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Abstract

High-resolution airborne magnetic data over Auchi and its environ, have been analysed with a view to
delineate the geological lineaments, estimate source parameters within the studied area. The
geological lineaments were mapped using horizontal gradient magnitude and analytical amplitude
signal method. The total magnetic intensity (TMI) values of Auchi and its environs ranges between -
68.52885 nT and 79.85480 nT with clear disposition of different geological zone and distinct anomaly
ranges. TMI map reflects the variations in the magnetic field intensity and amplitude, indicating
variations in lithology and Basement morphology across the study area. The Centre for exploration
targeting porphyry analysis revealed and identifies linear geological structures within the study area
contained within the high resolution airborne magnetic data through standard deviation. The output
estimates magnetic variations and thereafter, filtered using phase symmetry to separate laterally
continuous lines. The resulted lineaments was enhanced (Signal to noise ratio) by suppressing noise
and background signals using an amplitude thresholding operator which produced vectorization map.
The vectorization analysis revealed the Basement rocks which occupy both the eastern and western
parts of the study area covered by cretaceous sandstone.
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1. Introduction

Airborne geophysical surveys are exceptionally important aspect of modern geophysics.
Compared with ground surveys, airborne surveys allow faster and usually cheaper coverage,
of large areas. Geophysical methods implemented on airborne platforms include aeromagnetic
and magnetic gradient surveys, airborne electromagnetic surveys, airborne radiometric sur-
veys, airborne gravity and gradiometric surveys and airborne remote sensing methods. At the
largest reconnaissance scale, the most common airborne surveys are aeromagnetic surveys.
Until the last couple of decades, the other primary application of airborne surveys was in
mineral exploration ['1. The early use of potential field methods in petroleum was to map
sedimentary basin thickness, but high resolution surveys are used to investigate basement
trends and intra-formational structures. High resolution methods are now being applied in the
groundwater, environmental, and engineering studies [-2], Aeromagnetic data have been
widely used in exploration since after the World War II [1.3-4], Recent improvements in acqui-
sition and processing technology enable better understanding of subsurface structure and de-
fine the basin architecture. The aeromagnetic survey is a powerful tool in delineating the re-
gional geology (lithology and structure) of buried basement terrain. The detailed aeromagnetic
map is a proven to be very effective in cases where the geology of the study area is clearly
known. However, the immediate purpose of magnetic surveys is to detect rocks or minerals
possessing magnetic properties, which reveal themselves by causing disturbances or anoma-
lies in the intensity of the earth magnetic field. High Resolution Airborne Magnetic (HRAM)
survey is the collection of magnetic data over a large expanse of area by small aircraft and
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interpreting the data using several interpretational techniques [61, HRAM surveys have a res-
olution in the nanotesla scale such that in addition to adequately mapping magnetic rocks
which can be adopted to map intra-sedimentary faults segment with elevated magnetic min-
erals deposit concentration that generate small variation in the anomalies. The tiny variations
in the intensity of the ambient magnetic field due to the effect of temporal constantly varying
solar and spatial variations in the earth’s magnetic field logged measured by magnetometer
as the aircraft flies. This is as a result of both earth regional magnetic field, and the local effect
of magnetic minerals in the earth crust. The correction done by subtracting the solar and
regional effects, the resulting airborne magnetic map shows the spatial circulation and com-
parative great quantity of magnetic minerals in the upper levels of the crust [7-°1. The magnetic
method has come into use for identifying and locating masses of igneous rocks that have
relatively high concentration of magnetic minerals (magnetite). Magnetite is the most common
ferromagnetic mineral and in most cases, the magnetic permeability is determined by the
amounts of magnetite and related minerals available in the rock which can be measure using
magnetic survey. Also, determination of trends, extents and geometries of magnetic bodies in
an area, and to interpret them in terms of geology can be accomplished with the help of
magnetic survey. Structural trends are faithfully reproduced in magnetic patterns, but assign-
ment of rock type is ambiguous, since ranges of values of magnetic susceptibilities of different
rock types may overlap [10-18],

This present work is an attempt to provide better understanding of the structural frame-
work, geological features and the sources parameters which can be an aid to further explora-
tory efforts in the area under consideration. The processes involves analyzing and interpreting
high resolution magnetic data collected with flight spacing of 400 m and elevation of 80 m.
This will be achieved using Fourier filtering, gradient enhancement and CET techniques. When
interpreting aeromagnetic data, it is necessary to compare structures or magnetic anomalies
delineated from the derivatives with the geology of the area under consideration.

