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Abstract

This paper seeks to investigate and characterize the occurrence of mineral-controlled structures
responsible for gold and other subtle mineralization emplacement along the Maru schist belts region,
Northwestern Nigeria. Studies previously carried out in parts of the area particularly in Dan Zara axis
has reported that the area is favorable for mineralization, however, in order to have a complete coverage
of the possible extent of this mineralization, an extensive work was carried out in other adjoining areas
comprising the Maru axis within the geographical coordinate of latitude 11.5° 00' N to 12.5° 00' N
and longitude 6° 00' E to 7° 00" E, covering the aeromagnetic sheets numbered Sheet 53. (Maru), sheet
54. (Gusau), sheet 76. (Dangulbi) and sheet 77. (Chafe). This work helps estimate the causative
anomalous bodies responsible for emplacement of mineral controlled deposits. The result obtained
showed that the entire region has its sources sparsely spread with each source indicating the depth to
top of the structural field constrain from medium to low and medium to high depth values. This
associated depth values range from 106.7 - 616.7 meters with both Maru, Gusau, Dangulbi and Chafe
areas having sparsely distributed depth range for all mineral controlled structures across the location
of the sources. The orientation style of the veins plotted on the rose diagram showed that the quartz
veins on the schist are generally trending in the NE - SW direction). It is also important to know that
studies within the Anka and Wonnaka and possibly Kazaure schist belt in which the Maru schist belt
is in close proximity, also indicate (NE - SW) direction in the orientation styles of their vein type
emplacement. This in turn proves that gold mineralization within the Maru schist belt is structurally
controlled.

Keywords: Characterization, Maru Schist Belt, Causative bodies, Gold Mineralization,
Anomalous field.

INTRODUCTION

Geophysical aeromagnetic approach is a technique which has been used by a number of
disciplines to give information about the underlying ground without having to engage in
invasive digging of the area for mineral potential delineation. (Olajide et al., 2025; Augie and
Ridwan 2021), it has been used to help solve practical environmental, geotechnical, and
exploration problems. (Akintayo et al., 2014), the use of geophysical approach for mineral
exploration is very important owing to the vast methods and techniques that can be employed
for mineral prospecting, the first step taken is usually to identify the physical property of the
geologic structure or buried object. Secondly, an appropriate geophysical survey will then be
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designed and field data are acquired and plotted to give much clearer information. In some
cases, the information needed to solve the problem may be obtained directly from these plots,
but in most cases, more information about the subsurface is required (Akintayo et al., 2014;
Lowrie 2007; Augie et al., 2021).

The Precambrian rocks within and around Maru schist belt host some quartz veins that are
gold bearing, (Oke et al., 2014). However, in order to characterize the sources of this gold
deposit, geochemical samples must be analyzed to truly understand the source and
characterize them. (Oke et al., 2014). More so, these sources may be derived largely from
fracturing, and regional metamorphism and hence, future work should focus on the use of
geophysical techniques such as magnetic, resistivity, seismic, and induced polarization in
order to identify the subsurface extent of the mineralization. (Augie et al., 2021). The magnetic
method is a means of determining the location, shape, orientation, depth and lithology’s
associated with mineral deposits sufficiently present within the earth’s interior with the sole
aim of characterizing them. (Usman et al., 2019; Osumeje et al., 2019). Gold deposits have
formed at many different times during Earth's history, it's uses are found in the electronic
industries, aerospace devices, jewelry, medals, coins, and so on (King, 2019). It is the most
used mineral mined from the earth. Though it has many uses, it is very scarce and difficult to
locate, especially in complex regolith cover as stated by (Arhin et al., 2015; Shehu et al., 2019).

Magnetic prospecting is a geophysical technique that exploits the variation in magnetic
properties of the subsurface with the ultimate objective of characterizing it. (Olajide et al., 2025;
Taofeek, 2020). Regional and detailed magnetic surveys have continued to be a primary
mineral exploration tool in the search for diverse commodities, such as iron, base and precious
metals, diamonds, titanium, and gold. (Sunday et al., 2025; Usman et al., 2019; Eldosouky et
al., 2017) General appraisal of the location and depth of possible mineralization zones is of
great importance to miners as initial prospects usually rely on the application of these
methods as such studies are expected to guide the activities of miners who intend to explore
such areas for economic purposes. (Ogungbemi et al., 2018; Olajide et al., 2025). Presently, there
has been a serious concern as to the approach previously utilized by the government in
prioritizing oil and gas as the major and only means of economic growth thereby dwarfing
the already epileptic solid mineralization sector which as a result prompted the need for
further research of this nature for future exploration guide (Sunday et al., 2025; Usman et al.,
2019).

