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ABSTRACT 
Werner deconvolution analysis of four ground and six aero magnetic profiles across the 
Kalangai fault within the Kushaka schist belt northwestern Nigeria was carried out in 
order to assess the usefulness of the method in analyzing profile magnetic data. The 
length of the ground profiles varies from 4 Km to 8 Km, while that of the aeromagnetic 
profiles from 40 Km to 80 Km. All the profiles were laid perpendicular to the strike 
direction of the fault. The ground magnetic profile data were obtained using a Scintrex 
Envi Pro Magnetometer at every 3 m interval, while the aeromagnetic profile data were 
obtained from the newly acquired high resolution aeromagnetic data by Nigerian 
Geological Survey Agency. The ground magnetic data was first corrected and interpolated 
into a regular interval of 10 m, while the aeromagnetic data was interpolated to 100 m 
meter interval before analysis. Werner Decovolution results of aero and ground magnetic 
profiles across the Kalangai fault reveal a high angle fault, a common feature of strike 
slip fault system. The susceptibility values of rocks at depth in and around the fault were 
found to vary from 0.0018 x 10-² to 0.757 Sl units, with an average of 0.21 units, while 
that of the ground magnetic vary from 0.75 x 10-³ to 0.41 x 10-2 with an average value 
of 0.43 x 10-² Sl units, suggesting mafic to ultramafic composition. 
Keywords: Werner deconvolution, aeromagnetic magnetic, ground magnetic, Kalangai 
Fault 

 
Introduction 
Aeromagnetic data has been used in large 
scale exploration work over the years 
because of its speed, cost effectiveness and 
its accessibility to inaccessible areas. The 
data obtain from aeromagnetic survey is 
processed using computer techniques in 
order to remove noise and   then transformed 
into contour map as aeromagnetic anomalies. 
Economically important rock and mineral can 
be identified by the knowledge of magnetic 
susceptibility and the corresponding depth 
from the ground surface is of vital 
importance in mineral prospecting. The 
depth to source can also be used to establish 
basement depth which is also needed in oil 
and gas prospecting. The use of Werner 
deconvolution technique in the 
interpretation of magnetic data has been 
established over the years. The method has 
been used successfully by some geophysicist 
since 1968 as part of a routine automated 
magnetic interpretation system (Ku and 
Sharp, 1983).The results of applying this 

method were first published by Hartman et al 
(1971). Jain (1976) published an article on 
Werner deconvolution using model studies. 
Ku and Sharp, 1983 have also shown that  
just as the Werner total-field solution is a 
good indicator of a thin-dike body, so is the 
Werner horizontal- gradient solution a good 
indicator of the edge of a thick interface. 
The success of the method has however been 
shadowed by Euler deconvolution as the later 
extended in three dimension to a multiple 
source algorithm (Hansen and Suciu, 2002). 
The 3D Euler algorithm, while powerful, has 
some limitations. The multiple-source Euler 
method requires taking high-order derivatives 
of the field, one derivative order for each 
source, which makes the algorithm highly 
dependent on data quality, whereas 
multiple-source Werner method only requires 
first-order derivatives, no matter the number 
of sources. An additional advantage of the 2D 
Werner method is that it produces dip angle 
and susceptibility contrast information in 
addition to depths and locations. 
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Regional features are of fundamental 
importance in selection of targets for mineral 
exploration, while localize features such as 
contact zone and shear zone are responsible 
for the localization of the ore deposit. These 
geologic features could be either directly 
observed or interpreted from data sets such 
as aeromagnetic data. The present work is an 
assesement of the Werner deconvolution 
analysis in the interpretation of magnetic 
profile data across a regional fault system 
within the northwestern basement complex 
of Nigeria. 
Geology of the area 
The Kushaka schist belt occupies a belt of 
about 50 km wide and stretching from the 
Minna area up to the Tsohon Birnin Gwari 
area of northwestern Nigeria. The rocks lie in 
a number of isoclinal fold structures trending 
NNE, which give rise to a strong foliation 
parallel to the axial planes of the folds 
(Truswell and Cope 1963). Many granitic 
plutons intrude the metasedimentary 

succession (schist, phyllites, banded iron 
formations), and the whole series is cut and 
displaced by Kalagai Fault (Fig.1). 
Material and Methods 
Ground magnetic data was obtained along 
four profiles across the Kalangai fault system 
(fig.1) within the Kushaka schist belt. The 
profiles were laid perpendicular to the strike 
direction of the fault so as to obtain good 
result and to conform to the assumption of 
the modelling program. The length of each 
profile is about 8 Km. A Portable SCINTREX 
ENVI PRO Magnetometer was used to obtain 
the ground total magnetic field intensity 
along the profiles. The data was recorded 
continuously at every three meter interval 
and is automatically stored in the system 
which was later downloaded for further 
processing and analysis. Six aeromagnetic 
profiles (E-E

