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Abstract 

Wagusu magnetic data set was analyzed to delineate crustal signatures that could favor exploration of economic 

minerals.  Depths and edges for litho-structural anomalies were detected by using high resolution methods of 

Analytic Signal, Tilt angle Derivative and Power spectral analysis, in Oasis Montaj software.  Magnetic anomaly 

distribution in the area ranged between 931.1 nT and 1020.2 nT. The RTP maps revealed variation of causative 

structures striking in North East-SouthWest direction. The overlain analytic signal revealed maximum signal 

values over the anomalies covering an estimated area of 4,000,000 m2. These high amplitude signals are 

associated with mafic basement rocks uplifted to moderate near the surface which could be hosting minerals and 

their mineral associations such as banded-iron gold formation. Low magnetic amplitude has been suggested to 

indicate a acidic type of granitoid that intrudes the area, a sign of loss of magnetic property of magnetite minerals 

to hematite minerals showing low magnetic response due to hydrothermal fluid flow through lineaments. Tilt 

angle derivative revealed high magnetic intensity gradient between the magnetic anomaly of high susceptibility 

and the magnetic anomaly of low susceptibility where shear zones and faults are universally developed along 

these contrasting zones and along thin incompetent structural units. Power spectral analysis suggested depth to 

magnetic anomalies between 2150 m for shallow and 4000 m for deep sources. The results, therefore suggested 

intense basement rocks deformation with tectonic framework supporting mineralization. 
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I. Introduction 
Magnetic mapping is a geophysical method that is applied to locate and mirror subsurface targets. 

Magnetic anomaly deduction is a complex process due to acquisition, positioning error, multiple sources 

superposition, and the occurrence of geologic and cultural noise. Therefore, magnetic intensity maps, and other 

statistical representations that are derived from field data are affected by noises that require application of different 

edge detection filters for potential field anomalies in order to visualize different features in magnetic intensity 

maps and hence subtle information can be deduced. In this regard there are various filters for edge detection, like 

derivative-based filters and local phase filters that apply a change in quantity over magnetic anomalies. Vertical 

and horizontal derivatives of potential field data are both useful; horizontal derivative visualizes edges, whereas 

vertical derivative narrows anomaly width, thereby locating causative bodies more accurately. It is also possible 

to combine both vertical and horizontal derivatives of the magnetic field to achieve an analytic signal that is 

independent from body magnetization direction in 2D case. The local phase filters like tilt angle derivative is 

commonly used majorly for edge detection of anomalies. In practice, it is being used because it does not depend 

on geologic parameters like magnetic susceptibility, angles of deflection, permanent magnetization, and 

inclination that can affect results. In this regard, calculation for tilt angles values of horizontal and vertical 

derivative of the magnetic anomalies was done on a 50m-5000m band pass filter and up continued data. Since 

Wagusu area lies in low magnetic susceptibility latitude, reduction to pole procedure was first applied on magnetic 

data in Oasis Montaj software before tilt angle derivative was done to improve visualization of causative 

anomalies. For limiting depth of magnetic causative anomalies, power spectral analysis technique is commonly 

used.  
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1.1   Study Area 

Wagusu, the study area is situated in southern region of Bondo in Siaya-County Kenya. It borders West Sakwa 

ward in the north east, Victoria Lake in the south and South West Sakwa ward in the north west. It lies within the 

Nyanza greenstone belt to the west of the Kavirondo (Rift valley), an arm of the East-Africa system and forms 

about a quarter of the western terrain of the Nyanza gold belt (Shackleton, 1951). The Nyanza greenstone complex 

is part of the greenstone complexes of Western Kenya which are associated with the Tanzania's, Craton (Borg et 

al., 1990). 

 

 
Figure 1.0: Location of the study area (Warega et al) 

 

II. Magnetic Data 
Magnetic data sets were collected from a total of 446 stations profiled over the study area. Two G-856 

model of proton precession magnetometers, were used. One magnetometer was moved periodically to stations to 

collect data while the other was positioned at the base station taking readings after every 10 minutes throughout 

the day for diurnal variation correction. Readings for easting, northing, magnetic and occupation time were 

recorded at each station. All variations in total field magnetic intensity that came from magnetic intensity of the 

underlying rocks that included diurnal variation and geomagnetic field were removed from the field measured 
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magnetic data to get residual magnetic anomaly data. Similarly, International Geomagnetic Reference Field was 

computed by IGRF calculator embedded in Oasis Montaj software and removed before the residual data was 

finally analyzed and interpreted. This process is known as magnetic data correction. 