This research is aimed in utilizing aeromagnetic geophysical method to delineate and
characterize gold bearing veins, since the search for gold and other valuable mineral deposits
is a cumbersome task due it difficult nature to locate especially in complex terrain, the result
obtained will serve as a makeshift for future exploration guide in the area and therefore
contribute to existing knowledge by identifying the structural vein type features responsible
for mineral emplacement in the area by utilizing the lineament and geologic contact analysis
and the euler 3D deconvolution methods.

Geological settings

The study area is situated in Zamfara state along Maru axis within the geographical
coordinate of latitude 11.5° 00' N to 12.5° 00' N and longitude 6° 00' E to 7° 00" E, comprising
the aeromagnetic sheets numbered Sheet 53. (Maru), sheet 54. (Gusau), sheet 76. (Dangulbi)
and sheet 77. (Chafe), (Figure 1). This area generally has Sahel Climate as the predominant
climate type in the area, marked by two distinct conditions: the rainy season which usually
lasts from June to September, and the dry season which is dry and hot with temperatures
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exceeding 32 degrees. The vegetation is of the Savannah-type, with gently undulating steep
and rugged topography that are characterized mostly by North-south trending schist belt. The
Maru Schist Belt is characterized by a sequence of metamorphic rocks, primarily consisting of
schists, gneisses, and coarse grained granite. The geology of the Maru Schist Belt suggests that
it is a part of the Pan-African orogeny, which occurred during the Neoproterozoic era
(approximately 600 to 540 million years ago). (Adekoya, 1998).
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(Figure 1) Geological map of the study area modified from NGSA (2018)

MATERIALS AND METHODS

The area considered in this work covers geographical coordinate of latitude 11.5° 00' N to 12.5°
00' N and longitude 6° 00' E to 7° 00" E, four high resolution aeromagnetic data acquired from
NGSA was subjected to initial prior analysis, these associated data was collected at a flight
altitude of 80m along NE-SW flight lines spaced approximately 500m apart. This data was
merged and gridded at a grid cell size of 250m. The enhancement techniques which include
the vertical gradient magnitude used in the position of contacts and faults from magnetic data
eqn (2 and 3), a more automatic approach for extracting linear structures from potential field
data, and a further quantitative method utilizing Euler deconvolution eqn (4), for the sole
purpose of actualizing our intended aim. All the above listed models were solely utilized for
magnetic analysis and interpretation.

Materials
The following materials were used for data analysis;
1. Geosoft Oasis montaj software

2. Surfer

3. Grapher

4. PCI geomatica

5. Rockwork

6. A computer system
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Airborne magnetic data sets comprising the extent of the Maru schist belt and its adjoining
areas were obtained from the Nigerian geological survey agency (NGSA) for onward analysis
and interpretation, these includes sheet 53 (Maru), sheet 54 (Gusau), sheet 76 (Dangulbi) and
sheet 77 (Chafe).

Methods

In order to understand the structural makeup, determine depth to sources, The associated
data sets was subjected to various data transformation techniques, this was obtained by
performing regional residual separation of magnetic anomaly zones around the area by
utilizing the polynomial fitting method which was derived from the least square approach,
both qualitative and quantitative techniques was applied on the raw data to help enhance
linear features clearly identified in the residual anomaly map using eqn (2 and 3), the depth
to magnetic sources using eqn (4). The depth estimation function utilizes Euler window size
of 20, a maximum distance of 40000m and a structural index of 1 for dyke.

Magnetic Methods

Aeromagnetic Datasets

Regional residual se

Residual Regional
map map

Qualitative Interpretation model

CET (Geologic contact analysis)
1s*and 2™ order Derivative Filter

Lineament Structural analysis

Quantitative Interpretation Model

Euler Deconvolution for depth |

(Figure 2) Flowchart of the adopted methods

However, in employing the magnetic method, a more useful quantity than magnetic force is
necessary and this quantity is the magnetic field strength eqn (1) which is defined as the force
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exerted by a pole of strength P; on a unit pole at a distance r and it is the quantity measured
by the magnetometers.

o P
HZF/PZZ”__l 1)

4mr?
Where P, is a fictitious magnetic pole at a point in space where the sensor is located (Telford

et al., 1990). Magnetic field strength H is measured in oersted which is equivalent to dynes per
unit pole (Telford et al., 1990). Geophysicist employs a smaller unit, the gamma (y), which is
equivalent to nanotesla, to describe the geomagnetic field (Lowrie, 2007).

