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Abstract

The objective of the study are to delineate structurally controlled mineralisation zone in the study area and map out subsurface
structures below the ground surface that play host to minerals (fractured zones, fault lines and lithologic contact). The
mineralisation potential of Kataeregi (Latitudes 09°21'N and 09°25'N and Longitudes 006°17'E and 006°22'E) and its environs
have been investigated using acromagnetic data. Aeromagnetic data acquired from Nigeria Geological Survey Agency was used
to analyse and interpret the magnetic signatures using different filters. The 3-DEuler deconvolution map locate and estimate the
depth to various anomalous bodies with depth to source body between 30 m and 428.5 m. The results revealed lineaments
trending majorly in NE-SW directions. The FVD anomaly map established the oval and linear shapes anomalies with values
between -5.78 to 0.34 nT/m, the ASA amplitude map reveals wide range of values between 0.03 to 0.76 nT/m, the TDR map
showed variations in anomalies with values ranging from -0.06 to 1.42 rad/m. The unveiled subsurface structural features are
responsible for hosting mineralised deposits. The highlighted lineament represents the short wavelength magnetic anomalies
which cut across the migmatite gneiss and amphibolites schist of the study area. The depth was estimated using a window size
of 2550 m width and a maximum depth tolerance of 14%. Generally, these suggested that these lineaments reflect real continuous
fault/fractures in depth.
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1. Introduction

The recent priority given to the diversification of the Nige- Gold deposit is by far the most important exploration target in
rian economy, the development of the solid mineral sector has  the schist belts of Nigeria and contains world class potential
become very active. The focus on how to locate and develop gold reserves. Structural and hydrothermal alterations, which
metalliferous deposits in the country has taken a centre stage. are critically important in controlling gold mineralization
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throughout the schist belts can be mapped out using geophys-
ical methods [11]. Lithologic units, lithologic boundaries,
fractures and mineral accumulations are more accurately iden-
tified and delineated using the combination of surface geolog-
ical mapping, geophysical data, and geochemical data on sub-
surface samples. Recent improvement in the analysis of geo-
physical data and enhancement transforms, have increased ge-
ophysical dataset resolution, so that very insidious changes in
responses can be seen [3].

Geological and geophysical interpretation of the area will
be done to gain insight into the structural setting, lithological
contacts and possible alteration zones as well as identify pro-
spective structurally controlled mineralisation of the area. Pri-
marily, mineralisation in Nigeria is mostly lithologically and
structurally controlled. Structures include faults, shear zones
(lineament), pegmatites, quartz and quartzite veins. The meth-
odology for the research is to capture the general trends of sur-
face and subsurface structures which control primary gold
mineralization in the area. The exercise comprises surface ge-
ological mapping, lithologic and structural analysis of geo-
physical and geochemical data [2]. Magnetic minerals present
in soils may either be inherited from the parent rocks (litho-
genic origin) formed during pedogenesis (pedogenic origin)
or may stem from anthropogenic activities (secondary ferro-
magnetic materials). Hematite and magnetite are common
minerals that occur as primary and secondary minerals in soil

and provide a major sink for pollutants such as heavy metals
in soils. They have been known as major minerals contributing
to the magnetic susceptibility of a soil [6]. In the light of the
current challenges in improving economic base of the country,
there is a need to derive detailed information on the extent, the
trend and depth to structures (e.g., dykes, shear or frac-
ture/fault zones) that might be controlling emplacement of
mineral deposits in the area. Regional features are of funda-
mental importance in selection of targets for mineral explora-
tion, while localize features such as contact and shear zones
are responsible for the localisation of the mineral deposits [18].
These geologic features could be either directly observed or
interpreted from data sets such as aecromagnetic and Landsat
imageries.

2. Description of the Study Area

The study area (Kataeregi) Figure 1 is located 39 km along
Minna — Bida road, in Katcha Local Government Area of
Niger State, North-central Nigeria. The area is part of Bida
Sheet 184 NE and is located between Latitudes 09°21'N
and 09°25'N and Longitudes 006°17'E and 006°22'E. It lies
between the geographical co-ordinates of Northing’s 1038000
— 1037700 mN and Easthing’s 206030 — 206455 mE in the
Universal Traverse Mercator (UTM) Minna Zone 31.
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Figure 1. Location map of Kataeregi, Niger State, Nigeria [19].
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3. Geology of the Study Area

The area consists of mixed geology of both basement and
sedimentary rocks. The rocks units consist of schists, migma-
tites, gneisses, granites, quartzite of Precambrian age (> 550
million years old) [12]. The area is dominated by schistose
rocks that serves as host to auriferous quartz vein where the
mining is taking place (Figure 2). The schists are intercalated
with amphibolites observable along the River Chanchaga, the
schists had already been mapped and considered as part of the

