 4 =Observed, _ =Calculated, *** 1.
0.00— Sediment
4 5=0
— N
£ 1.00
T e e e e e e
= ﬁ///////////I,///////////// i i "’/////;////////////////I////////
% Tt BaSeMeNt e
O /////////////,///////////’ - ’////1////////////////////I/!///
[ i S— S—— —_————m—m—— e 1) ) B e e A S S— —— — — S—— S— — —————
i S S — — — —— A ———— i e S S S S— — — S— —————
200ttt g i i by by iy L Lt MR0.002 gt e e e L L L L
Vi S i —— —_—— —— — — T S S S— — — — —— — — — — —— —
o i S e S S S S— S—— — S— —_— — S— S— S— — — — — S— — — — — — — — — —_—
i S A A—" S— S— S— S— S— S— S— S— S— S— — S— S— S—" S— S—" — S— S—" S— S— S— S— S— —a— —
A A S A S S A S S S S S S S S S S S S— S S S S S S S S— S— S——_—
_////,I///////I/I////////[/,////////l/l/l////////////////////////
3.00+
T T T T T T T T
30.00 60.00 90.00
Distance (km)
. . . 1
Figure 17: 2D profile L3-L3

The integrated aeromagnetic interpretation has shed light on the structural framework and
mineralization potential of the north-western Nigerian schist belts, as well as their
transition into the Sokoto Basin. The AS map demarcates distinct magnetic boundary,
showing low amplitudes over the western sedimentary portion and higher values over the
eastern basement terrain. This disparity signifies the weak magnetization of the Cretaceous-
Tertiary sediments compared to the crystalline schist-belt and granitoid rocks, providing a
clear geophysical representation of the basin-basement boundary. Within the basement,
areas of high analytic signal align with major lineament intersections and mapped granitoid
and quartzite units, creating conditions that are favorable for both orogenic and porphyry-
style systems.

The first vertical derivative enhances short-wavelength anomalies and uncovers a
dense network of faults and fractures, particularly in the central and eastern regions. These
structures follow WNW-ENE, NE-SW, NNE-SSW, and NW-SE trends, which correspond with
the regional Pan-African fabrics previously identified in the Maru, Anka, and Zuru belts.
Their alignment reinforces the idea that they serve as long-lasting conduits for hydrothermal
fluids. Long-wavelength anomaly in the western section of the study area correlates with
the presence of thick and more uniform sediments in the Sokoto Basin, along with lack of
shallow magnetic sources in that area.

CET structural analysis and structural-density mapping provide a detailed look at
how intense the deformation is. Areas with high and very high structural density are typically
where several fault sets come together and where the amplitudes of analytic signals are
notably high. These regions are seen as highly fractured blocks that have played a role in
channeling and trapping mineralizing fluids. The strong correlation between these
structural-density highs, elevated analytic signals, suggests that these areas are excellent
candidates for further exploration of orogenic gold and related polymetallic mineralization.
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The CET porphyry analysis sheds new light on potential intrusive centers that
previous regional studies may have overlooked. Circular to subcircular magnetic features,
which are thought to represent porphyry intrusions or magnetite-rich alteration cores, tend
to cluster along major structural trends and at their intersections. Their overlap with high
analytic signal zones indicates that there may be magnetite addition or destruction linked
to hydrothermal alteration. This pattern aligns with what we see in porphyry-style systems,
where central intrusive stocks are surrounded by concentric alteration halos. The alignment
of these centers with structures and high analytic signal amplitudes suggest that both
orogenic shear zones and porphyry-related hydrothermal systems play a role in the
mineralization of the region.

Euler deconvolution adds a valuable layer to our understanding of the structure by
giving us depth estimates for magnetic sources. We find that depth solutions less than 300-
450 meters are mostly located in the basement area and along the edges of the basin. This
suggests that many of the faults, dykes, and porphyry centers we've identified are within
reach for mining. On the other hand, deeper solutions that go beyond 450-600 meters are
primarily found beneath the sedimentary cover, likely indicating the deeper basin fill and
hidden basement highs.

The 2D GM-SYS models along profiles L1-L3 help to clarify this basement structure.
Profile L1-L1" reveals a shallow basement at depths of about 0.55-0.7 kilometers, with
smooth undulations near the basin margin. Profile L2-L2' shows a wide depression with
basement depths ranging from 0.8 to 1.1 kilometers, which might indicate a local sub-basin.
Meanwhile, profile L3-L3" features a central basement high with deeper edges on either
side. These differences in basement relief are crucial for studies related to minerals and
groundwater. The combination of analytic signals, derivative filters, CET plug-ins, Euler
depths, and 2D modeling has created a clear understanding of the structural factors
influencing mineralization. This study shows that when aeromagnetic data is analyzed using
modern structural and porphyry analysis tools, it can elevate regional exploration in
northwestern Nigeria from merely mapping gold-bearing shear zones to a much deeper
evaluation of porphyry-style systems and basin-margin target.

CONCLUSION

The aeromagnetic study conducted in parts of northwestern Nigeria has revealed that the
area is defined by a well-structured basement complex that transitions westward into the
sedimentary layers of the Sokoto Basin. The analytic signal and first vertical derivative maps
effectively distinguish the magnetic basement from the less magnetic sediments, uncovering
a network of faults and fractures that primarily trend WNW-ENE, NE-SW, NNE-SSW, and NW-
SE. Through CET structural and structural-density analysis, we can identify zones of
significant deformation that could align with gold deposits and areas of high analytic signal.
These zones are seen as the main pathways and traps for hydrothermal fluids.

CET porphyry analysis brings to light several circulars to subcircular magnetic centers
that are closely associated with major structures and high analytic signal amplitudes. These
centers are interpreted as intrusive bodies along with their alteration zones, which could
potentially host porphyry-style mineralization. Euler depth solutions and 2D modeling across
three profiles along the basin margin suggest a sediment thickness ranging from about 0.55
to 1.2 km, along with a gently undulating crystalline basement featuring local highs and
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lows. Collectively, these findings indicate a promising potential for structurally controlled
gold and Pb-Zn deposits within the schist belt basement and along the margins of the Sokoto
Basin, providing a solid geophysical foundation for more in-depth follow-up studies.
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