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ABSTRACT

In this study, different digital format data sources including aeromagnetic and remotely sensed
(Landsat ETM+) data were used for structural and tectonic interpretation of the southwestern part
of llesha, Osun State, Nigeria. Aeromagnetic data were analyzed using advanced processing
techniques (Spectral analysis, deconvolution). The aeromagnetic interpretation was carried out
using the Butterworth filter, reduction to equator, derivative filters and Euler deconvolution. The
results were improved by the study of enhanced Landsat ETM+ images and correlated with the
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NE-SW directions.

extracted surface lineaments. Two main lineament sets are observed in the study area. The major
lineaments strike NW-SE, NE-SW and the minor E-W. General coincidence of both landsat and
aeromagnetic lineaments trends were observed in the study area, reflecting the real continuous
fractures in the depth. The 3D Euler deconvolution and radial spectral analysis applied to locate
and estimate the depth to anomalous bodies, shows varying depth between 48 m and 280 m. The
map revealed the presence of major and minor faults, fractures as well as rock boundaries with the
frequency of fracturing. This suggests that the major fractures and faults in the area are deep
seated within the basement formation since that the spectral analysis enhances the anomalies
associated with deep magnetic sources. The processed image displays the lineaments trending
The new structural map derived from the combined aeromagnetic data and
landsat imagery, provides an effective tool for analyzing subsurface structure in the region.

Keywords: Aeromagnetic data; lands at Imagery; structural lineament; euler deconvolution; magnetic

structures; depth-to-magnetic source.
1. INTRODUCTION

Magnetometry method is one of the best
geoghysical techniques to delineate subsurface
structures. Generally, aeromagnetic maps reflect
the variations in the magnetic field of the earth.
Based on the fact that magnetic observations are
obtained relatively easily and cheaply and few
corrections must be applied to the observations.
Despite these obvious advantages, like the
gravitational methods, interpretations of magnetic
observations suffer from a lack of uniqueness.
Aeromagnetic data have consistently been used
in mineral exploration and geological mapping
such as faults since the early 1960s [1,2,3,4,5].
These variations are related to changes of
structures, magnetic susceptibilities and/or
remnant magnetization. Sedimentary rocks, in
general, have low magnetic properties compared
with igneous and metamorphic lithotypes that
tend to have a much greater magnetic content.
Thus, most aeromagnetic surveys are useful to
map structure of the basement and intruded
igneous bodies from basemen complex [6,7,8,9,
10,11,12]. The interpretation of aeromagnetic
maps involves interpreting the basement
structures and detailed examination of structures
and lithologic variations in the sedimentary
section. Magnetic basement is an assemblage of
rocks that underlie sedimentary basins and may
also outcrop in through structural windows [13,
14]. The main purpose of the aeromagnetic
survey is to detect minerals or rocks that have
unusual magnetic properties which reveal
themselves by causing anomalies in the intensity
of the earth’s magnetic field [15]. The
aeromagnetic survey is applied in mapping these
anomalies in the earth’s magnetic field and this is
correlated with the underground geological
structure. Faults usually show up by abrupt
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changes or close spacing in orientation of the
contours as revealed by the magnetic anomalies
[16]. Most mineral deposits are related to some
type of deformation of the lithosphere, and most
theories of ore formation and concentration
embody tectonic or deformational concepts [17,
18]. Some lineament patterns have been defined
to be the most favourable structural conditions in
control of various mineral deposits [19]. This
paper presented the results of aeromagnetic
interpretation for purpose the identifying of the
major faults of the investigated area. The
investigated area is very important in order to
trace out the lineaments like faults and fractures,
to delineate lithologic boundaries as revealed by
magnetic disturbances caused by different rock
types and to determine the depth to basement.

