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Abstract 
Aeromagnetic data over the Mamfe Basin have been processed. A regional 
magnetic gridded dataset was obtained from the Total Magnetic Intensity 
(TMI) data grid using a 3 × 3 convolution (Hanning) filter to remove regional 
trends. Major similarities in magnetic field orientation and intensities were 
observed at identical locations on both the regional and TMI data grids. From 
the regional and TMI gridded datasets, the residual dataset was generated 
which represents the very shallow geological features of the basin. Processing 
this residual data grid using the Source Parameter Imaging (SPI) for magnetic 
depth suggests that the estimated depths to magnetic sources in the basin 
range from about 271 m to 3552 m. The highest depths are located in two 
main locations somewhere around the central portion of the study area which 
correspond to the area with positive magnetic susceptibilities, as well as the 
areas extending outwards across the eastern boundary of the study area. 
Shallow magnetic depths are prominent towards the NW portion of the basin 
and also correspond to areas of negative magnetic susceptibilities. The basin 
generally exhibits a variation in depth of magnetic sources with high, average 
and shallow depths. The presence of intrusive igneous rocks was also ob-
served in this basin. This characteristic is a pointer to the existence of geolog-
ic resources of interest for exploration in the basin. 
 

Keywords 
Mamfe Basin, Aeromagnetic Data, Source Parameter Imaging (SPI), Depth to 
Magnetic Sources 

How to cite this paper: Ndikum, E.N. and 
Tabod, C.T. (2024) Applying Source Para-
meter Imaging (SPI) to Aeromagnetic Data 
to Estimate Depth to Magnetic Sources in 
the Mamfe Sedimentary Basin. International 
Journal of Geosciences, 15, 1-11. 
https://doi.org/10.4236/ijg.2024.151001 
 
Received: December 6, 2023 
Accepted: January 23, 2024 
Published: January 26, 2024 
 
Copyright © 2024 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/ijg
https://doi.org/10.4236/ijg.2024.151001
https://www.scirp.org/
https://doi.org/10.4236/ijg.2024.151001
http://creativecommons.org/licenses/by/4.0/


E. N. Ndikum, C. T. Tabod 
 

 

DOI: 10.4236/ijg.2024.151001 2 International Journal of Geosciences 
 

1. Introduction 

Magnetic anomalies resulting from the magnetic properties of rocks beneath the 
surface of the earth constitute the basis of magnetic method which is used to 
study the local geology of localities across the earth. When rocks which differ in 
magnetic properties are located next to each other, there is contrast in magneti-
zation which is the source of the magnetic anomalies. 

The Mamfe Sedimentary basin which is about 130 km in length and 60 km in 
width (Figure 1) is known to be the smallest of the three side rifts associated 
with the Benue trough of West-Central Africa; it extends from the lower Benue 
trough in Nigeria into Southwestern Cameroon where it narrows and terminates 
under the Cameroon Volcanic Line (CVL) [1]. A limited amount of geophysical 
studies are known to have been carried out in this basin in recent times; among 
which is the work of [2] who did a study of the aeromagnetic field over two ma-
jor basalt flows in the Mamfe basin as an aid to the location of Primary minera-
lizations using spectral analysis and 2.5D inversion methods. The depth of the 
basement complex beneath the basalt flows was determined through spectral 
analysis to range from 1.81 km to 2.00 km from the east to the west of the basin 
respectively. Magnetic inversion along 7 profiles in the study area yielded model 
shapes of the basalt layers which indicated that the basalt conduits can be relia-
bly located. This study also highlighted areas favourable for drilling for primary 
materializations. Gravity data was used by [3] to lay the foundation for an inves-
tigation of the details of the sedimentary basin of Mamfe and the analysis of the 
tectonic corridor with N-S regional direction which is observed towards the  
 

 

Figure 1. Location map of the Mamfe sedimentary basin ([8] in [1]). 
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eastern edge of the basin. The results of three gravity surveys were used by [1] to 
generate residual anomalies which suggested two NE-SW gravity lows attributed 
to sedimentray infill about the localities of Ekok and Agbokem and about Mu-
konyong, Mamfe and Bachuo Akangbe. Reduction to the pole (RTP), upward 
continuation, horizontal gradient of the total magnetic intensity and analytic 
signal and euler’s deconvolution were used by [4] on aeromagnetic data from the 
Mamfe Sedimentary Basin (MSB) and a part of the East of Nigeria to suggest a 
structural map of the study area which presents the fault system of the zone. 
They also highlighted the positions of intrusions of igneous bodies that can help 
in an orientation for a geophysical investigation. The study also justifies the 
complexity of the tectonics of the region and reveals geological structures that 
previous methods could not identify.  

