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Abstract: Evaluation of the part of Ife-Ilesha Schist Belt was done to define the structures, geology and map 

out alteration zones related to ore deposits. Datasets from airborne geophysical method proved vital for 

mapping geology and structures within Ondo extension of the Ife-Ilesha Schist Belt. The total magnetic intensity 

data covering the basement complex was processed and filtered using Reduce to Pole, Analytic Signal (ANSIG) 

and First vertical derivative (FVD) filters. Trend analysis was applied to the data to produce the residual field 

component of the data after which the FVD was computed to enhance folds, fractures and lithological contact. 

The main structural or early deformation event emplaced NNE-SSW structures and the second deformation 

event emplaced and reoriented the main structures to NE-SW and these are potential hydrothermal gold 

mineralization zones within the area. The faults and contacts between schist metasediments and metavolcanic 

rocks noted to host gold mineralization in the Ife-Ilesha Belt were also delineated.  The radiometric datasets 

retrieving geochemical information on potassium (K), thorium (Th) and uranium (U) concentrations within the 

study area were used to delineate bedrock lithology of the Granite, schist, gneiss, as well as alteration and 

contact zones. The high resolution airborne magnetic and radiometric data of the study area resulted in better 

definition of both geological structures and lithological boundaries. This research shows the economic potential 

of the Ife-Ilesha Schist Belt within Ondo area, as this has not been previously evaluated by any author. 

Keywords: Ondo, Ife, Ilesha, Ifewara, Odigbo, aeromagnetic, tilt derivative, analytic signal, radiometric, 

hydrothermal, alteration, mineral exploration, meneralization 

----------------------------------------------------------------------------------------------------- ---------------------------------- 

 

I. Introduction 
Overlying the Archaean gneissic complex in Nigeria are widespread Proterozoic metasediments, which 

include variable volcanic components, well developed as elongated N-S trending belts in the western half of 

Nigeria. There are no affirmative ages of formation for metasediments in Nigeria and the Borborema province 

of NE Brazil. Inferred depositional ages for the Palaeoproterozoic series in these areas straddle from 2.2 to 2.0 

Ga and predate the 1.9–1.8 Ga igneous activities (Grant, 1970; Rahaman and Emofurieta, 1983; Rahaman and 

Lancelot, 1984; Jardim de Sa et al., 1987; Annor, 1995; Neves et al., 2006). In addition to the well-developed 

medium to high grade schists, the Neoproterozoic series of mainly low grade, weakly deformed metasediments 

occur in association with the thermal aureole of Pan-African granitoids and show upper greenschist to low 

pressure amphibolite facies metamorphism. More recent work on the same series in NE Brazil (Van Schmus et 

al., 2003; Neves et al., 2009), their structural relationships with Pan-African granitoids as well as their 

unequivocal reworking suggest a Neoproterozoic age of deposition. Gold and other metallic deposits occur in 

these rocks in Brazil and Nigeria and the Pan African is widely accepted as the minimum age of gold and 

associated mineralization in this belt. Neoproterozoic granitoids in Nigeria consist of several contemporaneous 

petrologic groups. Their formation ages are well constrained between 640 and 580 Ma (Tubosun et al., 1984; 

Dada and Respaut, 1989; Dada et al., 1989; Rahaman et al., 1991). The well-defined Pan-African deformation 

pattern in the Nigerian schist belts has been related to gold and associated mineralization. 

The Ife - Ilesha Schist Belt is characterized by meta-sediments and metavolcanic, migmatite gneiss and 

older granite rocks and the occurance of a shear zone that has been traced to and correlated with the central 

Hoggar Neoproteozoic shear zone as part of the Trans-Saharan Belt (Rahaman, 1976). The reactivation of the 

structures has had a profound effect in the mode of occurrences and distribution of gold deposit in the country 

(Olusegun, et al., 1995). Structures in the area are certainly complex and feature tightly folded and faulted 

schist, granite and gneiss (Hubbard, 1960., Rahaman, 1976); the trends of the major faults as well as the fold 

planes, strike to the NE and dip steeply to the NW. The major fault system is part of the Ife-Ilesha fault system 

defined that stretches for more than 100km and classified to be highly mineralized (Rahaman, 1976; Kayode, 

2006), occurring within the schist belt of southwestern Nigeria. 
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Airborne surveys such as aeromagnetic and radiometric data, provides fast coverage of large and 

inaccessible areas for subsurface reconnaissance, which makes magnetic data analysis an essential tool of 

geophysical exploration. This past decade has witnessed a paradigm shift from the interpretation of basement 

structures to detailed studies with respect to both lithologic and morphologic variations. Its application ranges 

from mineral exploration (Murphy, 2007), structure mapping and rock characterization (Telford et al., 1990). 

Recent advances in technology have substantially increased the accuracy and resolution of these techniques so 

that they can be used to provide useful enhanced information on lithology and geological structures. 

Additionally, advances in data analysis, processing and image enhancement techniques have improved the 

resolution of geophysical datasets further so that very subtle variations in the geophysical responses can be 

identified (Armstrong and Rodeghiero, 2006). 