2. Geological setting

The Auchi formation is composed mainly of coal measures with rivers flowing through its
boundaries. Other minerals within the Auchi region include coarse porphyritic biotite/horn-
blende-biotite & granodiorite, porphyroblastic gnesis, and undifferentiated older granites
mainly porphyritic granite with porphyroblastic gnesis. Other minerals of close proximity to
the Auchi region includes fine grained, flaggy, quarts-biotite-schist and gnesis. [1°1 and [29]
indicated that the study area is composed of migmatite-gneiss-quartzite complex with little
supra-crustal rock relics. Auchi falls within a region known as the Precambrian basement
complex of the country. This is composed of a suite of crystalline rocks which have been
exposed in over nearly half of the country. However, [211 in the year 1976 and Ball in the year
1980 mentioned that the basement complex of Nigeria is zoned in the western part of the
Pan-African shield. Such region extends west into the Dahomey of Benin Republic [221, The
dominant lithologic units of the study area are gneisses of migmatite, biotite and granite which
are regionally emplaced; the ferruginous quartzite is the source of the iron ore mineralization
in the area [23], The lithology of this region of study can be identified from the geologic map
of the study area. These materials include quartzite, migmatite, schist with pegmatite intru-
sion, biotite rich granites, charnokitic rocks, and quartzite and quartz schist, Augen gnesis,
calc-gnesis, marble, and metaconglomerate (Figure 1).

3. Material and method
3.1. Data description

The data set (aeromagnetic data) used in this study were magnetic anomaly field (sheet
number 266) acquired during high resolution airborne geophysical surveys of Nigeria by Fugro
Airborne Survey Limited for Nigerian Geological Survey Agency between year 2003 and 2009
[24]1 The survey was flown in drape mode using real time differential Global Positioning System
(GPS) at a sensor mean terrain clearance of 75m. Traverse and tie line spacing were 500 m
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and 2000 m respectively while flight and tie line directions were NW-SE and NE-SW respec-
tively [24]1, The aeromagnetic data were obtained using a proton precession with resolution of
0.1 nT. The flight line direction was in the direction 135 azimuths while the tie line direction
was in 45 azimuths. The average magnetic inclination, magnetic declination and magnetic field
strength across the survey were 14.02°, 3.83%and 32,446.006 nT respectively. The data were
de-cultured, leveled, corrected by removing International Geomagnetic Reference Field 2008

(IGRF), gridded at an appropriate cell size that enhances anomaly details and reduces possible
noise and latitude
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Figure 1. Geological Map of the Auchi and its environs

3.2. Magnetic data processing

The processing of the magnetic anomaly data is based on the analysis of the computer
digitized complied information using minimum curvature gridding techniques at different alti-
tudinal levels (elevation) from measured total magnetic intensity of the study area as shown
in Figure 2. This gridding method fits minimum curvature curves to the data point as well as
producing visually alluring maps from irregularly spaced data and attempts to express trends
suggested in the data using methods described by [25],

3.3. Data filtering

The area under consideration is made up of Basement Complex, thus the interest was to
remove cultural effect and enhance short wavelength signal emanating from shallow geologi-
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cal features. Digitized aeromagnetic data were made to improve its quality for better under-
standing of the subsurface geology of the deposit by filtering operation [26-271, The desired
improvements on the quality of the aeromagnetic data was achieved by the application of two
dimensional Fast Fourier transform filter i.e. upward continuation, Reduction to equator.
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Figure 2. Magnetic Intensity (Magnetization) Map of Auchi and its Environs