1.1 Site Description and Geology of the
Study Area

The study area is situated in the southwestern
part of the llesha, Osun State, Nigeria and lies
within the coordinates latitude 7°3220" to
7°38'20" North and longitude 4°36'20" to 4°44'20"
East (Fig. 1). Major and minor road linkages
characterize the study area linking both towns
and villages in the area. The topography of the
area is generally flat and punctuated in some
areas by hilly ridges and gentle steeps with
elevation of 320 to 390 m above sea level. The
study area falls within the Guinea Savannah belt
of Nigeria but exploitation and other human
activities have gradually changed the vegetation
to that of Sudan Savannah [20]. Geologically, the
investigated area is concealed with the
Southwestern Nigeria, in which the basement
complex composing migmatitegness complex,
metaigneous rock such as pelitic schist,
quartzite, amphibolites, charnokitic rocks, older
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Fig. 1. Location map of the study area

granite and unmetamorphorsed dolerite dykes.
The rock sequence consists of basically
weathered quartzite older granite, follow by
heterogeneous assemblages [21]. The geology
of the investigated area is mainly Precambrian
Basement rock. This is because of the tectonics
and metamorphic changes that has occurred in
the area [22]. The following series of rock stands
out in the Precambrian Basement rock of the
study area vis-a-vis amphibolites, schist and
amphibolites and Gneiss and migmatite
undifferentiated (Fig. 2).

2. RESEARCH METHODOLOGY

The remote sensing data (Lands at imagery)
were acquired from the Global Land Cover
Facility homepage and the automatic lineament
extraction process was carried out using “ENV/I”
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4.5, “Geomatical” pcl and “ArcGIS” 10.2 software
which was used for digital image processing and
lineament extraction. An aeromagnetic map on a
scale of 1:50,000 were acquired from the
Nigerian Geology Survey Agency (NGSA). The
aeromagnetic data was acquired at a nominal
flying altitude of 152 m (about 500 ft) with flight
lines spaced 2 km in the direction 60/240
(dip/azimuth) degree and contour interval of 20
nT. Magnetic instruments used are airborne
magnetometers and digital data acquisition
system track recovering system, recording
altimeters, magnetic compensation unit and
Doppler navigation system. Regional correction
was based on IGRF (1% January, 1974). The
processed airborne magnetic field intensity was
enhanced through the removal of the
International Geomagnetic Reference Field
(IGRF) over the area. The data projection used is
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the Universal Transverse Mercator (UTM)
Geosoft Oasis Montaj™ version 6.4.2 (HJ)
software was used in processing the

aeromagnetic intensity data. Other software
applications used include Surfer ™ Version 12
and ArcGIS version 10.5 for data analysis and
integration. To enhance the quality of the data
and separate anomalies of shallow sources from
deep sources; filters were applied on the total
magnetic intensity map in which the residual map
of the study area was generated. Total horizontal
derivatives of potential field data was generated
involving derivation of the square root of the sum
of squares of the x-and y-derivatives of the
magnetic intensity data. The Euler deconvolution
of the aeromagnetic field data was carried out to
determine the locations and depths of the source
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bodies, and other geologic sources in the area,
using a structural index of 0.5 and 1. The
structural trends obtained from the Standard
Euler Solutions from the Euler deconvolution of
the aeromagnetic data were import into ArcGIS
10.5 software environment, georeferencing and
digitized to generate lineament map which were
used to characterize the linear features in the
study area and rose diagram was generated
using Georient software. Estimation of depth to
magnetic sources recognized as contacts
between rocks, fracture, fault and sheared zones
were evaluated with the aid of spectral analysis
frequency. Following the interpretation of the
Landsat imagery and aeromagnetic data was
used in attempt to further define the structures
map delineated.
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3. RESULTS AND DISCUSSION
3.1 Total Magnetic Intensity Map (TMI)

Fig. 3 illustrate the TMI image indicating high
magnetic susceptible areas in low magnetic
values (blue) while low magnetic susceptible
areas are depicted as high magnetic values (pink
colour) . Total magnetic intensity level in the
study area ranges from -139.3 to 82.6 nT,
suggesting contrasting magnetic susceptibilities
or variation in structural extends of the rock types
in the investigated area. Major positive
anomalies were observed and may be attributed
to the presence of gneiss and migmatite
undifferentiated. Negative anomalies were
observed in the area which may be due to the
present of low magnetic rocks (e.g shists and
amphibolites) in the area, which are noted for low
magnetic signatures. The total magnetic field
intensity data was gridded using the minimum
curvature method. The total magnetic image
showed the difference in locations of high and
low magnetic intensities. The total field intensity
map had earlier been corrected for large varying
main earth’s magnetic and temporal diurnal fields
over the area.