Magnetic anomalies are major precursor of mineralization, especially along fault planes. The magnetic 

anomaly signature characteristics are results of one or more physical parameters such as the configuration of the 

anomalous zone, magnetic susceptibility contrasts as well as the depth to the anomalous body. Wilford et al. 

(1997) indicated that airborne radiometric survey similarly is used to measure variations in the radioactive 

mineral composition in order to map lateral lithological changes. This method involves the measurement of 

naturally occurring radioactive elements that exist in rock forming minerals and soil profiles. These elements are 

uranium (U), thorium (Th) and potassium (K), which can be found as trace elements in all rocks and decay 

naturally giving off gamma radiation (gamma rays). The variation of magnetic and radiometric mineral 

composition in rocks due to the distinction in lithological set up and mineralization processes such as 

hydrothermal mineralization make the use of these methods in the mapping rock lithology, structures and 

mineral zones an important technique. 

This paper discusses aeromagnetic and radiometric datasets from Ondo area of the Ife-Ife-Ilesha Schist 

Belt of Nigeria. Airborne magnetic and radiometric data were used to map the geology and delineated possible 

gold hosting structure within this part of the belt. This part of the belt has never been evaluated or studied using 

this method, hence the importance of the study. This research seeks to review the geology and to aid the 

delineation of regional and local geological structures (shear zones and faults) that have the potential of hosting 

gold mineralization within the study area. The work allows the prediction of target areas for detailed exploration 

work in search for metal ore mineralization within the Ondo area that has not been extensively explored as 

compared to the other parts of the Ife-Ilesha Belt. 

 

II. Materials and Method 
2.1 The Study Area 

The area is bounded by longitudes 4𝑜22 00E to 4𝑜47 00E and latitudes 6𝑜45 00N to 7𝑜27 00N. 

The study area covers approximately 3,025km
2
; including Ondo, Iperindo, Ife, Wanikin, Olomu, Ashewele and 

Odigbo. The area can be accessed through Akure-Ondo expressway, Ife-Ondo expressway and Ore-Ondo 

expressway. It falls within the humid tropical region with two distinct seasons, the rainy season, from March to 

October, and dry season, from November to March. The annual rainfall in the area is estimated to be about 

2,000 mm (Ondo State Ministry of Economic Planning & Budget, 2010) with mean monthly temperature range 

of 25.7°C to 30.2°C and high humidity, generally above 50% (Ondo State Ministry of Lands, Housing & 

Environment, 2000). Ondo township falls within the Pre-Cambrian Basement Complex of Southwestern Nigeria 

which consists of migmatite, gneisses, schist and quartzite into which has been an emplacement of granitic and, 

to a lesser extent, more basic materials (Rahaman, 1981). The dominant rock types in the area are the medium to 

coarse grained granite, granite gneiss and quartzite (Figure 1). 
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Figure 1: Geology of the Study Area 

 

2.2 Data Acquisition 
The aeromagnetic dataset used for this study is from the high-resolution airborne survey coverage in 

Nigeria carried out by Fugro Airborne Survey at 826,000 along a series of NW – SE flight lines  of magnetic 

and radiometric surveys flown at 500 m line spacing and 80m terrain clearance in 2009 and was obtained from 

the Nigerian Geological Survey Agency. The parameter measured was the total magnetic field. It consists of one 

square blocks of map sheet (263) of square block which represents a map on the scale of 1:100,000 and is 

(55x55) km
2 

covering an area of 3,025km
2
. The total magnetic intensity grid was generated using a minimum 

curvature algorithm at a grid cell size of 1,000 m. The digitized data were filtered using a low pass Fourier 

domain sub-routine filter to eliminate unwanted wavelengths and to pass longer wavelengths. Reduction-to-pole 

(RTP) transformation was applied to the aeromagnetic data to minimize polarity effects. These effects are 

manifested as a shift of the main anomaly from the center of the magnetic source and are due to the vector 

nature of the measured magnetic field. The RTP transformation usually involves an assumption that the total 

magnetizations of most rocks align parallel or anti-parallel to the Earth's main field.  
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2.3 Data Processing and Enhancement 

2.3.1 Regional - residual separation  

Separation of regional and residual anomaly was done using Trend analysis in which a linear trend surface was 

fitted into the total aeromagnetic field data by a multiple regression technique for the purpose of removing the 

regional magnetic field. The linear surface fitted was removed from the regional component to obtain the 

residual magnetic anomaly map that was interpreted. 

 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑖𝑒𝑙𝑑 = 𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑓𝑖𝑒𝑙𝑑 + 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑓𝑖𝑒𝑙𝑑        (1) 

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑓𝑖𝑒𝑙𝑑 = 𝑇𝑜𝑡𝑎𝑙 𝑓𝑖𝑒𝑙𝑑 − 𝑓𝑖𝑡𝑡𝑒𝑑 𝑆𝑢𝑟𝑓𝑎𝑐𝑒/𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙     (2) 

 

The Regional Field can be represented using the trend surface equation. Davies, (1973) expressed the regional 

field as; 

 

                    𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝐹𝑖𝑒𝑙𝑑 = 𝑎 + 𝑏𝑥𝑖 + 𝑐𝑦𝑗        (3)    

Where, a, b and c are constants, 𝑥𝑖  and 𝑦𝑗  are coordinates in x and y directions. 