4. Interpretational techniques

4.1. Reduction to equator reduction to equator RTE

Auchi and its environs were situated at low magnetic equator and since Earth’s (back-
ground) magnetic field intensity decreases from the poles of the equator, thus, the peaks of
magnetic anomalies were wrongly positioned over their sources as well as skewed along a
particular given direction. Therefore, this makes interpretation magnetic anomalies complex,
uncorrected. However, at low magnetic latitude, a special reduction to equator which trans-
forms the observed magnetic anomaly at equator into anomaly that would have been meas-
ured if the magnetization and ambient field were both vertical was proposed by [281, RTE
operation transforms theoretical magnetic anomalies located at the pole and magnetized by
induction only into the observed magnetic anomalies.

The desired improvements on the quality of the aeromagnetic data were achieved by the
application of two dimensional Fast Fourier transform. [28]1 assumed that set of observed mag-
netic data acquired on plannar observation surface. [28] modify earlier work done by [2°]1, where
express reduction to pole operation in wavenumber domain is given as equation 1,

Ao uv
Ar(u,v) = W) (1)

(sinI+icosIcosIcos(D—6))2

where D and I is the declination and inclination of the core field,(v,u) is the wavenumber
corresponding to the Az > 0 directions respectively, 8 = tan™! (%) andi? =1.

Taking horizontal magnetization into consideration, I=0 and D —6 is close+90, which
makes the imaginary part close to zero, thus reduction to pole processing will be unstable at

low latitude and singular at the equator. In order to overcome this complexity, the entire
observed magnetic field were subjected to Fast Fourier transform (FFT) given as equation 2

A,(u,v) = Ar(u,v)(sinl + icos1cosIcos(D — 8))? (2)
According [28] gpplication of inverse Fourier transform to equation 2 gives equation 3;
F714,[(u,v)] = [Ar(u,v)(sin] + i cos I cos I cos(D — 6))?] (3)
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4.2. Upward continuation

Upward continuation filter operation allows the transformation of data measured on one
surface to some higher surface [*1 and have tendency to smooth the acquired data by atten-
uating short-wavelength magnetic field anomalies signatures relative to their corresponding
long - wavelength. 41 showed the expression for upward continuation from Green’s third
identity of a potential field measured on a level z = z,at the point P = (x,y, z, — 4z2);

yz—42) =[5 %, W) gy'dy’, 4z > 0 (4)
" [(x—x')2+(y—y')2+zlz]E

Applying the Fourier convolution to equation 5 gives;
F[U,] = FIUIF[#,] (5)
where ¥, (x,y,4z) = 4z s is the analytical expression of F[¥,] and F[U,] is the Fourier

2m(x2+y2+4z2)2

transform of the upward continuation field.

Thus, the upward continuation fiter equation is given by Equation 6
F[#,]=e 22Kl — Az>0 (6)

4.3. Vertical gradient

Vertical gradient derivative was proposed by [30] by applying Three Dimensional (3D) Hil-
bert transforms in the x and y directions. The vertical derivatives of the gradient analysis can
be applied to potential field data either in frequency or space domain. In this study, vertical
gradient derivative was used to enhance shallow subsurface structural features with their
boundaries edges and associated lineaments. This technique amplifies short wavelengths of
higher frequencies at the expense of longer wavelength anomalies, in order to magnify and

mapped shallower causative sources. The algorithm for vertical gradient is given as equation
7 (291,

Alu,v) = A(u,v) (M> (7)

n

Where A(u,v) the amplitude present at a given frequencies, n is the order of the derivative.
4.4. Analytic signal amplitude