A third order polynomial filtering of Bouguer gravity data from the Mamfe 
sedimentary basin was performed by [5] to estimate the depths of the sedi-
ment/basement interfaces along two profiles above the Mamfe sedimentary ba-
sin to be equal to 1900 and 5073 m, respectively. Geophysical studies using 
ETOPO1-corrected high resolution satellite-based EGM2008 gravity data was 
done by [6] to define the surface extent, depth to basement and shape of the 
Mamfe basin. They deduced from residual maps that gravity highs in the basin 
correspond to metamorphic and igneous rocks while gravity lows were matched 
with cretaceous sediments. From results of 2D modeling, they showed that the 
Mamfe basin has an average length of 77.6 km, an average width of 29.2 km, an 
average depth to basement of 5 km and overall U-shape basement. The impact of 
the opening of the South Atlantic on the tectonics of the Mamfe, Douala, and 
Rio Del Rey basins was studied by [7] through a geodynamic approach which re-
lied first of all on qualitative and quantitative analysis of an anomaly map and 
secondly on 2D geological models. The study sought to show that the South At-
lantic has similarly impacted the structure of the three basins concerned while 
the oceanic crust was shown to be thinner than the continental crust through 
spectral analysis in this study area. 

These studies which highlight a number of geophysical features located in the 
Mamfe sedimentary basin, have nevertheless provided very limited information 
on the depth to magnetic sources around this basin. This has enhanced the need, 
in this study, to employ the Source Parameter Imaging (SPI) technique to esti-
mate the depths to magnetic sources in the Mamfe sedimentary basin. 

2. Geologic and Tectonic Settings 

The Mamfe basin is a non-intracratonic producer basin having a surface area of 
about 2400 km2 [4]. It has an altitude range of about 90 m to 300 m and lies be-
tween latitudes 5˚30 and 6˚00N and longitudes 8˚50 and 9˚40E (Figure 2). It is 
filled with cretaceous sediments and to the west it opens to the Ikom-Mamfe 
Embayment while to the north it has as border the granite-gneissic Obudu Mas-
sifs [6]. The Oban Massif constitutes a separation between this basin and the  
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Figure 2. Geologic map of Mamfe basin [12]. 
 
Rio-Del-Rey basin to the south while its NE border is the Bamenda highlands in 
the Cameroon Volcanic Line (CVL). This basin is known to be host to a number 
of minerals like sapphire, lignite, zinc and lead as well as important oil fields; 
while it is also made up of horst and grabens [4]. Two main phases characterize 
the principal tectonic activities of the basin, namely: the extension phase charac-
terized by the formation of many faults which are mostly observed on the 
Manyu [9] and the compression phase which is characterized through the anti-
cline and syncline pattern of the basin and a late formation of some faults and 
breaks ([10] & [11]). 

3. Data and Method 
3.1. Data 

The Aeromagnetic data consisting of a grid of 610 data points used in this study 
is the ASCII grid of the magnetic total intensity EMAG2 (Version 2.0), obtained 
at 4 km above the WGS84 ellipsoid which was constituted without directional 
gridding giving it a much sparser coverage which presents more closely the ac-
tual measurements. This data set contains gridded global magnetic data, com-
piled from satellite, marine, aeromagnetic and ground magnetic surveys.  
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3.2. Method 

The data was processed using the Oasis montaj version 7. The regional field of 
the data over the study area was extracted from the Total Magnetic Intensity 
(TMI) data grid using a 3 × 3 convolution (Hanning) filter to remove regional 
trends. The residual dataset was generated through regional-residual separation 
which represents the very shallow geological features of the basin. The residual 
anomaly data were done processed for source parameter imaging (SPI) to de-
termine the depth to magnetic sources in the region. 