3.2 Reduction to the Equator (RTE)

The RTE was performed to preserve low angle of
inclination at the equator, thus transforming the
source of magnetisation to be horizontal (Fig. 4).
The output of the RTE is similar to the magnetic
anomaly map of the study area because of the
low angle of inclination of the area. The RTE
map helps to remove magnetic inclination effect
in the low magnetic latitude region by centering
the peaks magnetic anomalies over their sources
and enhancing the basement architecture
including  structural lineaments  with its
orientations [7]. Two major magnetic zones
were identified based on the magnetic
intensity variation over the study area. The
Northwestern and northeastern parts are
dominated by high amplitude magnetic
anomalies values (between 3.7 nT and 76.6 nT).
However, towards the southeastern northwestern
and part of the central part of RTE, the area is
characterized by relative low amplitude magnetic
intensity values (between 119.3 nT and 15.5 nT)
marked with greenish to blue colours
suggesting regions characterized by geological
structures (fracture/fault) with low magnetic
contents.
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Fig. 3. Total magnetic intensity map of the study area
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Fig. 4. Reduction to magnetic equator of the study area

3.3 Upward Continuation Map

The upward continuation of the processed TMI
reduced to equator over the study area continued
upward to 2 km (Fig. 5). The indentified anomaly
patterns in this map are a qualitative
representation of spatial variation in the magnetic
properties of deep basement rocks and related
structures in the area. In physical terms, as the
continuation distance is increased, the effects of
smaller, narrower and thinner magnetic bodies
progressively disappear relative to the effects of
larger magnetic bodies of considerable depth
extent. As a result, upward-continuation maps
give the indications of the main tectonic and
crustal blocks in an area.

3.4 Residual Magnetic Anomaly Map

The Residual map obtained by removing the
computed regional data (long wavelength
anomalies) allows for the display of embedded
residual anomalies in the original aeromagnetic
map (Fig. 6). The residual magnetic anomaly
map of the study area illustrated that the
dominant magnetic anomaly trends in the study
are predominantly in the NE-SW direction with
values ranging from -104.6 to 65.8 nT. Magnetic
lows were within high magnetic reliefs zones at
various regions within the study area. In view of
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the low magnetic latitude of the study area, these
magnetic lows are symptomatic of rocks with
relatively higher magnetic susceptibility, a good
case in point being the anomaly over the schist
and amphibolites in the southwestern corner of
the map.

3.5 Horizontal Derivative Map along X-
Direction

Derivative filters are applied to enhance
aeromagnetic signature of linear magnetic
features and provides a means of enhancing
anomalies of smaller and near-surface that are
associated with geological structures (Fig. 7).
The essence is to attenuate the long wavelength
anomaly emanated from deep seated bodies and
accentuate short wavelength anomaly emanated
from shallow seated geologic bodies. It allows
the extraction of information about the linear
structures, contacts and the tectonic setting of
the researched area. The color scale horizontal
gradient images of the total magnetic intensity
enhanced the image by showing major structural
and lithological detail which was not obvious in
TMI image. Geological structures were well
delineated at the NE-SW direction which might
be considered as the representation of fault or
fracture.
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3.6 Horizontal Derivative Map along Y-
Direction

Derivative filters are applied to enhance
aeromagnetic signature of linear magnetic
features and provides a means of enhancing
anomalies of smaller and near-surface that are
associated with geological structures (Fig. 8).
The map of the horizontal gradient in the Y
direction of the study region allows the extraction
of information about the linear structures,
contacts and the tectonic setting. The map
patterns dominated by essentially NE-SW
striking anomalies are more pronounced.