Kusharki Schists. The schists are intruded by plutonic rock
and exposed at sabon Eregi and Kataeregi with xenoliths of
phyllites. The study area is dominated by migmatites-gneisses
complex and granites at the North and South-eastern parts
and Bida sandstone to the extreme South-western part [19].
The sedimentary terrain falls within the Bida Basin of central
Nigeria and covers the central and southern part of the state.
The rocks of the basin comprise of conglomerates, sandstones,
siltstones, mudstones and ironstones [12].
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Figure 2. Geological map of the study area.

4. Review of Geophysical Methods

Adebiyi et al. [1] uses structural interpretation of magnetic
and satellite remotely sensed data of Osun State, Southwestern,
Nigeria The magnetic lineament map reveals that the struc-
tural trend in the area is dominant by NE-SW and NNE-SSW.
These structural trends were found to be consistent with the
regional tectonics of the Southwest Basement of Nigeria. The
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NE-SW is the most conspicuous structural trend in the study
area.

Tawey et al. [23] utilises application of aeromagnetic data
to assess the structures and solid mineral potentials in part of
north central Nigeria. The result indicates that lineaments
mapped trending in the ENE-WSW followed by WNW-ESE
with some NE-SW, NNE-SSW and NNW-SSE trends. The
second vertical derivative (SVD) map also helped in delineat-


http://www.sciencepg.com/journal/ajpa

American Journal of Physics and Applications

http://www.sciencepg.com/journal/ajpa

ing structures and possible mineralization zones that are pro-
nounced within the study area, around high analytic signal
zones. Delineated possible and favorable mineralisation zones
from second vertical derivative map correlate with portion of
the study area with rocks showing high analytic signal ampli-
tude suggesting the rocks to be of later magmatic intrusions
where mineralisation fluids solidify within the host rocks.

Ejepu et al. [11] used integrated geosciences prospecting
for gold mineralization in Kwakuti, North-Central Nigeria, it
was observed that schist occupies moderate to low elevation
areas and they display high magnetic field intensity values.
The migmatites are dotted with quartz veins which constitute
the gold mineralisation zone. Gold concentration distribution
pattern in the area is skewed NE-SW, thereby suggesting that
the NE-SE structures control the mineralization. Mining ac-
tivities will be more efficient if directed along the NE-SW
structurally trend.

Olomo et al. [18] applied integrated approach involving
aeromagnetic and land sat for delineating structures and its
implication on mineralisation Enhancement of the magnetic
anomalies observed from the interpreted magnetic anomaly
map involved the use of reduction to equator, wavelength, up-
ward continuation and derivative filters. The 3-D Euler decon-
volution and radial spectral analysis were applied to locate and
estimate the depth to various anomalous bodies, with depth to
source body between 50 m and 500 m. The processed images
revealed lineaments trending majorly in NE-SW directions di-
agnostic of primary structures of potential targets for mineral-
isation in the area. Generally, coincidence of both Landsat and
aeromagnetic lineaments trends were observed in the study
area, which suggested that these lineaments reflect real con-
tinuous fault/fractures in depth.

L(6)=

[sin(l)—i.cos(l).cos(D—é’)]2 *(—0032 (D—H))

5. Material and Method

High resolution magnetic data was acquired from the Nige-
rian Geological Survey Agency. The data were processed to
the following:

1) Production of total magnetic intensity (TMI)

2) The total magnetic intensity (TMI) anomalies were sub-
jected to reduction to equator (RTE) to subdue the effect
of the low latitude region.

3) The RTE anomalies structural lineaments were extracted
using Centre for exploration targeting (CET)

4) The Rose diagram which reveals the trends dissecting
the study area was determined.

5) The reduced to equator anomaly data was subjected to
the first vertical derivative, analytical signal and tilt de-
rivative to enhance the near-surface using oasis montaj.

6) The depths to the concealed structures were estimated
using 3-D Euler deconvolution technique.

6. Theories of the Adopted Magnetic
Interpretation Methods

6.1. Reduction to Equator (RTE)

The Reduction to magnetic equator (RTE) is a filter that is
usually applied to the TMI anomalies in order to centre struc-
tures and anomalous bodies over their respective causative po-
sitions.

The RTE filter depend on the inclination and declination of
the body’s magnetisation of the local earth’s field and orien-
tation of the body with respect to the magnetic north [4]. The
RTE is governed by the equation below [13];

1t ([1a1), =1

Where L(H) is the reduction to equator (RTE), I is the ge-

omagnetic inclination, |, is the inclination for amplitude cor-

rection and D is the geomagnetic declination.