 
Figure 2: Magnetic stations distribution over Wagusu 

 

2.1 Magnetic anomaly map 

Magnetic anomaly data that resulted after diurnal and geomagnetic reductions were done on the raw 

magnetic data. Figure 2.1 displays a magnetic anomaly map for Wagusu, with purple and orange colors on color 

bar representing high amplitude magnetic susceptibility up to 1020.2 nT while blue and green colors showing low 

amplitude magnetic susceptibility up to 823.9 nT. High and low amplitude magnetic susceptibilities are also 

evident in the central, southern and eastern regions with most high peaking at west of Wagusu, Uyawi Sec, 

Kajalango and Okoth Aliwa sec areas. Their magnetic magnitude points to high magnetic anomalies buried at 

probably shallow depths. These could possibly be basic igneous intrusive rocks or magnetite and Pyrrhotite 

contents imaged at reduced temperature. Temperature and depth of Earth’s crust are linearly dependent and affect 

magnetization of rocks. Crustal temperature increases as depth which subsequently affect magnetic susceptibility 
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of rocks. At shallow depths, magnetization of magnetite or Pyrrhotite contents tend to increase due to reducing 

temperature (Kearey et al., 2002). The orange color anomalies peaking at 931.1 nT in some parts of Central and 

Southern regions of Uyawi Sec, Kajalango and Wagusu reveal high magnetic amplitude, probably of basic igneous 

intrusion like Basalt or Magnetite and Pyrrhotite contents buried at some depths with their magnetization ability 

reduced by possibly high temperature at depth. To the northern western region low magnetic amplitude dominate 

with few packets of high amplitude magnetic susceptibility being witnessed. Sirongo Beach and East wards, 

predict a potential low magnetic amplitude anomaly or it is a deeply seated magnetite mass beyond the sensitivity 

of the magnetometer sitting on igneous rock rich region. This ambiguity could be eliminated by filtering the data 

to obtain residual magnetic data for further analysis and interpretation of the region. It is suggested that magnetic 

anomaly map of Wagusu reveals good response to magnetic susceptibilities by probably basic igneous intrusions 

or magnetite and Pyrrhotite contents at shallow depths. This shows that there was a magmatic activity that brought 

these masses near the surface or their top depths were increased by erosion over millions of years. It further 

indicates that these masses gained their magnetization during cooling process. They could possibly represent gold 

bored in banded iron formation of the greenstone belt. 

 

 
Figure 2.1: Magnetic Anomaly map 

 

2.2 Magnetic residual anomaly (RTP) map 

Figure 2.2 represents a residual magnetic Reduce To Pole (RTP) anomaly map filtered between a band 

pass of 50m and 5000m deep. It resulted after diurnal and geomagnetic reductions were made on magnetic field 

data and further reduced to magnetic north pole. Residual magnetic anomaly map displayed emanated from the 

effect of geomagnetic field due to the presence of materials between band pass of 50m and 5000m in depth and 

as if it were measured at the magnetic north pole where the field symmetry is vertical about its causative anomaly. 

Filter for RTP was applied to remove this asymmetric of magnetic anomalies since the study area lies in low 

latitude region This band pass depth range was carefully chosen since gold deposits occurrence in greenstone belts 

do not go beyond 5000m deep. The figure 2.2 depicts distribution of high-resolution magnetic signatures of high 
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susceptibility magnetic anomaly shaded color pink or red on the color bar and low magnetic susceptible anomaly 

coded color green or blue (Fig. 2.2). From the magnetic (RTP) residual anomaly map, high magnetic anomalous 

zones in an igneous dominated regions like Uyawi secondary, Kongawo, Lenya and Sirongo beach are related to 

basic intrusive like Basalt bearing magnetite or pyrrhotite minerals. In regions geologically dominated by 

metamorphic rocks, high magnetic signatures like Nango and Wagusu regions are correlated to magnetite minerals 

which were resorbed due to relatively low pressure of oxygen where iron and oxygen are incorporated. Moderate 

to high magnetic anomalous contact zones. The Figure 2.2 exhibits hydrothermal demagnetization of magnetite 

minerals from basic to intermediate to acidic through faults or fractures or contact boundaries by either possibly 

elevated temperature or change of geological structure of rocks from basicity to acidity. The phenomenon of this 

kind correlates to the type of Paleoproterozoic Birimian belt granitoids. Clear boundaries between magnetic 

susceptibility lows and magnetic susceptibility highs as witnessed from the Figure 2.2 are interpreted possibly to 

be contact zones laying between these magnetic contrasting competencies. Mineral deposits are commonly found 

at the contact zones of these contrasting competencies. They probably reflect deep faults or contact zones. Since 

gold deposits are found near or along these contact zones, we believe that these contact zones control gold 

mineralization in Wagusu, the study area. It was for these suspected mineralization zones that bore the idea of 

deploying edge detection and depth estimation techniques for visual enhancement of these anomalies.   

