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ABSTRACT

The goal of the present study is to identify and delineate the mineralization zones and depths of
prospective mineral occurrences in Shanga (sheet 96), parts of the northwest Nigerian basement
complex, by analyzing aeromagnetic data. This was accomplished by reducing the residual
magnetic intensity (RMI) data for the research area to the equator (RTE), which was followed by the
application of two source edge detection/interpretation techniques; first and second vertical
derivatives (FVD and SVD), while the analytic signal (AS), was applied to the TMI data. The AS
approach of depth estimation was also applied to the Shanga RMI data to establish the minimum
depth at which the minerals are likely to occur. Using FVD map, structures that may be responsible
for mineralization within the study area were identified and confirmed to eastern basement portion
of the study area. The primary structural trend in the region is ENE-WSW, followed by NE-SW,
WNW-ESE, NW-SE, and NNE-SSW. The high analytic signal within the schist has been attributed
to intrusions and solidification of mineralization fluids with structural linkages, allowing the area's
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mineralization zones to be identified. The analytic signal map showed amplitudes ranging from
0.001 nT/m to 0.421 nT/m. Additionally, the SVD map showed mineralization boundaries that
matched the AS map's mineralization zones. The analytic signal depth method revealed a minimum
depth of occurrence for the minerals ranging from 0 to 11.457 m, and the mineralization zones
delineated have one or more structural lineaments passing through them, confirming that they are
responsible for mineralization fluid passage and mineralization hosting within the study area.

Keywords: Depth; mineralization; AS; FVD and SVD.

1. INTRODUCTION

Nigerian mineralization is dependent on the
geology and rock structure [1], (Kearey et al.
2002); [2,3] and to identify prospective rock types
and lineaments that serve as conduits for
mineralization fluids during magmatic events and
serve as hosts for most solid minerals, the
recently acquired high-resolution airborne
potential data may offer a solution [4]. Its
application in mineral exploration, especially
around hydrothermal alteration prospects, is to
accentuate the structural regime in the region to
define suitable pathways that may have
supported hydrothermal fluid circulation systems
relevant to mineral accumulation [2,5,6,7,8]. The
current study region lies in the north-western
Nigerian basement complex, which is made up of
the migmatite gneiss complex and the schist
belts and is partially to the west of the
sedimentary Sokoto basin. Most of the country's
solid minerals, according to historical accounts,
can be found within the western half of Nigeria or
in the nation's schist belts (Fig. 1).
Reconnaissance surveys are necessary in any
geophysical fieldwork including solid mineral
exploration and the present study is motivated by
the fact that structures typically play a key role in
mineralization  studies.  Since  geophysical
methods are essential in characterizing
geological features including faults, folds, shear
zones, and other favorable places for
mineralization, they are widely used globally as
fundamental tools for geological interpretations
[9], Mohamed et al. 2019 [10].

Numerous studies have been conducted within
the schist belts region that describe the
hydrothermally altered zones which historically,
have hosted most solid minerals in Nigeria
especially gold [11,12,13,14,15,16,17,18,19,20,
21,22]. Since the purpose of the work is to
identify mineralization zones and determine the
depth at which mineralization may occur within
the research area, the Roest et al. [23] analytic
signal magnetic source locating technique was
applied to identify magnetic sources there.
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Additionally, derivatives (first and second vertical
derivatives) are typically very effective tools for
structural delineation (fault, joints, and fractures)
and delineation of source boundaries [24]. These
tools were also applied to the magnetic data of
the region for structural and boundary of source
delineation with their depth of occurrence using
the analytic signal depth method as proposed by
Roest et al. [23] to delineate the source
boundaries.

1.1Location and Topography of the
Study Area

The study area is in north-western portion of
Nigeria, bordering Niger and Kebbi states, with
boundaries that range from longitudes 4° 30' east
to longitudes 5° 00' east and latitudes 11° 00'
north to latitudes 11° 30' north (Fig. 1). The
research area is somewhat outcropping
Basement [25,26], and sedimentary cover (part
of lullemeden Basin) with topography that ranges
from 132 m for low elevated portions around
south-western part of the area (Koko, Tungan
Magaje, Shanga, Dugu Tofo Ganwo and
Nasarawa) to 352 m for extremely high elevated
parts particularly regions north to south of Dakku
town as gotten from interpretation of Digital
Elevation Model (DEM) Shuttle Radar
Topography Mission (SRTM) of the study region
(Fig. 2).