6.2. First Vertical Derivative (FVD) Map

The first vertical derivative (FVD) is applied to the reduced
to pole anomaly data. The FVD allows the vertical imaging of
the shallow causative structures. This is the FVD refines the
effect of high frequency (short wavelength) magnetic features
at the expense of the short frequency (long wavelength). It also
enhances the textural variation in the data and hence helps to
visualised subsurface structural features such as folds, faults,
fracture and contact zones which could not be depicted clearly

[sinz(Ia)+0052(Ia).cosz(D—H)]*[sin 2(I)+cosz(l).cosz(D—0)]
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(1

2
from the reduced to pole map. The FVD computes the high

frequency anomalies using the Laplace transformation expres-
sions as thus;

V2F=0 3)

where V2f is the Laplace transform which can be expressed in

full as;
_ | ot o
x> oyt

0z, 0y and 0x are the differentials in z, y and x coordinate.
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Then nth vertical derivative can be computed once the Fou-
rier transformation is known by using the equation (5).

"f
F= 0
oz"
where F is the Fourier representation of the field, K is the wave
number or frequency and f is the input to be filtered [17]. As

such, the n is taken as one (1) for the first vertical derivative
filter.

}:K"-F(f) (5)

6.3. Centre for Exploration Targeting (CET)
Structural Lineaments

The CET plugin on the Oasis montaj software identifies and
enhances linear geologic structures on from a potential field
data [7]. This technique was applied to the RTE grid using the
following steps;

(a). The textural analysis which involves the calculation of
the standard deviation in order to determine the magnetic dis-
continuities and complex textures zones. The standard devia-
tion works based on the equation as thus; For a window con-
taining N cells, whose mean value is L, the standard deviation
o of the cell values x; is given as;

1 N 2
ENPACED (©)

i=1

(b). The created standard deviation grid was subjected to the
lineation and vectorisation transformation to producing the
structural complexity map of the study area.

7. Estimation of Depths to the Concealed
Structures

The 3-D Euler deconvolution method is also independent of
the direction of source magnetization, which makes it deem fit
for low-latitude region. The 3-D Euler deconvolution tech-
nique detect the subsurface structural features as well as esti-
mate their respective depths. It makes use of the x, y, and z
derivatives of the TFA anomaly data to determine the depth
and boundaries of different geologic model of interest using a
structural index (N). For example; N = 0 for geologic contact,
N =1 for thin dyke or sill, N = 2 for horizontal or vertical
cylinder and N = 3 for magnetic sphere or dipole [20]. The
structural index of one (1) for thin dykes or sills was used. The
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3-D Euler deconvolution is based on the Euler’s homogeneity
equation [24] given as:

C=x) 5+ =y o+ z=2) L =NB~F) (7)

Where, xo, yo and zp are the position or coordinate of the
magnetic source, (X, y, z) are the location of the field measure-
ment, F is the total field value, B is the regional value of the
total field and N is the degree of homogeneity is also referred
to as structural index [20]. The 3-D Euler deconvolution map
of the study area was produced using 6000 m width window
size and a maximum depth tolerance of 50%.

8. Results and Discussion

8.1. Results of Aeromagnetic Data

Figure 3 represent the total magnetic intensity (TMI) map
of Kataeregi mining site. The TMI map was formed by adding
a constant value of 33000 nT to the field anomaly data. The
analysis of the TMI data were used to delineate the geologic
structures that are concealed within the study area.

8.2. Interpretation of Total Magnetic Intensity
(TMI) Anomaly Map

In general, the northern, mid and southeastern parts (Figure
3) of Kataeregi mining site are characterised by high magnetic
intensities denoted in red to pink colours with values between
331168.7 and 33176.9 nT respectively. The regions of moder-
ate magnetic intensities (green to yellow colours) had values
between 33005.4 and 33072.9 nT. The areas characterised by
low magnetic intensities (blue to magenta colours) had values
between 32728.2 and 32985.2 nT. However, the present study
area (Kataeregi) marked by mine symbol falls within the mod-
erate to high magnetic intensity zones. The TMI map was spa-
tially correlated with the geologic map of the study area (Fig-
ure 2). It was observed that two major lithologic units namely;
Migmatite gneiss and amphibolites schist were observed in the
northern and southern part of the study area respectively. Mig-
matite gneiss and amphibolites schist usually have high and
low magnetic intensities respectively. The study area falls
within the low latitude region there is therefore the need to
place the magnetic sources anomalies directly above the caus-
ative sources [9]. This can be achieved by subjecting the total
magnetic intensity anomaly data to reduction to equator (RTE),
for easier interpretation and understanding.
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Figure 3. Airborne total magnetic intensity anomalies map of the study area.