3.7 Total Horizontal Derivative (THD)

Total horizontal derivative filter is an effective tool
in detecting edges of magnetized structures and
in the region. It tends to accentuate shallow
anomalies (Fig. 9). Total horizontal derivative
map was generated from the aeromagnetic data
in order to enhance the anomaly curvature of the
near-vertical structures arising from the changes
of contrasting magnetic susceptibility. It
encompasses information of the magnetic field
variation along the orthogonal axes completely
defining it. Consequently, structural features and
boundaries of causative sources can be
enhanced. Prominent structurally trend in the NW
— SW and some part of northeastern directions
were also in the map observed.

3.8 Analytical Signal Amplitude

The analytical signal of the magnetic anomaly
field can be effectively used to map the edges of
3-D and 2-D bodies [23]. This method is based
on the use of the spatial derivatives of magnetic
anomalies (F(x,y)) computed along three
orthogonal directions [24]. In this study, the
analytical signal of the aeromagnetic data
encompasses information of the magnetic field
variation along the orthogonal axes completely
defining it (Fig. 10). Consequently, structural
features and boundaries of causative sources
are determined more accurately.

3.9 Radially Average Power Spectrum

The spectral analysis of potential field data which
serves as an approximate guide in estimating the
depth of magnetic sources was also carried out
on reduction to equator (Fig. 11). It shows a
typical radial averaged spectrum of the digitized
aeromagnetic data and the depth estimate plot.
The theoretically average power spectrum of the
study area shows a normal plot that has straight
line segments which decreases in slope with
increasing frequency. From the radially average
power spectrum depth estimated curve, the
depth to the magnetic sources in the area ranged
from shallow 180 m to intermediate 280m.
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Fig. 5. Upward continuation data of the study area
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3.10 Depth Estimate Using 3D Euler
Deconvolution

The Euler deconvolution of the aeromagnetic
data was carried out to determine the locations
and depth of the source of magnetic anomaly
and other geologic sources in the area. The
methodology adopted was obtaining solutions by
inverting Euler homogeneity equation which
relates the magnetic field and its gradient
components to the location of the source of an
anomaly and with the degree of homogeneity
expressed as structural index. The Euler
deconvolution process was carried out on the
aeromagnetic data of the study area using
structural index of 1.0 (Fig. 12). During the
processing on Oasis Montaj software the
structural index of 1.0 yielded a window size of 5
corresponding to 100 m a maximum distance of
the source and a minimum depth tolerance of
15%. Depth range from 48.8 to 172.3 m was
obtained, which show relatively shallow depth as
related to delineated rock of boundaries. The
extracted lineaments reflect the position of
features such as fault, deep fractures and
geologic contacts.

3.11 Aeromagnetic Lineaments Map

3D Euler solution for the aeromagnetic data of
the study area, at Structural Index (S.I = 1.0) that
was produced using the GEOSOFT packages
was importing into ArcGIS environment. It was
georeferencing and digitized to generate
Aeromagnetic lineament map in Arcgis 10.5
environment  with  other  derivatives to
demonstrate the usefulness of aeromagnetic
structures in lineament mapping and analysis i.e.
to delineate geological structures (Fault, fracture,
joint etc) in the study area. In total, 115
lineaments  were extracted from the
aeromagnetic structure (Fig. 13). The arose
diagram  prepared from the extracted
lineaments on the aeromagnetic structures
shows that there is one predominant sets of
lineament which are closely related to tectonic
activities such as fractures, faults and joints in
the study area (Fig. 14). One set of the
lineaments trends NE-SW directions. Major
lineaments are dominated at the southeastern
part whereas there are traces of minor lineament
at the northeastern and central part of the study

