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Abstract

The aeromagnetic data and pseudo-gravity transforms were used to analyze the structures and mineralization
potential of Osi NE, in the Basement complex rocks of Southwestern Nigeria. The 3D Euler deconvolution was
used highlight the trend characteristic of magnetic lineaments, isolate the zones where the 2 and 3D structures
and their associated minerals occur in large proportions and to calculate the depth to magnetic and gravimetric
basement. From the research it was deduced that; the lineament features from 3D Euler deconvolution and their
mineralization which generally coincided with the river channels indicate a structural control of the drainage
system and the associated mineralization in the study area, the rose plot of the extracted lineaments showed a
predominance of NE-SW and NW-SE trends typical of Nigerian Basement which support Pan African as the
major tectonic event while the 2 and 3D structures and their inferred mineralization show that the mineralized
zones follow the geologic structures and make the study area .

Key words: Aeromagnetic data, Pseudo-gravity transforms, Structures, 3D Euler deconvolution, Mineralized
Zones.

1. Introduction

The most commonly used first step in a geophysical exploration process is aeromagnetic
survey permitting detection of ambient magnetic fields caused by magnetic minerals that are
in the ground. Magnetic maps are often used in conjunction with other geophysical survey
methods such as radiometrics, and VLF-EM to create more comprehensive geophysical and
geological picture of the survey area (Gaafar, 2012; 2015). Generally, geophysical
prospecting aids in the search for mineral deposits by in-situ measurements. It thus helps in
target definition and delineation of ore zones (Anand et al., 2001; Kwaku et al., 2019). Solid
mineral exploration requires interpretation of high resolution airborne data which are usually
targeted at delineating possible rocks, zones and structures which can serve as host (Amigun
and Anu, 2013). Integrated geophysical exploration programmes proved to be successful in
identifying the sub-surface evidences of mineralization or associated structures/alteration
zones (Gaafar, 2014).
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The magnetic and gravity methods have been employed worldwide in gemstones and
metalliferous mineralization target definition. These methods adopt distinct signatures that
are associated with the host rock and the structural features in the mineralization target
definition. The 3D Euler deconvolution has been used to calculate the depth to magnetic and
gravimetric basement and to delineate the host rock and their associated mineralization using
structural indices (Olawuyi et al., 2016). Linear anomalies are important in the interpretation
of gravity data, because they indicate some important structural features and contacts
(Clotilde et al., 2016). The 3D Euler Deconvolution approach of Clotilde et al. (2016) is quite
similar to this work, but they only applied it to Bouguer data in an attempt to find depth to
basement of lineaments. Olawuyi (2017) on the other hand is the proceeding of this work at
the abstract level while, Olawuyi et al. (2016) used the same approach over Lafiagi study
area but concentrated only on the 2 and 3D structures which are associated with mineral-rich
rocks. Opara et al. (2015) in their own case uses both spectra and 3D Euler deconvolution to
calculate depth to magnetic basement and to delineate the associated structural features in

their chosen study area.

In this research, the aeromagnetic data and pseudo-gravity transforms have been used to
analyze the structures and mineralization potential of Osi NE, Southwestern Nigeria. The 3D
Euler deconvolution techniques was used to calculate the depth to magnetic and gravimetric
basement and to delineate the structures and their associated mineralization using structural

indices.

1.1 The Study Area

The study area covers Osi NE (Sheet 224) in the Southwestern Nigerian Basement Complex.
It is bounded by latitudes 8°15' and 8°30' N and longitude 5°15' and 5°30' E, covering an area
of 743 km? (Fig. 1). The Southwestern Nigeria is generally represented by series of older
metasediments and gneisses that are known to be of Precambrian to Lower Paleozoic age
(Oyawoye, 1972). The crystalline rocks of a Precambrian to probably Palaeozoic Basement
Complex occupy the study area and these are represented by migmatites, banded gneiss,
schist, quartzite, charnockite, amphibolite, granite gneisses and granites as discovered during
the geologic field mapping exercise. Using magnetic method, Okpoli and Oludeyi (2019)
described the rocks at Iwo region of southwestern Nigeria as trending approximately in the

northeast-southwest direction, with most of the delineated lineaments striking mostly in
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NNE-SSW, NE-SW and NW-SE with minor trend of E-W and ENE-WSW direction, in a

manner suggesting that they were products of Pan African Orogeny.