Let 𝑍𝑖𝑗  = the observed Total Field at 𝑖𝑗𝑡  data point. 

Therefore, 

𝑇𝑜𝑡𝑎𝑙 𝐹𝑖𝑒𝑙𝑑  𝑍𝑖𝑗  =  𝑎 + 𝑏𝑥𝑖 + 𝑐𝑦𝑗  + 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐹𝑖𝑒𝑙𝑑      (4) 

Hence, 

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐹𝑖𝑒𝑙𝑑 = 𝑍𝑖𝑗 −  𝑎 + 𝑏𝑥𝑖 + 𝑐𝑦𝑗          (5) 

   

For a given magnetic data, the best fitting surface has the least square error, 

𝑓𝑖𝑡𝑡𝑖𝑛𝑔 𝑒𝑟𝑟𝑜𝑟 = 𝑡 − 𝑎 − 𝑏𝑥 − 𝑐𝑦         (6) 

Where t is the magnetic value at x and y coordinate point. 

Note that a, b and c are unknown coefficients while t, x and y are given. To obtain the least square error, the 

unknown coefficients a, b and c must yield zero first partial derivative. 

Hence, the sum of the square of the fitting error becomes; 

   𝑓𝑖𝑡𝑡𝑖𝑛𝑔 𝑒𝑟𝑟𝑜𝑟 2𝑁
𝑗=1

𝑁
𝑖=1 =    𝑡𝑖𝑗 − 𝑎 − 𝑏𝑥𝑖 − 𝑐𝑦𝑗  

2𝑁
𝑗 =1

𝑁
𝑖=1       (7) 

𝑤𝑒𝑟𝑒 𝑥𝑖 , 𝑦𝑗  𝑎𝑛𝑑 𝑡𝑖𝑗  𝑎𝑟𝑒 𝑣𝑒𝑐𝑐𝑡𝑜𝑟𝑠 𝑎𝑛𝑑 𝑖 𝑎𝑛𝑑 𝑗 𝑎𝑟𝑒 𝑢𝑛𝑖𝑡 𝑣𝑒𝑐𝑡𝑜𝑟 𝑤𝑖𝑙𝑒 𝑡, 𝑥 𝑎𝑛𝑑 𝑦 𝑎𝑟𝑒 coefficients of the unit 

vector. 

𝑀 =    𝑡𝑖𝑗 − 𝑎 − 𝑏𝑥𝑖 − 𝑐𝑦𝑗  
2𝑁

𝑗=1
𝑁
𝑖=1          (8) 

Taking the partial derivative of equation (8) with respect to a and equate it to zero, 

  𝑡𝑖𝑗
𝑁
𝑗=1

𝑁
𝑖=1 −   𝑎𝑁

𝑗=1
𝑁
𝑖=1 − 𝑏   𝑥𝑖

𝑁
𝑗 =1

𝑁
𝑖=1 − 𝑐   𝑦𝑗

𝑁
𝑗=1

𝑁
𝑖=1 = 0      (9) 

Partial derivative of the second constant b and equating it to zero; 

  𝑡𝑖𝑗
𝑁
𝑗=1

𝑁
𝑖=1 𝑥𝑖 − 𝑎   𝑥𝑖

𝑁
𝑗=1

𝑁
𝑖=1 − 𝑏   𝑥𝑖

2𝑁
𝑗=1

𝑁
𝑖=1 − 𝑐   𝑥𝑖𝑦𝑗

𝑁
𝑗 =1

𝑁
𝑖=1 = 0     (10) 

Taking the partial derivative of the third constant c; 

  𝑡𝑖𝑗
𝑁
𝑗=1

𝑁
𝑖=1 𝑦𝑗 − 𝑎   𝑦𝑗

𝑁
𝑗 =1

𝑁
𝑖=1 − 𝑏   𝑥𝑖𝑦𝑗

𝑁
𝑗 =1

𝑁
𝑖=1 − 𝑐   𝑦𝑗

2𝑁
𝑗 =1

𝑁
𝑖=1 = 0    (11) 

Solving this series of simultaneous equations will give the coefficients of the best fitting linear trend surface, 

being defined by the least-square criterion. The above equation can be written into matrix form as: 

 

 

N   xi
N
j=1

N
i=1   yj

N
j=1

N
i=1

  xi
N
j=1

N
i=1   xi

2N
j=1

N
i=1   xiyj

N
j=1

N
i=1

  yj
N
j=1

N
i=1   xiyj

N
j=1

N
i=1   yi

2N
j=1

N
i=1

 

 
 
 
 
 
 

a

 b

c  
 
 
 
 
 

=  

  tij
N
j=1

N
i=1

  tij xi
N
j=1

N
i=1

  tij yj
N
j=1

N
i=1

       (12) 

The values of a, b, and c were obtained as follows; 

 

    a = 7830 

   b = 3.5429       (13) 

   c = -3.6132 

 