1.2 Tectonic Settings and Geology of the
Study Area

The research region is located south of the
Tuareg Shield, between the West African and
Congo Cratons, and is also a component of the
Nigerian basement complex, which is tectonically
a part of the Pan-African mobile belt [27]. It has
been intruded by the Mesozoic calc-alkaline ring
complexes (Young Granites) of the Jos Plateau,
and Cretaceous and newer sediments are
unevenly overlaid. The Liberian (2,700 Ma),
Eburnean (2,000 Ma), Kibaran (1,100 Ma),
and Pan-African cycles of deformation,
metamorphism, and remobilization are believed
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to have produced at least four major orogenic
cycles that produced the basement rocks
(600 Ma). Extreme deformation, isoclinal folding,
regional metamorphism, and  significant
migmatisation were all present in the first three
stages, which were also associated with these
processes. Syntectonic granites and
homogenous gneisses were produced as a result
of broad migmatisation, regional metamorphism,
and granitization and gneissification that
followed the Pan-African deformation [28].
Extreme deformation, isoclinal folding, regional
metamorphism, and significant migmatisation
were all present in the first three stages, which
were also associated with these processes. The
final stages of this last deformation were followed
by the late tectonic placement of granites and
granodiorites, as well as related contact
metamorphism. Faulting and fracture marked the
end of the orogeny [29,30]. The Pan-African

Orogeny is thought to have produced the
structures in the study area.

Fine-grained biotite granite, medium-grained
biotite granite, River Alluvium, biotite gneiss,
Augene gneiss, undifferentiated schist including
phyllites, quartzite and quartz schists, quartz and
mica schists, sandstones, siltstones, and clays,
as well as migmatitic granite gneiss and
migmatite, are among the rocks in this area

(Fig. 3).

This analysis's aeromagnetic data came from the
Nigerian Geological Survey Agency (NGSA)
[31]. The high-resolution airborne data were
gathered by Fugro Airborne Surveys. The
survey was conducted in 2009 along a series of
NW-SE flight lines of magnetic surveys
flown at 500 m line spacing and 80 m terrain
clearance.
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Fig. 1. Location map of the study area (Adapted from Tawey et al., 2023a)
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Source of Aeromagnetic Data
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2. METHODOLOGIES

Total magnetic intensity data (TMI) of the
research area were first separated into regional
and residual data since the former are from
shallow sources and the latter are from deeper
sources. The residual magnetic intensity data
(RMI) was reduced to the magnetic equator
(RTE) using Oasis Montaj version 8.3. The RTE
data was subjected to the first vertical derivative
(FVD) filter to produce the FVD grid, which was
then saved as a map. The map was then
exported into Arc Map version 10.5 environments
to manually delineate the structures within the
study area. Additionally, the TMI data was
subjected to the Analytic signal (AS) filter to
create the analytic signal grid, which was also
exported as a map. This map showed the
boundaries of high magnetic zones that
were identified as potential zones for
mineralization and are places of interest for
mineralization.

The border of the high magnetic source, which
was delineated using the analytic signal
approach as well as mapped structures, was also
delineated using the second vertical derivative
filter (SVD) applied to the RMI data reduced to
the equator (RTE). The borders of the sources
and the depth of the mineral occurrences were
assessed using the analytic signal approach, and
the structures defined from the FVD map were
superimposed on both the AS and SVD maps to
determine the coincidence of the structures
drawn to source locations.

2.1 Theory of Methods

2.1.1 Reduction
(RTE)

to the Magnetic Equator

With the assumption that all magnetic fields seen
in the study region are the result of induced
magnetic effects, the application of the RTE
technique is to create a magnetic map equivalent
to what would have been obtained if the area had
been surveyed at the magnetic equator. Data
that was collected while the earth's magnetic
field was inclined is transformed into data that
would have been collected while the magnetic
field was vertical by this filter. Anomalies are
centered over portions where their sources are
located using this technique at low magnetic
latitudes. This technique can simplify data
interpretation without sacrificing its geophysical
significance. We use the equation below for RTE
transformation.
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Where | represent the geomagnetic inclination,
I, is the inclination for amplitude correction, D
represents the geomagnetic declination, Sin (l) is
the amplitude component while iCos(lI)Cos(D-6)
is the phase component given by Holden et al.
[32] and Core et al. [33].

2.1.2 Vertical derivatives

Vertical derivative vertical gradient filters
accentuate short-wavelength components of the
field at the expense of longer wavelengths [24].
Vertical derivative filters are generally applied to
gridded data using FFT (Fast Fourier Transform)
filters. Various vertical derivatives of the
magnetic field can be computed by multiplying
the amplitude spectra of the field by a factor of
the form:

1 1"
sl +vay @)
where n is the order of the vertical derivative, and
(U, V) is the wavenumber corresponding to the
(%, y) directions respectively.