The Nigerian Basement lies to the south of the Tuareg shield. Evidence from the eastern and
northern margins of the West African Craton indicates that the Pan-African belt evolved by
plate tectonic processes which involved the collision between the passive continental margins
of the West African Craton and the active continental margin (Pharusian belt) of the Tuareg
shield about 600 Ma ago (Leblanc, 1981, Caby et al., 1981, see also Garba, 2011). The
collision at the plate margin is believed to have led to the reactivation of the internal region of
the belt.
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Figure 1: Geological Map of the Study Area as obtained from the field. Inset is the Geological Map of Nigeria
(Adapted from Ajibade and Umeji, 1989).
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The complex subsurface geology which reflects the basement tectonics could possibly be
associated with faulting, folding and rifting that resulted from the reactivation/reworking that
followed the Pan-African orogeny which produced the Basement Complex rocks of the study
area and Nigeria (Black et al., 1979; Caby et al., 1981). The Basement Complex has been
described by various authors (Oyawoye, 1972; Odeyemi, 1988) as a complex rock
assemblage which includes migmatites, gneisses, quartzite, paraschists, and a series of basic
to ultrabasic metamorphosed rocks which have been intruded by Pan African granites and
other intrusions such as pegmatite and aplite dykes and veins, quartz veins and extrusive

diorites and dolerites.

1.2 Structural Geology

Megwara and Udensi (2013) described lineaments as ‘major topographic features or geologic
structures that could be of regional extent usually in linear or curvilinear continuous or
discontinuous over an entire length’. Ajakaiye et al. (1991) suggested that magnetic
lineaments with definite characteristics exist within the Nigerian continental landmass. ‘Some
lineament patterns have been defined to be the most favourable structural conditions in
control of various mineral deposits (Megwara and Udensi, 2013). Others include: 2D (i.e.
vertical or horizontal cylinder or pipe) and 3D (i.e. sphere or dipole) structures.

2. Materials and Methods

2.1 Data Source and Analysis

The aeromagnetic grid map of Osi NE (Sheet 224) was procured from the Nigeria Geological
Survey Agency (NGSA), Abuja, Nigeria. The data was collected at Flight Height of 80 m,
Flight line spacing of 500 m, and Tie line spacing of 2000 m.

2.2 Methods

2.2.1 Regional — residual separation:

The study area does not have complex geology and it has spatial extent, thus, it seemed
plausible to assume that the regional field is a first-order polynomial surface (Megwara and
Udensi, 2014). The Total Magnetic Intensity (TMI) data obtained for the area was therefore
stripped of a uniform value of 32,000 nT. Figure 2 is the Reduced Aeromagnetic field map of
the study area. It was obtained by processing the TMI map with the Reduced - to - Equator
(REDE) filter of the Oasis montaj™ software. The Reduced - to - Equator (REDE) filter was
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used instead of the Reduction - to - Pole (RTP) to remove magnetic inclination effect since
the study area is in low magnetic latitude region (Gilbert and Geldano, 1985), while the
pseudogravity transforms were used to augment the magnetic data because they are easier to
analyze than magnetic anomalies (Sharma, 1997) and can replicate the gravity data. It should
also be noted that, for running the 3D Euler deconvolution it is not compulsory to use a

reduced map, a TMI map can also be used. So it is safe to use Figure 2 above for this work.

2.2.2 The 3D Euler Deconvolution Method:

According to Davis and Li (2009), ‘Euler deconvolution was originally developed in
exploration geophysics for rapidly estimating the location and depth to magnetic or gravity
sources. It is based on the fact that the potential field produced by many simple sources obeys
Euler’s homogeneity equation’. In many cases, maps of gravity and magnetic data (and
transforms thereof) provide good constraints in the horizontal location of an anomaly source.
Euler deconvolution adds an extra dimension to the interpretation. It estimates a set of (x,y,z)
points that ideally fall inside the source of the anomaly. Euler deconvolution requires the x-
,y,and z- derivatives of the data and a parameter called the Structural Index (SI) (Uieda et
al.,2014). The location and depth determination in gridded magnetic and gravity data is
normally achieved using the Euler3D menu of Oasis montaj™. The method accepts the usage
of TMI grid (Uieda et al., 2014), while the REDE or RTP processing is used to center the
anomaly over the source. With respect to the homogeneity of the potential field, the SI varies
for different fields and source types. For example, a sphere is represented by a Sl of 3 and a
dike is represented by a Sl of 1 when dealing with total-field magnetic-anomaly data
(Stravrev and Reid, 2007).
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Figure 2: Superimposition of Reduced Aeromagnetic Field Map and its Contour.