 

 

The trend surface equation (regional gradient) becomes: 

𝑇 𝑥, 𝑦 = 7830 + 3.5429𝑥 − 3.6132 𝑦         (14) 

Furthermore, the trend surface equation was then subtracted from the aeromagnetic (observed) data and the 

resultant residual anomaly was digitized. 
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2.3.2 Analytic signal filter  

Nabighian (1972) suggested the concept of analytic signal (𝐴𝑆) and proposed that in the 2-D case, the 

horizontal and vertical derivatives of magnetic fields satisfy the Hilbert transform, thus can be regarded as 

analytic signals. The amplitude of the analytic signal is the same as the total gradient, independent of the 

direction of magnetization, and represents the envelope of both the vertical and horizontal derivatives over all 

possible directions of the earth’s field and source magnetization (Luo et al., 2011). 
𝜕𝑇

𝜕𝑧
= 𝐻  

𝜕𝑇

𝜕𝑥
             (15) 

Where; 

𝑇 = Magnetic anomaly data 

𝐻 = Hilbert transform 

The analytical signal of a real signal 𝑓 is defined as; 

𝐴𝑆  
𝜕𝑇

𝜕𝑥
 =

𝜕𝑇

𝜕𝑥
− 𝑖𝐻  

𝜕𝑇

𝜕𝑥
           (16) 

Where: 

 𝑖 = −1 (Luo et al., 2011) 

According to the definition, the analytical signal of the potential field obtained by combining this two quantities 

into a two-dimensional quantity known as the analytic signal is given as;  

AS x, z =
𝜕𝑇

𝜕𝑥
+ 𝑖

𝜕𝑇

𝜕𝑧
            (17) 

Where:  

  
∂𝑇

∂𝑥
 and 

∂𝑇

∂𝑧
= Horizontal and vertical component of the total field respectively, 

 𝑇 𝑥, 𝑧 = Magnitude of the total magnetic field  

𝑧 and 𝑥 = Cartesian coordinates for the vertical direction and the direction perpendicular to strike respectively 

The amplitude of the analytic signal is defined as; 

 AS z  =   
𝜕𝑇

𝜕𝑥
 

2

+  
𝜕𝑇

𝜕𝑧
 

2

               (18) 

The amplitude of the analytic signal is a symmetric bell-shaped function. By examining its profile across a 

magnetic source, the analytic signal can be used in interpretation to provide an indication of the edges of the 

causative body. Similarly for the three dimensional case, the analytic signal is given by; 

𝐴𝑆 𝑥, 𝑦 =  
𝜕𝑇

𝜕𝑥
 +  

𝜕𝑇

𝜕𝑦
 +  𝑖

𝜕𝑇

𝜕𝑧
          (19) 

Where its amplitude is defined as; 

 𝐴𝑆 𝑥, 𝑦  =   
𝜕𝑇

𝜕𝑥
 

2

+  
𝜕𝑇

𝜕𝑦
 

2

 
𝜕𝑇

𝜕𝑧
 

2

             (20) 

The maximum value of the analytic signal determines the edges of a magnetic body.  

 

2.3.3 Tilt Angle filter 

The tilt angle derivative was first proposed by Miller and Singh (1994) as a tool for locating magnetic sources 

on magnetic profile data. Tilt angel derivative is the ratio of the vertical derivative to the absolute amplitude of 

the total horizontal derivative (Ansari and Alamdar 2011). Figure 2 is a schematic diagram used to illustrate the 

tilt angle filter.  Geometrically tilt angle is given as: 

 
Figure 2: Schematic Diagram to Illustrate the Tilt Angle Filter 

𝑇𝐴𝐷 = 𝑡𝑎𝑛−2  
𝑉𝐷

𝑇𝐻𝐷
             (21) 

Where:  

 𝑇𝐴𝐷 = Tilt Angle Derivative, 
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𝑉𝐷 = First vertical derivative, 

𝑇𝐻𝐷 = Total horizontal derivative all of the TMI 

While 𝑉𝐷 can be positive or negative, 𝑇𝐻𝐷 is always positive. For grids 𝑇𝐻𝐷  is given as: 

𝑇𝐻𝐷 =   
𝜕𝑇

𝜕𝑥
 

2

+  
𝜕𝑇

𝜕𝑦
 

2

             (22) 

Due to the nature of the arctan trigonometric function, all amplitudes are restricted to values between  

+ 𝜋/2 𝑎𝑛𝑑 −  𝜋/2 (+90° 𝑎𝑛𝑑 − 90°) regardless of the amplitudes of 𝑉𝐷 or 𝑇𝐻𝐷. This fact makes this 

relationship function like an automatic gain control (AGC) filter and tends to equalize the amplitude output of 

TMI anomalies across a grid or along a profile (Verduzco et al., 2004).  

The tilt angle derivative is therefore given as 

𝑇𝐴𝐷 = 𝑡𝑎𝑛−2

 
 
 
 𝜕𝑇

𝜕𝑧

  
𝜕𝑇

𝜕𝑥
 

2
+ 

𝜕𝑇

𝜕𝑦
 

2

 
 
 
 

             (23) 

The tilt angle is positive over the source and passes through zero when over or near the edge (Ansari and 

Alamdar, 2011). 