1
,…….J-J

1
) were also selected 

across the Kalangai fault system (fig.1). The 
profiles

  

 
Fig.1:Geology of the Kushaka schist belt (northwestern Nigeria) with areas of gold 
mineralization (modified after Truswell and Cope,1963) in Garba,2002. 
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Run in an NW-SE direction perpendicular to 
the strike direction of the fault. The data 
used was automatically generated along the 
profile of the maps of the newly acquired 
high resolution aeromagnetic data by the 
Geologic Survey Agency of Nigeria, using the 
“SURFER” software.The ground magnetic 
data obtained at a spacing interval of 10 m 
was then corrected for drift before subjected 
to analysis.  
METHODOLOGY 
The Werner deconvolution technique for 
automatic analysis of magnetic data is a 
powerful tool for the interpretation of 
magnetic profiles. In particular, the 
technique is a valuable aid to the 
interpretation of deep crustal structures 
beneath the continental margins. The 

method is used in interpreting anomalies of 
two dimensional sheets like bodies, wherein 
the anomalies are arranged to form a linear 
equation, with its coefficients related to the 
parameters of the sheet. The analysis of 
profiles allows the interpretation of data as 
recorded.  
Theoretical Framework 
The expression for the total magnetic held 
due to thin dikes of any arbitrary dip was 
given in a very convenient form by Werner 
(1953). Werner’s interpretation equations 
were partially reproduced by Hartman et al 
(1971). For the sake of completeness, all 
relevant equations are presented here, but 
without derivation. The equation for the 
magnetic field due to a thin dike is of the 
form:  

Fr + a0 + a1x + b0F + b0xF = X
2
F ------------------------ (1) 

where (x, 0) are the coordinates where the field F  
is observed, Fr  is the unknown ambient noise polynomial of the type:  
F, = ∆F + KFX + KF’X

2
 +------------------------------- (1a)  

and a0 a1, b0, and b1, are related to the properties of the source of the anomaly.  
For total fields, a0 a1, b0, and b1, are related to the various parameters as follows:  
X0 = b/2, ------------------------------------------------------(2) 
t0 = √-b0 – b1

2
/ 4 ----------------------------------------------(3) 

tM11 = (2a0 + a1 b1)vz - 2 a1t0vz / 4 t0 (vx
2
 + vz

2
 ), -------------(4) 

tM1 = - (2a0 + a1 b1)vx - 2 a1t0vz / 4 t0 (vx
2
 + vz

2
 ), -------------(5) 

  
where vx , and vz , are the direction cosines 
of the total field, x0 is the location of the 
dike, to is the depth to the top, t is the 
thickness, and M11 and M1 are the cross-
magnetization of the sheet. From M11 and M1 
one can determine the susceptibility contrast 
and the dip of the dike.  
The same equation [except for factor t in 
equations (4) and (5)] is applicable to the 
horizontal gradient of the total field for a 
dipping edge. Therefore, one can compute 
the horizontal gradient from the total field 
and use the same equations to estimate the 
source parameters for an edge. Thus, the 
same algorithm provides solutions for a dike 
or an edge, and the interpreter can choose 
the right depth whether the source is a thin 
dike or a thick body with distinct edges.    In 
the present study the Werner total field 
solution was used to estimates the depth, dip 
and susceptibility values of the magnetic 
source. Six aeromagnetic and four ground 
magnetic profiles were taken along the 
Kalangai fault system. The profiles were 
taken perpendicular to the strike direction of 
the fault (NW-SE). 

RESULTS AND DISCUSSION 
The Werner deconvolution modelling results 
for the ground and aeromagnetic magnetic 
profiles are given in Table 1 and 2 
respectively, while Figures 4-7 (a,b) 
represents typical field data and their 
corresponding Werner deconvolution plots for 
the ground and aeromagnetic profiles. The 
results suggest a thin dike solution model for 
the Kalangai fault system along all the 
profiles taken. The solution shows that with 
the exception of profile DD

1
 and JJ

1
 the dikes 

are homogeneous in nature (continuous 
source point). Results obtained from the 
Werner deconvolution modelling solutions of 
the aero and ground magnetic profiles of the 
Kalangai fault system are in good agreement.  
Magnetic Susceptability 
The susceptibility value calculated along 
aeromagnetic profiles varies from 0.0018 x 
10

-2
 to 0.757 SI units with an average value of 

0.21 SI units, while that of the ground 
magnetics vary from 0.75 x 10

-3
 to 0.41 X 10

-2 

SI units with an average value of 0.43 x 10
-2
.  
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These susceptibility values suggest that they 
are mafic to ultramafic igneous rocks (Clarke 
and Emerson, 1991; Telford et al., 1976). It is 
worth nothing that apart from profiles GG

1 

and HH
1
of the aeromagnetic and DD

1
ground 

magnetic, the rest of the profile were taken 
across the fault where there are no 
occurrences of mafic rocks in the area. 