Analytic signal amplitude is a filtering transform formed through the combination of horizontal
and vertical gradient of a magnetic anomaly field. Nabighian [7-31] evolved the concept of the
transforming analytic signal amplitude for magnetic response and showed that its amplitude
gives a bell-shaped function over each corner of a 2D anomaly (body) with polygonal cross-
section. The amplitude, A of the analytic signal of the total magnetic field T is calculated from
the three orthogonal derivatives of the field using Hilbert transform can therefore be written
as Equation 8. This filter applied to reveal the anomaly texture and highlight discontinuities
also enhance short- wavelength anomalies [32],
2 2 211/2

ey 01 =((G) +(5) +(E) ] (®)

Equation 8, reveals the location of the source in the horizontal plane which can therefore
be deduced from the peak position of the amplitude of the analytic signal and the source depth
can be estimated as the half width of the half maximum of the amplitude of the analytic signal [321,

4.5. Horizontal gradient magnitude

The horizontal gradient magnitude is the least susceptible to noise in the data and interfer-
ence effects between nearby sources during the analysis, because it only requires calculation
of the first-order horizontal derivatives of the magnetic field. Horizontal gradient magnitude
can be therefore be calculated using Equation 9. Mathematical and theoretical details HGM are
as discussed by [20,33-37]

Howy = () +(5) + (%) )
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4.6. Pseudo-gravity transformation

In 1957, [38] ysed Pseudo-gravity transformation to transform magnetic data using Pois-
son’s equation to make easy the interpretation of the magnetic map. The Pseudo-gravity
transform enhances the anomalies associated with deep magnetic sources at the expense of
the dominating shallow magnetic sources. It is suitable transform for interpreting deep seated
mineral plumbing’s systems associated with known shallow minerals occurrences [38l, Thus,
[38] transforms Possion’s equation using Fourier transform as shown in Equation 10.

Flgml = —LLF[] (10)

Cm M
4.7. Centre for exploration targeting grid analysis

Centre for Exploration Targeting (CET) is a matching set of algorithms operation which
provides functionalities for enhancement of geological structures, lineament detection and
structural complexity analysis of potential field data [39-431, CET spontaneously delineate line-
aments and identify promising areas of foreign deposits (anomaly) through demarcation of
convergence regions and divergence of structural geometry using advanced statistical steps
which include lineation delineation, texture analysis, vectorisation and complexity analysis to
produce occurrence contact density map.

4.8. Centre for exploration targeting porphyry analysis

Centre for Exploration Targeting Porphyry is suite of algorithm that centered a circular
feature with their boundaries being zones of weakness that help to ascend hydrothermal so-
lutions. In order to delineate these features associated with them, CET porphyry approach
was used to process the RTP data of the studied area. The alteration zone and intrusion itself
are generally associated with positive magnetic anomalies signatures. The outer alteration
zones are much less magnetic in nature [441,

5. Discussion of results

The magnetic intensity (TMI) values of Auchi and its environs ranges between -68.52885
nT and 79.85480 nT with clear disposition of different geological zone and distinct anomaly
ranges. The MI map (Figure 2) reflects the variations in the magnetic field intensity and am-
plitude, indicating variations in lithology and basement morphology across the study area. The
blue portions of the maps represent the minimum magnetic intensity (moderate negative am-
plitude anomaly) areas; while the red color portions represent the maximum magnetic regions
(strong amplitude anomaly). The study area is marked by both high and low magnetic signa-
tures, which could be attributed to several factors such as; variation in depth, difference in
magnetic susceptibility, difference in lithology and degree of strike. This enables identification
of zones with significant -nT in blue colour are dominated in the SW part and scattered across
some parts of the study area while the maximum magnetic intensity are dominated in the NE
and scattered in some part of the study area. The long wavelength anomaly signatures within
the area under consideration is as a result of the underlying Basement and the short wave-
length anomalies sighatures are typically due to the presence of magnetized bodies at shal-
lower depths (that is; near surface depth). The high amplitude and prominent long wavelength
magnetic responses trending in the E-W in the north-eastern region might be due to a deep-
seated rock of relatively low magnetic susceptibility in the area. High amplitude anomalies are
noticeable around Magongo, Egbetua, Ugbo, Igboshi oke, Ubo, Eturu Ogute, Okugbe,Igarra
and northern part of the map. Ekpesa, Ibilo, Nneme Ekpo Oja sale and Dagbala also displayed
relatively high amplitude magnetic intensity response. Imagbon, Igbaga, Imeri. Auchi, Ugoha,
Obviomu, Jattu, Uokha, Ekpeye, Avia and Udochi are regions that exhibit low amplitude mag-
netic signatures. Most of these places coincide with portion of the study area with thin to
relatively thick sedimentary cover, where the effect of the thick weakly susceptible clastic
materials masks the high magnetic susceptibility emanating from relatively deep basement rocks