In order to truly understand the sources to anomalous magnetic features and
characterize them, the use of an enhancement filter is necessary, (Usman et al., 2019; Augie et
al., 2021). The vertical derivative filter is a commonly used technique in geophysics for
enhancing geological structures and identifying subtle variations in magnetic or gravity data.
Mathematically, the first vertical derivative can be represented as eqn (2) and the second order

derivative eqn (3).
oM

FVD === )
02M
SVD === 3)

Where M, is the potential field anomaly, FVD is the first-order enhancement filter and SVD
is the second-order enhancement filter. The vertical derivatives are a measure of curvature,
and large curvatures are associated with shallow anomalies. Thus, it enhances near-surface
features at the expense of deeper anomalies (Sunday et al., 2025; Usman et al., 2019). This will
aid in identifying subtle lineaments of interest for quantitative measurements. To obtain the
approximate depth to the source of the anomalies, Euler deconvolution method was applied
to the enhanced data. This technique provides automatic estimates of source location and
depth. Therefore, Euler deconvolution is both a boundary finder and depth estimation
method. Euler deconvolution is commonly employed in magnetic interpretation because it
requires only a little prior knowledge about the magnetic source geometry, and more
importantly, it requires no information about the magnetization vector (Usman et al., 2021).
Euler deconvolution is based on Euler’s homogeneity equation and could be written in the
form eqn (4):
(x - X052+ (y -yl + (2~ 205,= N (B-T), ().

where B is the regional value of the total magnetic field and (xo,yo,z0) is the position of the
magnetic source, which produces the total magnetic field T measured at (x,y,z). N is called

structural index. For each position of the moving window, an over-estimated system of linear
equation is solved for the position and depth of the sources (Usman et al., 2021).

RESULTS AND DISCUSSION

The aeromagnetic method utilized in this work considers the anomalous field structural
features which are indicators for determining the causative bodies of interest in order to truly
ascertain the anomalies that are caused solely by deeper homogeneity of the earth crust. The
total magnetic intensity map (figure 3) acquired with field values range from - 65.0 to 82.0
(nT) shows that the area covers approximately the merged aeromagnetic sheets numbered
Sheet 53. (Maru), sheet 54. (Gusau), sheet 76. (Dangulbi) and sheet 77. (Chafe). With higher
and lower undulating magnetic intensity signals indicating higher field values around regions
of Maru and Dangulbi sheet, with medium to high field values around Gusau and and Chafe
regions, this clearly shows the difference in magnetic field intensity across the region under
consideration, this (TMI) map was therefore subjected to regional residual separation, the
polynomial fitting approach was considered to separ8ate the presumable deep seated regional
effect from the observed field to obtain the residual effect which generally outlines the
anomalies of interest for further interpretation.
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(Figure 3) Total Magnetic Intensity

The residual anomaly Map (Figure 4) obtained represents the prominent features of anomalies
that are of importance to geological assessment. This residual anomaly map produced helps
give an insight to the clear picture of those anomalous areas that are of importance to
geological and geophysical assessment than the prior information seen from the total
magnetic intensity (TMI) map with magnetic field intensity value range of - 76.8 to 45.7 (nT).
This anomalous zones are sparsely distributed along the region in E - W pattern as well as NE
- SW and NW - SE direction, with both Maru and Dangulbi areas indicating the higher field
intensity region as in the map of the total magnetic intensity (TMI) (figure 4).
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(Figure 4) Residual Magnetic Intensity
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Consequently after careful observation, the residual anomaly map (figure 4) was then
subjected to qualitative analysis using the first order enhanced filtering technique otherwise
called vertical derivative filtering which is a measure of curvature to enhance linear features
at the expense of deep-seated features in other to visualize the clear pathways of the probable
linear structures that can play host to mineralization. The result obtained showed magnetic
intensity value range of -0.106 to 0.058 nT/km (figure 5) with several key linear trend in the
area, particularly the obvious lineament along the Chafe axis with a long elongated structural
pattern.
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(Figure 5) First Order Enhanced Vertical Derivative

From the proceed of the interpretation performed in other to visualize a clearer picture of the
linear features as in (figure 5), the associated data (map) was then subjected to lineament
analysis by extracting the lineament of interest from the enhanced vertical derivative map, the
result obtained clearly outline those structures that are probable zones that can host
mineralized veins. This lineament could serve as the bedrock geological setup that houses and
controls the pathways of the mineralogical fluid processes in the region. From the map (figure
6), it is clearly obvious that regions around Maru and Chafe has a clear pathways of clearly
aligned linear trend along the NE - SW direction with an equally aligning linear trend along
Gusau and Dangulbi indicating a more visual NW - SE direction (figure 6) which are
indications of the probable mineralized fluid flow pattern in the region. This result however
shows that both areas around Maru and Chafe has more clearer pathways and proximity and
can serve as the center for exploration targets across the area under consideration.
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The geologic contact map (figure 7) was generated in other to give the boundary of the
causative bodies this is because a contact naturally is formed through deposition by the
intrusion of magma, faulting, or through deposition of rock beds, this generally helps separate
one rock body from another. The generated geologic contact map shows that there is a vein
type intrusive rock formation commonly prevalent across the region with the horizontal
layers indicating an unconformity that also indicate that their exist a larger volume of lava
flow that forms the intrusion in the bedrock geological setup which aids in changes in
morphology and can also confirm the center for exploration target for all intrusion related
deposits in the region. It is also important to know that most of this geologic contact
orientation is in agreement with the lineament alignment towards Maru and Gusau in a NE -
SW direction with an equally aligning linear trend along Dangulbi and Chafe indicating a
more visual NW - SE direction.
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The map (figure 8) represents a rose diagram indicating the orientation of the structural
morphology of the causative bodies of interest such as joint and fault in rock masses. The
fracture pattern indicated in the result shows the structural relationship to mineral deposits
with a clear view of the trend in NE - SW direction indicating the presence of an intrusion
inside the natural geological structure as a result of faulting which is also in agreement with
the structural alignment of the trend associated with anomalies of interest as indicated in
(figure 6) and (figure 7) respectively.
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(Figure 8) Rose Diagram