Theory of Euler Deconvolution Method:

According to Davis and Li (2009), ‘If a given component of the magnetic anomalous field
AT (X, Y,2) satisfies:

AT (txty,t2)=t" AT (X, Y,2), 1)
where n is the degree of homogeneity, then by differentiating Eq. (1) with respect to t, it can
be shown that

aAT+yaAT+26AT:nAT, @)

X
oX oy oz

where X, y, and z are the coordinates of field observation points and the source is assumed to

be at the origin’. Davis and Li (2009) further explained that, the degree of homogeneity is
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source dependent and characterizes how fast the field decreases as a function of distance to
the source. As an example, they said the total-field anomaly produced by a dipolar source
decreases as inverse distance cubed and the corresponding degree of homogeneity is n = -3; a
cylinder has n = -2; a dyke has n = -1; and a contact has n = 0 and that typical Euler solutions
for depth estimation use 0, 0.5, or 1 and since the potential field is inversely proportional to
the distance raised to some power, the degree of homogeneity is non-positive and the
negative of the degree of homogeneity is the structural index (SI) and will be denoted as N.
In the magnetic method, structural indices range from 0 - < 0.5 (vertical geological contact)
to 3 (sphere or tank) (Reynolds, 1998).

3. Result and Discussion

3.1 Pattern Interpretation of the Aeromagnetic and Pseudogravity Data

Figure 3 (a) is the Total Field Aeromagnetic Map and its contour that has been reduced to the
equator using the REDE submenu of Oasis montaj™ software, while Figure 3(b) is the
Pseudogravity map and its contour. For qualitative analysis, the aeromagnetic and
pseudogravity anomalies maps have been divided into three distinct zones and subzones of
various magnetic and gravimetric characteristics based on their patterns. These include:

Q) Zone A which is characterized by anomalies with moderately high to very high
magnetic reliefs (i.e. Al and A2; Fig. 3a) with corresponding low to very low density reliefs
(i.e. Al and A2; Fig. 3b) in the Northern part of the study area. The amplitudes here vary
mostly from < 52 to > 100 nT and from < -0.018 mGal to approx. 0.003 mGal for magnetic
data and pseudogravity transforms respectively. The major rocks here include: banded gneiss,

quartzite and granite.

(i)  Zone B which is characterized by low to intermediate magnetic reliefs (i.e. subzones
B1'toB3; Fig. 3a) with corresponding high density reliefs (i.e. subzones B1 to B3; Fig. 3b) in
the central part of the study area. The anomalies in this zone have amplitudes varying mostly
from < -6 nT to 52 nT and 0.003 to approx. 0.025 mGal for magnetic data and pseudogravity
transforms respectively. The rocks here include: migmatite, granite, schist, granite gneiss and

charnockite.
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(iii)  Zone C is characterized by mixture of high and moderately low magnetic reliefs
(i.e.subzones C1 and C2; Fig. 3a) with corresponding moderate and low pseudogravity reliefs
(i.e. subzones C1 and C2; Fig. 3b). These anomalies have amplitudes of approx. 29 to > 100
nT and -0.018 to approx. 0.001 mGal for the magnetic and gravity data respectively. This

zone is associated on the geological map with charnockite, granite and migmatite.
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Figure 3: (a) Total Field Aeromagnetic Map (REDE) and its Contour (b) Pseudogravity Map and its Contour.
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3.2 Superimposition of Zone Coloured Euler Solutions for Lineaments on Drainage
Map
Figures 4 and 5 show the superimposition of zone coloured Euler solutions for near surface
lineaments (i.e. magnetic S.1 = 0.0 and pseudogravity S.I = 0.5 respectively) on the drainage
map of the study area. The drainage in this study area has in a manner similar to the nearby
Lafiagi (sheet 203) appear to be structurally controlled (Olawuyi et al., 2015; 2016). This has
made it possible to infer that the lineament features in this study area similarly coincide with
the river channels, hence the attempt to superimpose the Euler lineaments (S.l.= 0.0 magnetic
and S.1. = 0.5 pseudogravity) on the drainage map. The depth investigated is from 0 — 100m.
Both maps show the predominance of the NE-SW and NW-SE trends and coincidence of the
faults/lineament features or zone of discontinuities with the river channels thereby showing

that the drainage in the study area is structurally controlled.