 

2.3.4 First Vertical derivative 
Derivatives (vertical) are based on the principle that the rates of change of magnetic field are sensitive to rock 

susceptibilities near the ground surface than at depth. First vertical derivative is physically equivalent to 

measuring the magnetic field simultaneously at two points vertically above each other, subtracting the data and 

dividing the result by the vertical spatial separation of the measurement points. The first vertical derivative was 

obtained from Laplace equation which is used to describe the magnetic potential field (U) thus, 
∂2∪

∂x2 +
∂2∪

∂y2 +
∂2∪

∂z2 = 0                  (24) 

but, −grad ∪ = T              (25) 

Hence, 

−
∂T

∂x
−

∂T

∂y
−

∂T

∂z
= 0               (26) 

Therefore, 
∂T

∂z
= − 

∂T

∂x
+

∂T

∂y
                (27) 

Where,   ∪= 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑓𝑖𝑒𝑙𝑑  
              𝑇 = 𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑓𝑖𝑒𝑙𝑑 𝑣𝑒𝑐𝑡𝑜𝑟 
Rewriting equation (27) in numerical form we have, 

−
𝜕𝑇

𝜕𝑥
=  

𝑇 𝑥+∆𝑥 −𝑇 𝑥 

∆𝑥
+ 0 ∆𝑥              (28) 

0 ∆𝑥 = 𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚𝑠          (29) 

−
𝜕𝑇

𝜕𝑥
=  

𝑇 𝑥+∆𝑥 −𝑇 𝑥 

∆𝑥
              (30) 

 

Similarly, 

−
𝜕𝑇

𝜕𝑦
=  

𝑇 𝑦+∆𝑦 −𝑇 𝑦 

∆𝑦
             (31) 

Therefore, 
𝜕𝑇

𝜕𝑧
= −  

𝑇 𝑥+∆𝑥 −𝑇 𝑥 

∆𝑥
 −  

𝑇 𝑦+∆𝑦 −𝑇 𝑦 

∆𝑦
          (32) 

Equation (32) was applied on TMI grid to produce the first derivative map. 

∆𝑥 = 𝑔𝑟𝑖𝑑 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑖𝑛 𝑥 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

∆𝑦 = 𝑔𝑟𝑖𝑑 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑖𝑛 𝑦 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

 

III. Result and Discussion 
Airborne magnetic and radiometric datasets were used to delineate the geology, structure and alteration 

zones in the study area. The airborne magnetic method is based on the measurement of the ambient magnetic 

susceptibility of geologic bodies and the use of the acquired data to determine the distribution of magnetic 

minerals (changes in lithology). Radiometric method in exploration is a measure of variations in the radio-

elemental mineral (potassium, thorium and uranium) composition and is directly used to map out lateral 

lithological changes.  Integration of the data from these survey methods was used extensively for the delineation 

of geologic structures and metalliferous deposits within the study area.  
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3.1 Interpretation of the Magnetic Data 

The Shuttle Radar Topography Mission (SRTM) model (Figure 3) reflected the elevation distribution 

of the study area with the highlands ranging from 200 m – 400 m and located at the north (H1), north-eastern 

(H2), east (H3) and south-eastern (H4) parts of the area, separated by thin low elevated regions. A moderately 

elevated region ranging from 170 m to 200 m lies at the central (M1) and in the western (M2) parts of the area 

stretching north-western (M3) direction, while a very low elevated region with range below 170m (L1, L2 and 

L3) is observed at the southern, south-western and western parts of the area which is likely to accumulate 

weathered debris from the high elevated area.  

The residual magnetic intensity (RMI) map (Figure 4) emphasizes the intensity and the wavelengths of 

local anomalies. The rock formations at low magnetic latitude are magnetized parallel to the Earth’s magnetic 

field: hence most of the magnetic anomalies correlate weakly with the expected magnetic signatures of the 

meta-sediments and metavolcanic in the area.  Therefore expected high and low magnetic anomalies of the 

mafic and felsic rocks are represented by low and high anomalies respectively. The very low magnetic regions 

lie within high elevated regions (H1, H2, H3 and H4) and is interpreted to be metavolcanic (MV) rocks while 

the high magnetic anomaly associated with low (G1 and G5) and moderate (G2, G3, G4, G6, G7, G8 and G9) 

elevation corresponds to granitoid (expected to produce a low to moderate magnetic signature due to mainly low 

magnetite mineral content). The metasediments MS2, MS3, MS4 and MS5 (Figure 4) at the moderate to low 

H2, H3 and M1 elevations (Figure 3) registered low to moderate magnetic anomaly due to the low concentration 

of iron forming minerals while the metasediment, MS1 at the lowland (L3) recorded high magnetic response due 

to weathering and accumulation of iron rich minerals from the highland. 