After careful observation and assessment of the geological structural setup within the vicinity
of the area considered in this work, quantitative interpretation approach was therefore
employed to help determine the sources associated with the emplacement of the mineralized
structural bodies. This approach utilized the Euler deconvolution technique to aslcertain the
sources associated with this mineralization controlled structures and the corresponding depth
estimate of the causative bodies across the region were determined. This procedure which
utilizes the Euler in-homogeneity equation considers the total magnetic field intensity grid
(TMI) data to determine each source and characterize them. The result obtained showed that
the entire region has their sources sparsely spread with each source indicating the depth to
top of the structural field constrain from medium to low and medium to high depth values
(figure 9). This associated depth values range from 106.7 - 616.7 meters with both Maru,
Gusau, Dangulbi and Chafe areas having sparsely distributed depth range for all mineral
controlled structures across the location of the sources. The choice of utilizing the four
adjacent half degree slheet aeromagnetic data is such that previous findings (Osumeje et al
2021) considers only a small portion of the area in part of Maru without having to ascertain it
regional significance or areas that such features can extent in other to have a complete
coverage of the vast morphological alighment of structures that can aid in the emplacement
of the minerals in the region.
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In many gold fields, gold is hosted mostly by quartz veins (Nforba et al., 2020) and such is the
case with Maru schist belt. The mineralized veins showed different stages of veins
emplacement in the area. The orientation style of the veins plotted on the rose diagram
showed that the quartz veins on the schist are generally trending in the NE - SW direction
(figure 8). It is also important to know that studies within the anka and wonnaka and possibly
Kazaure schist belt (Shehu et al., 2019) to which the Maru schist belt is in close proximity, also
indicate (NE - SW) direction in the orientation styles suggesting a vein type emplacement.

This in turn proves that gold mineralization within the Maru schist belt are structurally
controlled, which is also in agreement with the findings of (Osumeje et al., 2021). Similar
studies (Arhin et al., 2015; Shehu et al., 2019) which also shares a close boundary with the area
also concludes that subtle mineralization within the area are associated with vein type
emplacement. It is important to know that the result obtained correlate with known mineral
occurrence in the area and adjoining schist belt regions across board, which further validate
this finding. This further confirm that gold is found in Nigeria in primary veins, alluvial and
eluvial placer deposits, and in various locations along schist belts in the Northwestern and
south western half of Nigeria, (Garba 2003). These areas includes Maru, Anka, Malele,
Tsohon-BirninGwari-Kwaga, Gurmana, Bin Yauri and Iperindo regions, (Usman et al., 2019;
Augie and Ridwan 2021; Shehu et al., 2019; Garba 2003), the geological setting of the Maru
Schist belt indicates a potential for hosting valuable mineral deposits.
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CONCLUSION

The application of aeromagnetic method used to delineate and characterize gold bearing
quartz veins adopted in this work help reveal geological structures and potential mineral
zones in the area. The mineralized veins showed different stages of vein-type emplacement in
the area. The orientation style of the veins plotted on the rose diagram showed that the quartz
veins on the schist are generally trending in the NE - SW direction suggesting a vein type
deposition associated with structurally controlled intrusive dykes formation inside the
natural geological structure responsible for mineral deposits emplacement. The associated
depth values for mineral controlled structures range from 106.7 - 616.7 meters with both
Maru, Gusau, Dangulbi and Chafe areas having sparsely distributed depth range for all
mineral controlled structures across the location of the sources which are considered deeper
sources. These associated findings is consistent with earlier studies (Usman et al., 2019;
Osumeje et al., 2021; Shehu et al., 2019; and as a result validate the reliability of this study.
These findings will guide the activities of miners and future exploration in the region and by
extension boost economic growth.

It is recommended that future research for ground validation and integrated geochemical and
resistivity or seismic survey to further quantify and confirm the results of the aeromagnetic
work can be carried out.
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