 
Figure 2.2: Residual Magnetic (RTP) Anomaly map 

 

III. Edge detection and Depth estimation for Magnetic data 
Magnetic anomalies derived from potential field data usually decays fast with distance from the source. 

This property may be made use of by various techniques for depth and edge detection. The technique to be used 

for anomalies is high visualization dependant hence the choice for high resolution techniques that include analytic 

signal, power spectral analysis and tilt angle derivative.  

 

3.1   Analytic Signal (AS) of Gravity data 

Analytic Signal is a powerful technique for delineating edges of shallow magnetic sources owing to the fact that 

the amplitude of the analytical signal peaks over the gravity sources (Cooper, 2009). It is defined as the square 

root of sum of the squares of the derivatives of x and y given by Eq. (1) for a 2D case. 
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                     where F represents magnetic field  

 

For this study, analytic signal for gridded magnetic data was done after passing through a 50m-5000m 

band filter then reduced to pole in Oasis Montaj software. Calculation for x, y and z derivatives was performed 

and their respective analytic signal grid maps were generated. Maximum amplitude of analytic signal was 

interpreted to be the edges of magnetic structures. Figure 3.1, displays analytic signal of the residual magnetic 

map. It reveals some peaks over locations where magnetite and pyrrhotite materials as well as their associates 

have been deposited with the most visible ones are to north west of Kongawo and Nango - central parts of the 

map. The maximum signal values over the anomalies cover an estimated area of 4,000,000 m2. These high 

amplitude signals are associated with basic basement rocks uplifted to moderate near the surface which could be 

hosting minerals and their mineral associations such as banded-iron gold formation. A change in the magnetic 

susceptibility to low would indicate acidic belt granitoid type that intrudes the area, a manifestation of loss of 

magnetic property in magnetite minerals to become hematite minerals having low magnetic susceptibility due to 

hydrothermal fluid flow through lineaments. 

Furthermore, the edges along the magnetic anomalies are definite enough to also define faults and shear 

zones as well as the sizes of basement structures. The basement complex in the study area could have been defined 

by different tectonic trends as can be observed from the RTP anomaly map (Fig.3.1). 

 
Figure 3.1: Analytic Signal map for residual RTP Magnetic data 

 

3.2 Tilt angle Derivative of Magnetic data 

   Tilt angle derivative is commonly used for edge visualization and depth estimation of gravity and magnetic 

anomalies. In practice, it is used since it does not depend on geomagnetic field properties such as magnetic 

susceptibility, permanent magnetization and inclination that can impact on outcomes. It produces positive values 

directly above the sources; negative values away from the sources and a zero value over or close to the source 

edges and therefore can be used to trace the edges (Miller and Singh, 1994).  
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The tilt angle filter is given by Eq. (2). 

                                                      𝜃 = 𝑡𝑎𝑛 − 1 (
𝑉𝐷𝑅

𝑇𝐻𝐷𝑅
)                                                                        (2) 

      For this study, a band pass filter of 50 m-5000 m was used to calculate tilt angles of vertical and 

horizontal derivative of the magnetic field, up continued then reduced to pole in Oasis Montaj software. The 

resulted gridded data was used to draw an anomaly map, figure 3.2. The figure 3.2 reveals high magnetic 

amplitudes sandwiched between low magnetic amplitudes of causative anomalies in a N-S orientation. The red or 

pink color values on the color bar correspond to the high magnetic amplitude of the anomalies and their estimated 

top depths calculated by the tilt angle derivative. The figure 3.2 displays depths of the anomalies that range from 

216 m to 1271m. Negative sign attached to the values on the color bar also signifies depth. The negative and 

positive signs of depth are as a result of negative and positive angles observed at tilt angle derivatives. The high 

magnetic amplitudes delineate causative anomalies at an average top depth of 500m and about 1200m in thickness 

running a subsurface distance of about 7500 m long. These causative anomalies are mapped over igneous and 

metamorphic rocks dominant regions. The anomalies could possibly basic or ultra basic intrusive units containing 

magnetite or pyrrhotite or banded iron formation minerals in the metamorphic and unconsolidated rocks regions. 

The map also reveals contacts of causative anomalies. The contacts mapped in the study area are indicated by high 

magnetic intensity gradient between magnetic amplitude anomaly highs and magnetic amplitude anomaly lows. 