 

 
Figure 3: Shuttle Radar Topography Mission (SRTM) Model 
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Figure 4: Residual Magnetic Intensity (RMI) Map of the Study Area 

 
To identify the observed magnetic anomalies directly over the magnetic source bodies, the TMI grid 

was transformed into reduction to the pole (RTP) grid map (Murphy, 2007) using the 2D-FFT filter. This map of 

RTP (Figure 5) sharpens the contacts between the magnetic high and low patterns as well as anomalously high 

magnetic susceptible zones. The dataset tends to show similar anomaly when the data were reduced to the pole. 
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Figure 5: Reduce to Pole Map of the Study Area 

 
The granitoid with high magnetic signature (low in RTP), G2, G3, G4, G5, G6 and G7 was interpreted 

to have intruded the metavolcanic MV at the northern and central parts of the area (Figure 5). A change in the 

magnetic amplitude of the granitoids from low to high when reduced to the pole would indicate that they are 

felsic belt-type granitoids that intruded the area. The contact zones of the belt-type granitoids (G1), 

metavolcanics (MV1) and metasediments (MS1, MS2, MS3 and MS4) reflect low magnetic anomaly which 

indicates demagnetization of magnetite minerals to hematite minerals with low magnetic response as a result of 

hydrothermal fluid flow through the fractures and faults. This is as a result of severe shearing and faulting 

within these formations.  

The features shown in the reduction to the pole inverted map better defined the mafic metavolcanics 

(MV1) at the northern part of the area. The folding (Fold in Figure 5) at the boundary of the metasedimets-

metavolcanics contact is better defined, hence indicating that the influence of magnetic data on the angle of 

magnetic inclination has been subtracted. After applying the RTP filter to the TMI, the parent formations in 

Figure 5 reflect the expected magnetic anomalies which translate into the amount of magnetite present in the 

rocks, with mafic rocks (MV) showing high magnetic signature and felsic rocks (granitoids) showing lower 

signatures. 

The Analytic signal filter was applied to the airborne residual magnetic intensity field data (RMI) to 

produce Figure 6 showing the NE-SW trending metavolvanics (MV1) magnetic anomaly and numerous distinct 

magnetic zones. Comparing this Analytic signal map (Figure 6), with the RMI and the RTP colour contour 

maps, the difference is obvious along the edges of the granitoids, metavolcanics and metasediments contacts, 

especially at the south-western, eastern, north-eastern, south-eastern and the central parts of the study area. 

Metasediments, MS1 and MS4 became more definitive while the MS2, MS3 and MS5 were defined to be a 

single continues body (white polygon in Figure 6). The moderate to low magnetic anomalies of the granitoid 

intrusives G2, G3, G4, G5 and G6 which are similar to G7, G8 and G9 were mapped better in the analytic signal 

Fold 

Fold Fold 

Fold 

Fold 
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map than in RTP and RMI maps; granitoid G6 which reflected signal suggesting it was a secluded intrusive was 

also defined to be continuous stretching southward. The meta-sediments where also mapped out better in the 

south-western, central and eastern parts of the area.  

 

 
Figure 6: Analytic Signal Map of the Study Area 

 
First vertical derivative filter removed long wavelength features of the magnetic field and significantly 

improved the resolution of closely spaced and superimposed anomalies. Comparison of the first vertical 

derivative map (Figure 7), with the residual field map (Figure 4), shows an increase in visibility of structural 

features such as faults (red and black lines), fractures and folds (blue lines). 
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Figure 7: First Vertical Derivative Map of the Study Area 

 
The contact zone between the meta-volcanic (MV) and meta-sediments (MS) interpreted from the FVG 

shows prominent faulting and shearing. The fault and fracture system trends majorly in the NE-SW direction. 

This zone is clearly a major fracture system of regional extent and it is likely to have played a fundamental role 

in gold mineralization. This contact zone is probably an old reactivated structure, as it appears to have guided 

numerous granitoid intrusions such as G2, G3,G4, G5 and G6 (Figure 4 and Figure 5), which are localized along 

the contact zone. 

The fracture within granitoids most likely acted as the principal conduit for hydrothermal activity of the 

area in the western, eastern and southern parts of the fault belt. The study area also features crosscutting fault 

systems trending NNW to N, NE and E-W directions representing the various tectonic episodes associated with 

the schist belt of western Nigeria. The granitoids within the area have caused severe folding of MV and MS 

along their boundaries. The intensity of the intrusion is responsible for majority of the faults and shearing 

occurring along the MV-MS boundary. A large number of faults and folds have been interpreted using filtered 

airborne magnetic dataset, notably, the analytical signal filter, FVD and TDR (Figure 8). From the maps three 

deformation events were identified. The early deformation event (D1) is defined to be a ductile deformation 

producing folds whose axial planes trends NNE-SSW, the second deformation event (D2) resulted in the 

reactivation of the D1 structures particularly the folds in the NE-SW direction. The third deformation event (D3) 

produced a transgressive deformation starting with ductile deformation resulting in the development of NE-SW 

to EW oriented structures observed at the boundary of the metasediment at the central part of the area, brittle 

deformation occurring at later stages of the D3 event producing fractures oriented in the NE-SW and EW 

direction which are more associated with the Ife-Ilesha, and reactivated some D1 and D2 faults and fractures. 