3.3 Rose Diagram

Fig. 6 is the rose plot of faults/lineament features (inferred from the structurally controlled
drainage) showing the predominance of the NE-SW and NW-SE trends. This agree with the
fact that the Pan African in Nigeria was followed by conjugate strike slip fault systems which
average in the NE-SW and NW-SE direction and show dextral and sinistral sense of
displacement that cut across the earlier Pan African structures (Wright, 1976 and Ball, 1980).
Also, there i1s evidence of the St. Paul’s and Romanche Fracture Zones within the nearby
Bida basin (Udensi et al., 2003) and the bedrock at the southcentral part of the Bida basin is
highly faulted: two sets of faults trending in a northwest- southeast and northeast-southwest

direction (Idornighie and Olorunfemi, 1992).
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Figure 4: Superimposition of Magnetic Euler Solutions for Lineaments on Drainage Map.
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Figure 5: Superimposition of Pseudogravity Euler Solutions for Lineaments on Drainage Map.
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Figure 6: Rose Plot of Fault/ Lineament Features from (a) REDE lineament SI=0.5 and (b) Pseudogravity
lineament SI1=0.0

3.3 Zone Coloured Euler Solutions for 2 and 3-D Structures

Figures 7a and 7b show the results obtained for structural indices 2.0 (i.e. vertical or
horizontal cylinder model; magnetic) and 3.0 (i.e. sphere or dipole model; magnetic)
respectively. The zones where there are good number of clusters are labelled A to F for a

particular structure (e.g pipe or sphere). They are regarded as prospective zones for mineral
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prospecting. In Oasis montaj™, window size determination is either by default (i.e. 20 x 20)
or through iterations, as the correct Sl for a given feature will give the tightest clustering of
solutions or sharpest focus of results. Kimberlite pipe which is well known for hosting large
quantity of minerals (diamonds and garnet) and rocks (peridotite and xenoliths) (Macnae,
1979; Barongo, 1983; Paterson et al., 1991; Macnae, 1995a; 1995b; Keating and Sailhac,
2004) has been detected or explored worldwide using structural index 2.0 (magnetic) of 3D
Euler Deconvolution (Paterson et al., 1991; Cowan et al., 2000; Mahmoodi, 2016) while
tanks and drums have been detected or explored worldwide with structural indices 3.0
(magnetic) of 3D Euler Deconvolution (Marchetti and Settimi, 2011). Figure 7c is the
geologic map of the study area showing the different zones and the corresponding lithologies

with the magnetic structures.

From Figures 7a, b and ¢ which represents the magnetic 2 and 3D structures obtained from
3D Euler deconvolution and their corresponding rock types, it is clear that zone A (Banded
Gneiss, Migmatite and Granite), B (Granite, Migmatite, Granite Gneiss, Schist and
Amphibolite), C (Migmatite), D (Migmatite, Granite, Charnockite and Granite Gneiss),
Migmatite, Granite Gneiss) and F(Granite) are the corresponding rock types for the different
zones. Their rate of occurrences in the six zones are: Migmatite (5/6), Banded Gneiss (1/6),
Quartzite (0/6), Granite Gneiss (3/6), Amphibolite (1/6) and Schist (1/6). Migmatite is the

most predominant in term of the number of
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Figure 7: (a) A Typical Aeromagnetic Euler Solutions Zones Map for Pipe (S.1 =2.0).