Shear zones and faults are universally developed along these contrasting magnetic competencies. Within these 

contacts and incompetent rocks; mineral deposits sit at these points of structural weaknesses. Competent rocks 

being enclosed in less competent favor fracturing and veining in the study area Figure 3.2 that provide suitable 

home for quartz vein gold.  

      Common mineral associations of this kind include differentiated dolerite sills, tholeiitic basalts and 

banded iron formation. These fault lines or fractures or vein or contact zones could be the path ways for 

hydrothermal mineral deposits such as gold being carried to near surface.  
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 Figure 3.2: Tilt angle Derivative map for Magnetic residual anomaly (RTP) data 

 

3.3    Power Spectral Analysis 

Power Spectral Analysis examines signal spectra and analyzes their frequencies, signal quality, and power 

levels. The main advantage of power spectral analysis technique is its capability tto remove filter noise from a 

data by overlapping data while no information is lost during interpretation process. Such technique of spectral 

analysis provides rapid depth estimates from regularly-spaced digital data such as gravity or magnetic data (Specta 

and Grant, 1970). In order to achieve this, Wagusu area was treated as single block and a spectrum of radial 

average was produced since delineating structures bearing minerals entails mapping both deeper and shallow 

structures in the subsurface. This energy spectrum from radial averaging was used as a function of wavenumber 

only for band pass filter of 50m-5000m in depth.  Depth was then estimated by averaging the energy for all 

directions for the same wavenumber. K, which was measured in cycles per unit distance.  

The Nyquist wavenumber, N was the largest wavenumber sampled by the grid, which was the highest 

frequency possible to measure a fixed sample interval (Spector & Grant, 1970). Nyquist wave number is given by 

                                                         𝑁 =
1

2𝑋𝑖
=

1

2𝑥0.5
=    1                                                                ( 3 )   
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                               where i is the interval 500m of a sample.  

        Wave number K, ranges between 0 and 1, as shown in Figure 3.3. N used was 1 for the magnetic data. The 

axis of depth was in multiples of grid cells size that was 500 m for the study. The figure 3.3 represents power 

spectral peak between wave numbers 0.0004 cycles/meter and 0.0006 cycles/meter. It can be suggested that this 

contribution was from deep sources at approximated 4000 m in depth as shown on the depth estimate graph in 

Figure 3.3. The power spectral peak between wave numbers 0.0002 cycles/meter and 0.0004 cycles/meter revealed 

sources imaged at shallow approximated depth of 2150 m (Fig. 3.3) 

                                 Averaged depth for deep source = 4000 m 

                                 Averaged depth for shallow source = 2150 m 

 

 
        Figure 3.3: Power Spectral Analys for Magnetic residual (RTP) anomaly data 

 

IV. Conclusions 

Source depth contribution to band pass depth between 50 m- 5000 m was estimated for magnetic 

anomalies using power spectral analysis and tilt angle derivative techniques. From depth estimation graph (Fig. 

3.3) of power spectral analysis, indicates depth estimates for high magnetic susceptibility causative anomalies of 

magnetic data. These source anomalies contribution to the energy spectra produced bottom depths between 2150 

m and 4000 m. Tilt angle derivative also delineated source anomalies top depth range between 500m and 1300 m, 

so the mapped anomalies are seated between 500 m depth and 4000 m deep in the sub surface. In exploration 

fields for minerals, these causative anomalies are suggested to be structures for mineral deposits which are 

possibly structures bearing gold imaged at these depths. The variations in depth detection of the causative 

anomalies can be suggested to be due to intermittent cooling of hydrothermal mineral occurring in the igneous 
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and metamorphic rocks dominant regions. The anomalies could possibly be mafic or ultra mafic intrusive units 

containing magnetite or pyrrhotite or banded iron formation minerals in the metamorphic and unconsolidated 

rocks regions. The Analytic signal and tilt angle derivative maps also reveal contacts these causative anomalies. 

The contacts of anomalous magnetic intensity distribution on the study area are indicated by high magnetic 

intensity gradient and lie between the high amplitude magnetic anomaly and the low amplitude magnetic anomaly. 

Shear zones and faults are universally developed along these contrasting magnetic competencies. Along these 

contacts and along incompetent rocks, mineral deposits developed at these structural weaknesses. Competent 

rocks being enclosed in less competent favor fracturing and veining in the study area (Figs 3.1& 3.2). Common 

mineral associations of this kind include differentiated dolerite sills, tholeiitic basalts and banded iron formation. 

These fault lines or fractures or vein or contact zones could be path ways for hydrothermal mineral deposits such 

as gold seeping to near surface. 
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