The area is dominated by a series of NE-SW trending fractures and folds which are interpreted as high 

angle fault and fold structures formed during regional NW-SE compression resulting in a high degree of 

shearing and faulting at the contact zone of the meta-sedimentary and metavolcanic hence providing potential 

accommodation for hydrothermal fluid.  
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Figure 8: Interpreted Structural Map of the Study Area 

 

The intrusive granitoids have caused severe faults within the metavolcanics. The presence of 

homogenous granitoid bodies have resulted in a deviation in the shear movement along the contact zone, and 

this deviation has created a zone of dilation, which became the focus of hydrothermal activity. The movement of 

hydrothermal fluids to low pressured zones within the fault zones generated heat which destroyed the magnetic 

mineral within the host rocks, thus the magnetic anomalies associated with these faults are low. The interpreted 

geology and structures from the magnetic data was used to develop a model of the area (Figure 9). 
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Figure 9: Proposed Structural and Geological Map Delineated from Aeromagnetic Data 

 

3.2 Interpretation of Radiometric data 

A number of potassium (K), uranium (U) and thorium (Th) radiometric anomalies are evident in the 

radiometric survey data. A number of potassium anomalies occur in the radiometric survey image (Figure 10). 

Strong anomalies occur in the west, central, east and south-east and with granitoid mapped in airborne magnetic 

interpretation; hence it is defined by high K granitoid (G1) intrusive. 
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Figure 10: Potassium Concentration Map in the Study Area 

 
Potassium radiation essentially comes from K feldspar, predominantly microcline and orthoclase or 

micas such as muscovite and biotite which are common in felsic igneous rocks (e.g. granite) and are low in 

mafic rocks (e.g. basalts and andesite) but virtually absent from dunite and peridotites (Manu,1993), hence the 

weak K signature in the metavolcanic. The metasediments also recorded moderate to low anomalies of 

immobile and mobile Th and U (Figure 11, Figure 12) respectively, although some high traces of these 

radioelements can be found within the formation. The Metavolcanic units MV1 show moderate K concentration 

which corresponds to the schist belt. The metavolcanic MV2 show high signature (Figure 10) which 

distinctively defines the boundaries with the MV and the granitoids. 

MV2 
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Figure 11: Thorium Concentration Map in the Study Area 

 
  High Th concentrations are closely related to felsic minerals and low Th concentrations are related to 

mafic minerals (Shives et al., 2000). The granitoids at the western and central parts of the area registered 

moderate to low Th concentration (Figure 11) while those at the eastern corner registered high Th content. The 

strong thorium concentration at the southern and south-western parts of the study area is as a result of highly 

weathered colluvial deposits into the lowlands. Thorium is generally considered very immobile (Silva et al., 

2003), thus the regions with low thorium concentration suggest Th was mobilized in hydrothermally altered 

systems. The low Th patterns shows alteration patterns in the different rocks and along lithologic boundaries and 

within these zones are faults and shears which host hydrothermal fluid which leach Th concentration. Two 

major granitoids are defined in the area; the first is a high K and weak Th anomalies granitoid, recorded in the 

western regions which correspond to the belt-type granitoids i.e. G1, G3, G4 and G6.  

MV2 
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Figure 12: Uranium Concentration Map in the Study Area 

 
The eastern and north-eastern and south-eastern parts of the study area are associated with high Th 

signature (Figure 11) and U signature (Figure 12) with the south-western, western, north-western and central 

parts recording weak Th and U concentrations.  

Thorium-potassium ratio (Th/K) concentrations map (Figure 13) enhances alteration signatures. Mafic 

volcanic rocks generally lack K-bearing minerals and K enrichments accompany hydrothermal alteration 

processes but are not accompanied by Th (Dickson and Scott, 1997), therefore increase in K content and 

decrease in Th/K ratio observed for the metavolcanic rocks (MV) is indicative of hydrothermal alterations. K 

and other metal constituents are added to the host rock by hydrothermal solutions, and it is easily observed in 

mafic units or along lithologic contacts where hydrothermal alteration such as silicification is intensive. 
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Figure 13: Thorium Potassium ratio Map in the Study Area 

 
Increase in K and decrease in Th occurrences are noted along the faulted north to southwest  meta-

volcanic and central meta-sediments contact zones (white polygon in Figure 13) and are interpreted as 

favourable alteration environment for variety of ore deposits. Some possible gold mineralization zones show 

increases in K and Th such as the central metasediments (MS1 in Figure 13); this suggests that Th was 

mobilized in hydrothermally altered systems in that zone. 