 
Table 1:  Werner Deconvolution Results for ground magnetic Profiles 

Profiles Estimated Angle of 
Dip of the fault 

Average susceptibility 
rocks along the fault 
(SI units) 

Estimated depth 
along the fault 

A-A
1
 80° 0.41 x 10

-
² 160 m 

B
1
-B 80° 0.35 x 10

-
² 700 m 

C
1
-C 90° 0.75 x 10-³ 130 m 

D-D
1
 85° 0.19 x 10

-
² 250 m 

 
Table 2: Werner Deconvolution Results for aeromagnetic Profiles 

Profiles Estimated Angle of 
Dip of the fault 

Average susceptibility 
rocks along the fault 
(SI units) 

Estimated depth 
along the fault 

E-E
1
 85° 0.0018 x 10

-
² 5.2 km 

F-F
1
 80° 0.757 10.0 km 

G-G
1
 85° 0.011 6.0 km 

H-H
1
 73° 0.408 12.0 km 

I-I
1
 90° 0.021 2.0 km 

J-J
1
 65° 0.080 4.0 km 

 
Depths to Magnetic sources 
The estimated depth of the fault from the 
aeromagnetic profiles ranges from 2 to 12 Km 
along the profiles with an average value of 
6.5 Km, while that of the ground magnetics 

vary from 130 to 700 meters with an average 
value of 310 m. The variation in depth can be 
attributed to difference in length of the 
profiles taken as the depth calculated by the 
techniques depends on length of the profile

. 
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Fig.4: Werner deconvolution model for part of the ground magnetic data along profile AA

1
. 

a) Total magnetic field intensity plot 
b) Corresponding Werner deconvolution model plot 
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Fig.5: Werner deconvolution model for part of the ground magnetic data along profile BB

1
. 

a) Total magnetic field intensity plot 
b) Corresponding Werner deconvolution model plot 
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Fig.6: Werner deconvolution model for aeromagnetic data along profile EE

1
. 

a) Total magnetic field intensity plot 
b) Corresponding Werner deconvolution model plot 
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Fig.7: Werner deconvolution model for the aeromagnetic data along profile FF

1
. 

a) Total magnetic field intensity plot 
b) Corresponding Werner deconvolution model plot 

Dip Angles 
The dip angle estimated from the models for 
the fault ranges from 65

0
 to 85

0
. The lowest 

dip value of 65
0 

for the fault was estimated 
along profile JJ

1
 while the highest value of 

90
0
 was obtained along profile CC

1
 and II

1
. 

The trend of the Kalangai fault varies 
according to the type of rock, thus in brittle 
rocks (geisses, migmatites and granites) the 
average trend is 45

0
E, whereas in the 

schistose rocks the average trend is 65
0
E 

(Truswell and Cope, 1963). 
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The same variation was observe with regards 
to the depth of the fault, in brittle rocks the 
depth values ranges from 5 – 12 Km, while in 
schistose rock the value ranges from 2 – 4 
Km. However there is no such variation as 
regard to the dip angle of the fault at depth 
in all the rock types in the area. The dip 
angle varies from 65

0
 to 90

0
 with an average 

value of 82
0
. The depth and dip values of the 

fault system suggest that the Kalangai fault is 
a Pan-African deep crustal structure. The 
pattern of these fracture systems was 
probably established during the Pan-African 
orogeny (McCurry, 1971), and the main 
transcurrent movement probably occur then, 
but may well represent lineaments of much 
greater age (Wright, 1976). 
Conclusion 

Werner Deconvolution modelling method has 
proved to be useful in the analysis of the 
fault system most especially in delineating 
and characterizing fault system. The fault 
system was seen to be a high angle fault, a 
common feature of strike slip fault system. A 
close association between the fault and basic 
to ultramafic rocks was also established at 
depth, where the rocks occur in the form 
well developed dykes. The study has also 
showed that even in areas where the fault 
cut across granitic rocks, the presence of 
very high susceptibility rocks of 0.021 to 
0.757 SI units typical of mafic to ultramafic 
rocks have been recorded at depth of 2 to 10 
Km. This could represent ophiolitic 
fragments. 
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