219



Olawuyi

28' 8°30’

ILORIN JOURNAL OF SCIENCE

8214’ 8°16" 8°18' 8°20" 8°22' 8°24" §°2¢’ §°

; =
: =
. a. =
- g . . : . s e
T..-...l.. o o ki) | i eereecafers o i s —f—
5°148°16" S5°18" 5°20°" 5°22" 5°24° 5°26" 5°28" 5°30° -
Dept 0RO e O 2000

(meters)
WGS S84/ UTM zone 32N

Figure 7: (b) A Typical Aeromagnetic Euler Solutions Zones Map for Sphere (S.1 =3.0).
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Figure 7: (c) Geological Map of the Study Area showing the Different Zones where Pipes and Spheres
(Aeromagnetic) Cluster and their Corresponding Rock Types.
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occurrences and the largest in size, followed by Granite. Quartzite did not appear in any of

the zones A to F.

Figures 8a and 8b show the results obtained for structural indices 1.1 (i.e. pipe and dyke
model; pseudogravity) and 2.0 (i.e. sphere or dipole model; pseudogravity) respectively. The
areas where there are good number of clusters are labelled G to J for a particular structure
(e.g pipe or sphere). Kimberlite pipe which is well known for hosting large quantity of
minerals (diamonds and garnet) and rocks (peridotite and xenoliths) (Macnae, 1979;
AtchutaRao and Sanker-Narayan, 1981; Barongo, 1983; Macnae, 1995a; 1996b; Keating and
Sailhac, 2004) has been detected or explored worldwide using structural index 1.1 (gravity)
of 3D Euler Deconvolution (Paterson et al., 1991, Cowan et al., 2000;
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Figure 8: (a) A Typical Pseudogravity Euler Solutions Zones Map for Pipe (S.l =1.1).
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Mahmoodi, 2016) while tanks and drums have been detected or explored worldwide with
structural index 2.0 (gravity) of 3D Euler Deconvolution (Marchetti and Settimi, 2011).
Figure 8c is the geologic map of the study area showing the different zones and the

corresponding lithologies with the gravimetric structures.

From Figures 8a, b and ¢ which represents the pseudogravity 2 and 3D structures obtained
from 3D Euler deconvolution and their corresponding rock types, it is clear that zone G
(Banded Gneiss), H (Banded Gneiss, Quartzite and Granite), I (Migmatite, Charnockite,
Granite and Granite gneiss) and J (Migmatite and Granite) are the corresponding rock types
for the different zones. Their rate of occurrences in the four zones are: Migmatite (2/4),
Granite (3/4), Banded Gneiss (2/4) Amphibolite (1/6) and Schist (1/6). Migmatite is the
largest in size but occurred in only 2 zones, followed by Granite and Banded Gneiss, both of

which are almost the same in size. Others occurred in different but smaller sizes.

4. Conclusions

Regional aeromagnetic data from Osi NE study area were processed for structural mapping
and elucidation of the mineralization potential of the area. The lineament features are
represented by faults and fractures (Figures 4 and 5), while the 2 and 3D structures are
represented by vertical or horizontal cylinder to sphere or dipole (magnetic; Figures 7a and b)
and pipe and dyke to sphere (pseudogravity; Figures 8a and b) model in the study area. The
mapped faults and lineament features and their associated mineralization generally coincide
with the river channels on the drainage map (Figures 4 and 5), which indicate a structural
control of the mineralization in the study area. These set of structures which are generally
oriented in the NE-SW and NW-SE directions agree with the geology of this area. Some
lineament patterns have been known to be most favourable in control of various mineral

deposits.

The 2D structures are represented by Euler structural indices 2.0 (i.e. vertical or horizontal
cylinder model; magnetic) and 1.1 (i.e. pipe and dyke model; pseudogravity) respectively.
Kimberlite pipe which is well known for hosting large quantity of minerals (diamonds and
garnet) and rocks (peridotite and xenoliths) has been detected or explored worldwide using
structural indices 2.0 (magnetic) and 1.1 (gravity) of 3D Euler Deconvolution. The 3D
structures are represented by Euler structural indices 3.0 (i.e. sphere or dipole model,
magnetic) and 2.0 (i.e. sphere or dipole model; pseudogravity) respectively. Tanks and drums
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have been detected or explored worldwide with structural indices 3.0 (magnetic) and 2.0
(gravity) of 3D Euler Deconvolution. From the research, it could be inferred that the
mineralized zones follow the geologic structures in the area. More so, since the study is
regional, it is still a preliminary study which has to be followed up by ground truthing later.
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