The reduction to equator of the magnetic intensity map (Figure 3) reveals the correction in
the asymmetries of the observed magnetic anomalies which had been minimized and centres
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the anomalies signatures directly over the causative elongated bodies. The reduced to equator
magnetic intensity values for the study area ranges from -55.048 nT to 70.082 nT. The re-
duced to equator map characterized with low frequencies signatures, long wavelengths, weak
intensity, sharp low amplitude and nearly irregular-shaped anomalies, which may due to near-
surface sources, such as shallow geologic units and cultural features.
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Figure 3. Reduction to equator of the magnetic intensity map

The vertical gradient derivative map revealed near subsurface geological features such as
faults as presented in Figure 4 gives a good representation of short wavelength anomalies
with high frequency of continuous trend. Vertical gradient operator filter enhances short-wave-
length anomalies responsible for shallow sources at the expense of long wavelength. It is
obvious that the north-eastern, south—eastern parts of the study area were dominated with
clusters of short wavelength anomalies indicating a relatively shallow depth of the causative
sources in comparison with the southern part where there are long wavelengths were ob-
served. It can be concluded a deeper sources conformable with the presence of a sedimentary
cover. Also, the first vertical derivative map revealed that E - W trend is the most pronounced
directions in the area.
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Figure 4. Vertical derivative of magnetization map of Auchi and its environs

The reduced to equator total magnetic intensity data were subjected to Horizontal Gradient
Magnitude (HGM) algorithm, which provides an effective exposure of magnetic anomalies lin-
eaments which could be attributed geological structures, such as; folds faults and contact
locations. The HGM of the magnetic intensity of the study area ranges from 0.0457 to
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0.15247nT with cluster of short wavelength anomalies signatures trending from western to
southern part of the study attributed to intrusive bodies and geological structures on the HGM
map as presented in Figure 5. The HGM maximum gradient (the black lines on the map) forms
linear pattern using CET analysis. Figure 4 show that the structures within the subsurface
trend in the E-W, NW-SE, NE-SW, WNW-ESE and ENE-WSW directions.
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Figure 5. Horizontal gradient magnitude of magnetic intensity of Auchi and its environs

Analytic signal amplitude (ASA) map of Auchi and its environs (Figure 6) was generated
from analytic signal amplitude grid computed from combination one vertical gradient and first
order vertical derivatives values of reduced to equator total magnetic intensity of the study area.
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Figure 6. Analytical signal amplitude of Auchi and its environs

ASA map of the study area shows the amplitudes of the magnetic signature highlights
discontinuities and anomaly texture. Protruding high amplitude analytic signal anomalies sig-
natures are apparent on the analytic signal map. The analytic function form an envelope of
possible phase shift of the observed anomaly and peaks over geological structure (contacts).
The analytic signal amplitude map also shows the attenuation of shallow sources features. The
magnitude of the amplitude of magnetic gradient intensity ranges from 0.010221 to
0.22055nT/km. Some regions in the map characterized with very high amplitude which reflects
lithological variation in magnetic basement, such as; ophiolitic serpentine, ophiolitic metagab-
bro, gabbroic rocks, dokhan volcanic and hammamat felsite as these rocks have high ferro-
magnesian with large amount of felsic minerals. The parts of the study area are dominated
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with low amplitude and indicates presences of thick sediment covering the weathered Base-
ment. and metasediments.