area.
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3.12 Landsat Lineaments Map
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Lineaments extraction was based on the
identification and evaluation of the contrasting
tonal effects of geomorphologic features, which
are traces of fractures or fracture systems on the
processed Landsat image as described by [25].
However, automated Ilineament extraction
techniques were used in this work to increase the
details of existing data of lineaments map (Fig.
15). The main advantages of automated
lineament  extraction over the manual
lineament extraction are; the ability to uniformly
approach the different images; processing
operation are performed in a short time, and the
ability to extract lineaments which are not
recognized by human eyes. This was done by
applying LINE module of PClI Geomatica 9.1
software. The map shows that the northeastern
and southwestern parts are characterized by
high lineaments density, while the northwestern
and central parts were observed to have
scanty to low lineaments density. The rose
diagram of the lineaments prepared from the
lineaments map shows that there was one
predominant set of lineament trends which are
closely related to tectonic activities resulting in
features such as fractures, faults and shear
zones in the study area which trends NE-SW
direction (Fig. 16).

3.13 Structural Map

Integrating of the results obtained from landsat
imagery, aeromagnetic structures maps and 3D
euler deconvolution analysis allowed the
generation of an integrated structural map of the
study area (Fig. 17). This map was created from
a more detailed map that showed all structures
delineated by all the methods employed. It was
created by using single structures (blue line) to
represent all the clustered structures at an area.
This was done under the assumption that the
clustered structures are as a result of little
discrepancies in locating the same structure by
different approach. The map revealed the
presence of major and minor faults, fractures as
well as rock boundaries with the frequency of
fracturing on different rock types. The rose
diagram illustrates that most of the structures
delineated are oriented in the NE-SW direction
(Fig. 18). This suggests that the major fractures
and faults in the study area are deep within the
basement formation since the spectral analysis
enhances the anomalies associated with deep
magnetic sources at the expense of the
dominating intermediates magnetic sources.

FA4E 4 4VIE
earind coaas

g -.N
o //// A
33 \/ I
- Py
//// //,,u:n |
// 5o T
P Nl il |
' seogy o
e | ig
; ! T __-—‘/ -
/ ~
7 e
00.51 2 4
== =sss  wmKm Legend
— Lineaments Sttlement

Fig. 13. Aeromagnetic lineament map of the study area
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S

Fig. 14. Rose (Azimith-Frequency) diagram of aeromagnetic lineaments orientations
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ig. 16. Rose (Azimith-Frequency) diagram of landsat lineaments orientations
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S

Fig. 18. Rose (Azimith-Frequency) diagram of the structural map

4. CONCLUSION

This research presents the analysis of a regional
landsat imagery and aeromagnetic survey to
identifying new geological structures over the
investigated region. In order to map out the
geological structures of the study area, magnetic
image enhancing filters applied to the total
magnetic intensity (TMI) using Geosoft (Oasis
Montaj) are reduction to equator (RTE), total

horizontal derivative (THD) and upward
continuation (UC). These filters helped define the
lithological boundaries, geological structures,

faults, folds and contacts. The lineament of
aeromagnetic map was generated from derived
field intensity gradients and solutions of Euler
deconvolution carried out on the aeromagnetic
data using structural index of 1.0. The processed
image shows the lineaments trends majorly
toward NE-SW directions. These faults do not
seem to be reflected in the surface but the high
values of the anomalies suggest that they could
have expression in depth and that they may
represent important discontinuities in lithology.
The 3D Euler deconvolution and radial spectral
analysis applied to locate and estimate the depth
to anomalous bodies, shows varying depth
between 48 m and 280 m. The map revealed the
presence of major and minor faults, fractures as
well as rock boundaries with the frequency of
fracturing. This suggests that the major fractures
and faults in the study area are deep within the

31

basement formation since the spectral analysis
enhances the anomalies associated with deep
magnetic sources at the expense of the
dominating intermediates magnetic sources. The
processed image displays the lineaments
trending NE-SW directions. The new structural
map derived from the interpretation of the
aeromagnetic data, when combined with landsat
imagery, provides an effective tool for analyzing
subsurface structure in study area.
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