2.1.3 Analytic signal method (AS)

The AS allows for the analysis of low-latitude
magnetic fields without the worries of the RTP
operator since it is less sensitive to the inclination
of the geomagnetic field than the original TMI
data. Gradient enhancement is a technique for
AS that is connected to magnetic fields using
derivatives. Roest et al. [23] demonstrated that
the expression may be used to calculate the
magnitude of the AS from the three orthogonal
gradients of the total magnetic field:

aci =G+ G+ G

where A (X, y) is the amplitude of the analytic
signal at (x, y) and T is the observed magnetic
anomaly at (X, y).

®3)

The depths of the magnetic sources are
estimated under the assumption that the
anomalies are in two dimensions (2-D). Hence,
the depths of the magnetic source anomalies are
estimated as given in the equation below:

asi= () + () + ()

(4)
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AS

AS1

D * N (5)
where, fv = First vertical derivative of the residual
map, D = Depth to the magnetic sources, AS =
Analytic signal of the residual grid, AS1= Analytic
signal of the first vertical derivative of the residual

grid.

N = 1 (contact), N = 2 (dike), N = 3 (pipe), and N
= 4 (sphere) [34]

3. RESULTS AND DISCUSSION

3.1 The Total Magnetic Intensity (TMI),
Residual Magnetic Intensity and (RMI)
and Residual Magnetic Intensity
Reduced to the Equator (RTE) Maps

Fig. 4a represents the total magnetic intensity
map while Fig. 4b represents the residual
magnetic intensity map of the study area. From
Fig. 4a, the susceptibility varies between 33000.7
nT low to 33200.5 nT high. High values are
confined to the southwestern portion of the map
while low areas are confined to the northwest
and southeastern portion of the map with
alternating occurrences of magnetic lows and
highs which are attributed to the presence of
structure (joints and faults), [5]. In Fig. 4b, the
residual magnetic intensity values vary from -
51.862 nT low to 155.432 nT high. Anomaly
trends in northeast to southwest and northwest to
southeast within the study area. Fig. 5 represents
the RMI map reduced to the magnetic equator

(RTE), comparing this map to the RMI map (Fig.
4b), the difference between them is very clear in
terms of magnetic susceptibility. The magnetic
anomaly ranges from 148.362 nT low to 47.620
nT high on the RTE map as compared to the RMI
map where it is -51.862 nT low to 155.432 nT
high.

Comparing the RTE map with the geologic map
(Fig. 3), it is visible that areas with alternating
occurrence of low and high intensity are
basement portions with structures concealed
beneath the subsurface [5] while the southwest
with smooth anomaly trend is the basement
portion of the study area.

3.2The First Vertical Derivative (FVD)
map calculated from the RTE

Derivative filters can be applied on aeromagnetic
data to enhance weak signal responses and
determine the position of deeply buried sources,
borders, and structural lineaments [23]. The FVD
approach has been utilized to map structures
(Fault, fold, and joints) because of its ability to
reveal discontinuities in signal responses. Fig.
6a, which represents the FVD map of the study
area, showed the western part of the map to be
devoid of short wavelength anomalies, which are
characterized by sedimentary zones or regions
with thick sedimentary cover. Fig. 6b is the FVD
map with a structure that has been mapped out.
There is no structural lineament in the regions of
Koko, Tunga Maje, Shanga, Ganwo, Dugu Tofo,

= 4°30"

Fig. 4a. TMI map
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and b. RMI map
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Fig. 6a. FVD Map and b. FVD with Structures

and Nasarawa. Within the area around Bajida
and Uganda in the north-eastern part of the map,
Dakku around the east, and Giro in the south-
central part of the research area, structures were
observed and delineated. Fig. 7a is a the FVD
structural map while, Rose diagram (Fig. 7b),
which represents a succession of tectonic activity
that must have influenced the Nigerian basement
complex where the current study area is located,
was created using these manually outlined
structures as shown in Fig. 7a. Statistical trend
analysis has revealed that the ENE-WSW trends
are the most prevalent, followed by NE-SW,
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WNW-ESE, NW-SE, and NNE-SSW trends (Fig.
7b).