8.3. Interpretation of the Reduced to Equator
(RTE) Anomaly Map

The TMI anomalies (Figure 3) were reduced to equator in a
bid to subdue the effects of the low latitude region. It is im-
portant to note that, at low latitude with which the study area
falls into. There is decrease in the magnetic field intensity
which causes local magnetic bodies to have lower magnitude
than those produced by an identical structure at high latitude
[5]. As such, the reduced to equator anomaly map (Figure 4)
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represents a well-positioned magnetic anomalies directly
above their respective sources. In contrast, there is a slight
shift in the position of the magnetic anomalies in TMI map
(Figure 3) and the reduced to equator map (Figure 4). It is
worth knowing that the area of interest Kataeregi denoted by
black mining symbol, is bounded relatively low (yellow to
green) to high magnetic (red to pink colours) intensity anom-
alies north to south. The relatively low to high magnetic inten-
sity anomalies coincide with migmatite gneiss and amphibo-
lites schist respectively.
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Figure 4. Reduced to equator (RTE) anomaly map derived from TMI data.

8.4. Interpretation of the Reduce to Equator
(RTE) Structural Lineaments Map

The RTE structural lineaments map (Figure 5) denotes the
subsurface structural features such as; faults, folds, fractures
and shear zones which are concealed in and around the study
area. The subsurface structural features were automatically
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extracted and produce for better pictorial view in contrast to
the TMI and RTE figures 3 and 4 maps respectively. The un-
veiled subsurface structural features (lineaments) are possibly
responsible for hosting mineralised deposits [22]. The study
area (Kataeregi mining site) is dissected by series of trending
lineaments (ENE-WSW, NNE-SSW and ESE-WNW). The
highlighted lineament represents the short wavelength mag-
netic anomalies which cut across the migmatite gneiss and
amphibolites schist of the study area.
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Figure 5. Subsurface structural lineaments map derived from the RTE data.

In addition, the Rose diagram (Figure 6) of the reduced to
equator, reveals the lineaments predominantly trending in the
ENE-WSW directions. However, the observed ENE-WSW
trends could be due faults of Eburnean 2000 Ma event of de-
formation [16]. The NNE-SSW trends on the other hand are

Y

S

S

attributed to the Pan-African 600 Ma orogenic event of defor-
mation [15]. Meanwhile, the ENE-WSW, NNE-SSW and
ESE-WNW obtained from this study correlated with most of
the NNE-SSW trends that host mineralised deposits in accord-
ance with [15].

s{"

Figure 6. Rose diagram derived from reduced to pole lineaments of the study area.
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8.5. Interpretation of the Reduced to Equator
First Vertical Derivative (FVD) Maps

The visual inspection of the FVD map (Figure 7) reveals
negative and positive FVD anomalies of different amplitudes.

This map reveals both (positive and negative) anomalies. Ev-
idently, the study area falls within the low to high negative
FVD anomalies in yellow to pink colours with values between
-5.78 and 0.34 nT/m. The low to high negative FVD anoma-
lies over the study area coincided with the relatively low RTE
anomalies (Figure 4).
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Figure 7. First vertical derivative map derived from the RTE data.

The FVD map (Figure 7) enhanced the visibility of the short
wavelength anomalies such as; faults, folds, shear zones
among others, which were veiled up by the long wavelength
anomalies in contrast to the RTE map (Figures 4). In a bid to
examine the structural geologic features, the FVD anomalies
were transformed into grayscale colour to have an enhanced
view of the subsurface lineaments. The grayscale colour map
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(Figure 8) of the FVD unveils the distribution of the various
oval and elongated subsurface structural features. These struc-
tural features can be observed in bright white colour segments
over the entire map. Interestingly, part of this bright white col-
our (lineament) cut across the study area. The RTE lineaments
(Figure 5) were superimposed on the FVD grayscale map and
a good correlation was observed. Thus, implying that the
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adopted methods complimented each other.
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Figure 8. Grayscale first vertical derivative map derived from RTE anomalies.