The Upward Continuation (UC) operation filter was applied to the reduced to equator at low
latitude magnetic data of Auchi, south-south Nigeria at various wavelength. The RTE magnetic
gridded was upward continued at wavelength of 5m, 10m, 15m and 20m. The UC operator
smoothens and filters out response of high frequency noisy data which correspond to near
surface effects. The enhanced deeper source and smoothened effects which are contributions
from subsurface geological formation having the response of magnetic variation ranges be-
tween, -61.8 to 61.7, -63.4 to 59.3nT, -63.1nT - 59.1nT, and - 62.9 - 58.9nT at depths of 5
m, 10m, 15m, 20m and 25m respectively as presented in Figures 7a,7b,7c and 7d. The upward
continuation solution also reveals that the variation in magnetic intensity decreases in value
with increasing continuation distances. The apparent susceptibility map Figure 8 revealed the
apparent susceptibility of the magnetization ranges from -0.00051 to 0.00058 SI. The region
of positive magnetic susceptibility could be due to the rock rich in diamagnetic minerals, and
are predominantly found around Azuka, Egbota, Eveike, Okpoto, Igboshi oke, and Magongo.
Region of intermediate magnetization which are found to be lying over Ibilo, Ankpeshi, Eg-
betuwa and Ugbo. Region of negative magnetic susceptibilities (low magnetization) were ob-
served around the Udochi, and Ogbona. This low magnetization is as a result of thick sediment
around the noted area [45],
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Figure 7a. Upward continuation map Auchi and its environs at Depth 5m
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Figure 7d. Upward continuation map Auchi and its environs at Depth 20m

The reduced to equator magnetic grid was also subjected to CET analysis filtering operator.
The CET grid was carried out on gridded data which identify linear geological structures con-
tained within the high resolution airborne magnetic data through standard deviation. The out-
put estimates magnetic variations and thereafter, filtered using phase symmetry to separate
laterally continuous lines.
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Figure 8. Apparent susceptibility map of Auchi and its environs
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The resulted lineaments were enhanced (Signal to noise ratio) by suppressing noise and
background signals using an amplitude thresholding operator which produced vectorization
map as presented in Figures 9. The vectorization map revealed the basement rocks which
occupy both the eastern and western parts of the study area covered by cretaceous sandstone.
A large number of faults and shear zone have been identified as presented in Figure 8. In
Figure 9, occurrence of contact which is the demarcation between two geological formations
was well pronounced in the density heat map, which is based on the automated lineament
detection output. The gridded magnetic data was subjected to CET Porphyry algorithm and
the output (Figure 10) reveals the orientation for minerals deposition and showing a high
probability for further mineral deposition in the study area.
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Figure 10. CET porphyry lineament trend of Auchi and its environs
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6. Conclusion

Interpretation of the high resolution airborne magnetic data sets revealed the both geolog-
ical parameters and geological structure within the study area. The Reduction to Equator of
magnetic map of Auchi and its environs revealed series of parallel continuous linear features
taken NW, SW, E-W trends with variable signature of magnetic amplitudes, which are related
to dyke, faults and shear zones. Also, RTE magnetic map showed strong positive and negative
magnetic anomalies signatures generating contact zones (demarcation), which may be con-
sidered with the linear geological features as prospective zones for mineralization. Analytic
Signal Amplitude analysis produced ASA map that clearly categorize the granite gneiss, por-
phyroblastic gneiss and coarse porphyritic from the surrounding rocks of the southwest Nigeria
Basement Complex based on geological geometry. ASA map of the study area also reveals
the amplitudes of the magnetic signatures which highlights discontinuities and anomaly tex-
ture. Protruding high amplitude analytic signal anomalies signhatures are apparent on the an-
alytic signal map. The results of CET Grid analysis and CET porphyry reveals structural com-
plexities, porphyry (dyke-like structures) and known mineralization prospects zone.
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