3.3 The Analytic Signal Map

The AS filter applied to the TMI data helped to
reduce the influence of remanent magnetization
caused by magnetic inclination or declination.
This was done to emphasise the borders of
magnetised entities and form peaks over smaller
causative bodies [23]. This approach can
effectively demonstrate the amplitude magnitude
of structural characteristics depending on their
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magnetization response since the peaks of the
magnetised bodies are cantered symmetrically
over their sources through a shape
transformation that only depends on the
magnetization strength and direction concerning
the magnetization vector [35]. Fig. 7a depicts the
research areas AS map, and Fig. 7b depicts the
geology of the study area on the analytic signal
map. In Fig. 7a, the amplitude of the AS map
varies from 0.001 nT/m low to 0.421 high. Low
analytic signal is observed at the west of the
research area confirming that the geology
(sedimentary) of the portion. The basement

portion withing this area with low AS is a portion
of the basement complex with thick sedimentary
cover. The rock type present may be the cause
of the increased in AS amplitude to the east of
the research region (Schists with Granitic
intrusions). The geology of the area overlaid on
the AS map shows that mineralization will be
very high within the schist and other rocks in this
location. Also, intrusions and solidification of
mineralization fluids may be responsible for the
significant AS found within the schist. Therefore,
the potential mineralization zones are those with
high analytic signal.
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Fig. 8a. Analytic Signal Map and b. Analytic Signal Map with Geology
OGf = fined grained biotite granite, OGe = medium-grained biotite granite, R= River Alluvium, bG = biotite gneiss,
MaG = Augene gneiss, Su = undifferentiated Schist including phyllites, Qs = Quartzite and Quartz schists, mS =
Quartz and mica schists, sandstones, Glss = siltstones and clays, Wss = sandstones and siltstones and MG =
Migmatitic granite gneiss and M = Migmatite
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The AS map was overlaid with the structures
identified by the FVD map (Fig. 6a) (Fig. 9a) and
the structures are observed to fall directly on
portions with high analytic signals which imply
that these structures are channels through which
mineralisation fluids intruded into other rocks
within the study area and this has made it
possible for the prospective mineralisation zones
within the study area to be delineated using white
polygons (Fig. 9b).

3.4 The second Vertical Derivative Map
(SVD)

Fig. 10a represents the SVD map of the study
area while Figure 10b represents the SVD map
with structures that were delineated, overlaid on

it with anomaly boundaries also delineated using
white polygons just like the case of the AS map
(Fig. 8b). The SVD map also revealed the
boundary between the sedimentary portion and
the basement portion of the study area. On
comparing the mineralisation zones delineated
using the SVD and the AS methods (Figs. 11a &
11b), it is observed that the two methods have
aided in the characterization of the lithology of
the study area to be either basement or
sedimentary on a general geological
classification. Also, mineralisation boundaries
delineated on the SVD map coincided with the
areas of high analytic signal delineated using the
analytic  signal method. The delineated
mineralisation zones have been overlaid on the
geologic map of the study area with the structural

Fig.
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Fig. 10a. Second vertical Derivative map (SVD) Map and b. Second Vertical Derivative (SVD)
with Structures and mineralization zone boundary
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3.5 Estimation of Minerals

Occurrence

Depth of

The analytic signal depth estimation method was
used to estimate the depth of possible
occurrence of minerals within the study area. The
depths were determined using the analytic signal
of residual anomaly (Fig. 13a), the first vertical
derivative (Fig. 13b), and the analytic signal of
the first vertical derivative (Fig. 13c), while (Fig.
13d) represents the analytic signal depth.
From Fig. 13d, the minimum depths for the
occurrence of these minerals are from 0 to
11.457 m.

4. CONCLUSION

The use of three source edge
detection/interpretation  techniques, including
analytic signal (AS), first (FVD), and second
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vertical derivatives have aided in delineating
structures within the study area that trend
predominantly in the ENE-WSW direction,
followed by NE-SW, WNW-ESE, NW-SE, and
NNE-SSW directions. The study area has
amplitudes ranging from 0.001 nT/m to 0.421
nT/m, and the high analytic signal within the
schist has been attributed to intrusions and
solidification of mineralisation fluids  with
structural associations which has enabled the
mineralization zones of the area to be delineated.
Furthermore, the SVD map revealed
mineralization boundaries that coincided with the
mineralization zones delineated on the AS map.
The mineralization zones delineated have one or
more structural lineaments passing through
them, confirming that they are responsible for
mineralization fluid passage and mineralization
hosting within the study area and the analytic
signal method revealed a minimum depth of
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occurrence for the minerals ranging from 0 to
11.457 m.
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