The Ternary map (Figure 14) comprises colours generated from the relative intensities of the three 

components and represents subtle variations in the ratios of the three bands. 
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Figure 14: Radiometric Ternary Map in the Study Area 

 
Potassium was assigned to red, thorium to green and uranium to blue. The white areas in the ternary 

map indicate high concentration of K, Th and U resulting from felsic volcanic materials. The magenta shows 

areas of high K and U but low Th concentrations while the yellow indicates areas of high K and Th but low U 

concentrations. The ternary map shows high Th concentration in the schist at the north stretching to the south-

west of the area. The granitoid at the western part of the area shows high K concentration with abundance in all 

three elements. The strong U anomaly associated with the belt-type granitoids, G2, G3, G4, G5 and G6 suggests 

that these granitoids may be younger than G1 granitoid due to long denudation period of weathering which 

might have depleted most of the U concentration of G1. The previously defined granitoid at the eastern part of 

the area was better define and show abundance in all the three elements and significant high concentration of K 

and U respectively and is interpreted to be gneiss granite. The extent of the metavolcanic defined at the north 

and stretches to south-west direction of the study area, is also defined with high K concentration and some traces 

of U are given a magenta colour; this strong correlation is based on the fact that the meta-sediments are made up 

of the potash-rich regolith which come in the form of muscovite, biotite, aplite and pegmatite. The metavolcanic 

is interpreted as part of the Ife-Ilesha Schist belt. The intrusive granitoid within the schist belt that outcrops at 

the highland is clearly defined in the Ternary image. The metasediment rich in Th and U are interpreted to be 

peltic schist at the eastern part of the area.  

The radioelement ternary image (Figure 14) was used to outline the major lithological units which 

describe different radioactivity levels.  The defined lithologic unit was used to develop the geologic map of the 

study area (Figure 15).  
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Figure 15: Proposed Geological Map Delineated from Airborne Radiometric Data 

 
The interpreted airborne magnetic and radiometric data was integrated to develop a structural and 

geologic model of the area (Figure 16). Low Th concentration, mobilization of immobile Th concentration and 

K concentration within the metavolcanic (schist belt) and metasediment (pelitic schist) define hydrothermally 

altered zones along lithologic boundaries. The altered regions A1, A2, A3 and A4 in Figure 16 which is 

associated with the schist belt has high potassium and high uranium element. It also shows low magnetic 

anomalies due to the increase in rock permeability (intense faulting and shearing thus the ability to host 

hydrothermal fluids). Graphite, mica, and euhedral to anhedral disseminated Fe sulphides observed in the host 

rocks in the study area are interpreted to be hydrothermal alteration products, potentially related to gold 

mineralization. The altered region A5, A6, A7 and A8 (Figure 16) which is associated with the metasediment 

(schist) at the east of the study area has high potassium and thorium concentration with low magnetic response. 

Aeromagnetic analysis identified high magnetic contrast between rock bodies along the contact zone, interpreted 

as a potential pathway for fluid migration and mineralization. The fracture system and the fault cut across NE-

SW trending structures (Figure 8), thus rendering these contact zones more permeable and fractured for 

accumulation of hydrothermal fluids. The NE-SW major structure within the schist belt (S1) is of much 

importance. It cuts across the contact zone of the geological unit and as well as fractures and fault structures 

along its path.  
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To identify possible ore deposits in the study area, both structural and alteration patterns were taken 

into consideration. High structural connectivity and areas of intensive alterations reflected as low magnetic 

anomalous and high K concentration were considered particularly, where the two alteration types coincide and 

also marked by faults, fault intersections, fractures and shear zones. 

The altered zone marked A2, A3, A4, A5, A6 and A7 (Figure 16) and structures (folds fractures and faults) S1, 

S2, S3 and S4 are areas with high potential for gold mineralization with A3, A4, A5, A6 and A7 bearing the 

most potential. The hydrothermal alteration zone A1 that marked the contact between the metavolcanic and the 

granitoids are also potential target. An integrated geological map from radiometric and magnetic datasets 

established links between lithology, structures and hydrothermal alteration patterns. The relationship shows that 

the hydrothermal system is structurally controlled and majorly limited to any specific lithology or host rock. 

Moreover, the area is also marked by quartz veins, concordant with the potential mineralized zones allocated 

along the contact of the metavolcanic and granitoids, indicating the region of higher fluid pressure and 

accumulation of silicate minerals. 

 

 
Figure 16: Proposed Structural Geological Map of the Study Area 
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IV. Conclusion 
The Ife-Ilesha Schist Belt is a highly faulted, fractured and strain shear belt within the basement 

complex of southwestern Nigeria which is part of the larger West African Shield. The vertical derivative and tilt 

derivative maps were used to develop a composite structural map while analytic signal and ternary map were 

used to build a geologic model of the study area. The area is dominated by a series of high angle faults, NE-SW 

trending fractures and folds structure which resulted from a regional NW-SE compression which gave rise to a 

high degree of shearing and faulting at the contact zone of the meta-sedimentary and metavolcanic, hence 

providing potential accommodation for hydrothermal fluid.  The area is characterized by hydrothermally altered 

zones at the north, north-east and center of the study area and these altered zones fall within and at the contact 

between metavolcanics and metasediments within the study area. The altered zones are closely related to the 

interpreted geologic structures. The mapped geological structures, lithology and hydrothermally altered zones 

which play the role of mineralization indicators defined from the aeromagnetic and radiometric datasets have 

added to the proposal of many authors such as Hubbard (1960), Rahaman (1976), Kayode  (2006) and Adelusi 

et al. (2013) regarding the area as potential host of commercial gold deposits. 
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