8.6. Interpretation of the Reduced to Equator
Analytic Signal (ASA) Map

The analytic signal (AS) amplitude map (Figure 9) displays
the subsurface variations in the magnetic responses of the
study area. The AS amplitude was estimated through the inte-
grated calculations of both vertical and horizontal field com-
ponents of the RTE anomalies. The AS amplitude map reveals
wide range of values between 0.03 to 0.76 nT/m. Although,
the regions of low RTE anomalies (Figure 4) signifies high AS

7

amplitude (Figure 9) and vice versa. This sudden variation
could be attributed to the suitability of analytic signal method
at low latitude region. The AS method unlike first vertical de-
rivative is independent of the direction of magnetisation. The
present study area lies between high AS amplitude from the
north and moderate AS amplitude from the south. The ob-
served high and moderate AS amplitudes are due to short-
wavelength anomalies that could be associated with mineral-
ised deposits [8]. These high and moderate AS amplitudes are
quite similar to the short-wavelength as observed in Figures 7
and 8 resulting from the first vertical derivative maps.
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Figure 9. Analytic signal amplitude map produced from RTE anomaly.

8.7 Interpretation of the Reduced to Equator
Tilt Derivative (TDR) Map

Tilt derivative (TDR) map (Figure 10) is an output of one
of the shallow enhancement techniques is similar to first ver-
tical derivative (FVD) and analytic signal (AS) amplitude. The
TDR technique is less vulnerable to noise and thus, is suitable
for mapping shallow basement structures and mineral explo-
ration targets [24]. This technique depends on locating partic-
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ular set of contours resulting from tilt angles [21]. The Tilt de-
rivative is an effective technique used in locating vertical con-
tacts from the reduced to magnetic equator (RTE) in low lati-
tude region like the study area. The zero contours are em-
ployed to depict the spatial position of the edges of magnetic
bodies. In general, the tilt derivative technique works under
the presumption that source bodies are having vertical edges
with no remnant magnetisation [14]. The TDR map (Figure 10)
show broad ranges of variations in anomalies with values from
-0.06 to 1.42 rad/m, covering the study area and its environs.
This map enhanced the edges of sources in contrast to the FVD
and AS maps as shown in Figures 7 and 9.
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Figure 10. Tilt derivative (TDR) map produced from RTE anomaly.

8.8. Interpretation of the 3-D Euler
Deconvolution Depths Map

The 3-D Euler deconvolution map (Figure 11) reveals the
trend as well as estimate their respective causative depths to
the structural features. The depths obtained from these struc-
tures varies between 38.0 and 428.5 m. The 3-D Euler decon-
volution technique was carried out on the total magnetic in-
tensity anomaly data. This is because the 3-D Euler deconvo-
lution method is independent of the direction of magnetisation
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i.e., it does not require the inclination and declination infor-
mation prior to the depth estimation [10]. The depth was esti-
mated using a window size of 2550 m width and a maximum
depth tolerance of 14%. In addition, structural index of one for
sills and dykes geological model was used. Additionally, the
subsurface structural lineaments (Figure 5) map is similar to
the 3-D Euler deconvolution depth trends (Figure 11). Though,
the trends from the 3-D Euler deconvolution depths solutions
yields a better result in contrast to the subsurface structural
lineaments (Figure 5). This is because a linear structure with
NNE-SSW cut across the study area (Kataeregi mining site)
which was not well captured in the RTE lineament map (Fig-
ure 5).
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Figure 11. 3-D Euler deconvolution map computed from TMI data.
9. Conclusion 10. Recommendations
It can be concluded at magnetic data has aided in delineat- 1) The researchers recommend that relevant Government
ing areas of mineralisation potential of Kataeregi and its envi- agencies should utilize the research and harnessed the
rons. The visual inspection of the FVD map reveals negative natural resources in the study
and positive anomalies of different amplitudes with values 2) Ground truthing should also be conducted to further as-
that varies between -0.01 and 0.34 nT/m. This map reveals certain the anomalous bodies in the study

both (positive and negative) oval and linear shapes anomalies.

Evidently, the study area falls within the low to high negative ..
anomalies with values that varies between -0.01 and -0.34 Abbreviations
nT/m. The unveiled subsurface structural features are respon-
sible for hosting mineralised deposits. The study area is dis-
sected by a NE-SW and E-W trending lineaments. The high-
lighted lineament represents the short wavelength magnetic
anomalies which cut across the migmatite gneiss and amphib-
olites schist of the study area. The 3-D Euler deconvolution
technique was carried out on the total magnetic intensity
anomaly data, the depths obtained from these structures varies
between 38.0 and 428.5 m. Generally, these suggested that
these lineaments reflect real continuous fault/fractures in
depth.

NE Northeast

SW Southwest

AS Analytic Signal

FVD First Vertical Derivatives

TDR Tilt Deravatives

TMI Total Magnetic Intensity

RTE Reduction to Equator

CET Centre for Exploration Targetting
NNE  North North East
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