The Source Parameter Imagaing (SPI) method is a method that can be used to 
determine source parameters from either a profile or gridded magnetic data. It 
assumes either a 2-D sloping contact or a 2-D dipping thin-sheet model and is 
based on the complex analytic signal [13]. It is quick, easy and powerful in cal-
culating the depth of magnetic sources with an accuracy that has been shown to 
be ±20% in tests carried out on real data sets with drill hole control ([14] [15] in 
[16]). It is also advantageous because the interference of anomaly features is re-
ducible since the method used the second-order derivatives. The SPI method al-
so yields solutions grids which show the edge locations, depths, dip, and suscep-
tibility contrasts; where the estimation of the depth is independent of the mag-
netic inclination, declination, dip, strike and any remanent magnetization [13]. 
For any magnetic field T, the local wavenumber (K) will be given by: 
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The maxima of K for a dipping contact is located directly over the isolated 
contact edges and are independent of the magnetic inclination, declination, dip, 
strike and any remanent magnetization. Consequently, the depth (d) is esti-
mated at the source edge from the reciprocal of the local wave number by using:  

( )0 1 maxxd K= =                          (2) 

where Kmax is the peak value of the local number K over the step source [15]. 

4. Results  

The Total Magnetic Intensity (TMI) for the area under study was plotted on a 
grid (Figure 3) using Oasis montaj version 7.  

This TMI map is characterized by a variation in magnetic susceptibility from 
very low towards the eastern portion of the map and progressively through ave-
ragely high values around the center to very positive values towards the western 
portion of the study area. This progressive variation suggests a transition in 
magnetic behavior across the entire study area. The magnetic fields are oriented 
principally SW-NE and almost N-S especially in the center portion where the 
contours are mostly elongated; while toward the NW and SE portions some E-W 
orientations are observed. Also, some circular orientations are also seen around 
the upper western portion and the center portions of the map. 
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Figure 3. Plot of Total Magnetic Intensity (TMI) over study area. 
 

Gridding the TMI using a 3 × 3 convolution (Hanning) filter resulted to a re-
gional magnetic field (Figure 4) of the study area. Major similarities in magnetic 
field orientations, progressive variation from east to west in magnetic fields and 
positions of intensities were observed at identical locations on both the Regional 
and TMI data grids. This suggests a major signature of the regional field on the 
overall TMI field of the region of study. 

Using the TMI and the regional field, the residual dataset was generated 
through regional-residual separation by subtracting the residual field from the 
TMI using grid mathematics and plotted as a grid file (Figure 5). 

The residual field of the study area presents a more uneven variation in mag-
netic susceptibility across the entire study area with a considerable difference in 
the intensity of susceptibility values compared to those of the TMI and regional 
fields. Principal locations low magnetic susceptibilities are noticed to the NW 
and SE portions of the study area which suggest very poor magnetic rock mate-
rials. Also, two main locations with peak magnetic susceptibilities are located 
towards the center of the study area around Ebam and to the right of Mamfe;  
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Figure 4. Regional Anomaly field over study area. 
 
while another relatively high susceptibility is observed around the SW portion of 
the study area. These locations of peak magnetic susceptibilities are indicative of 
the presence of rocks with very high magnetic properties. There is a relative gen-
tle transition between the locations of magnetic highs towards the central and 
SW portions of the study area and those of magnetic lows to the NW and SE 
portions. 

Processing the residual data grid using the Source Parameter Imaging (SPI) 
for magnetic depth (Figure 6) suggests that the estimated depths to magnetic 
sources in the basin range from about 271 m to 3552 m. 

The highest depths are located in two main locations somewhere around the 
central portion of the study area which correspond to the area with positive 
magnetic susceptibilities, as well as the areas extending outwards across the 
eastern boundary of the study area. Shallow magnetic depths are prominent to-
wards the NW portion of the basin and also correspond to areas of negative 
magnetic susceptibilities. 
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Figure 5. Residual field over study area. 

5. Discussions 

The orientation of the magnetic fields of the TMI and regional plots in this study 
area were seen to be principally SW-NE and almost N-S and translate the align-
ment of magnetic materials in this area. These are similar to the results of [3] 
which presented tectonic corridor with N-S regional direction observed towards 
the eastern edge of the basin. The locations of magnetic highs identified towards 
the center of the study area around Ebam and to the right of Mamfe which cor-
respond with positions of greater depths from SPI results of up to about 3.5 km 
are suggestive of the presence of highly magnetic rocks like basalt which are in 
agreement with the study of [2] which suggest the depth of the basement com-
plex beneath the basalt flows through spectral analysis to range from 1.81 km to 
2.00 km from the east to the west of the basin respectively. The principal SW-NE 
orientations are also in agreement with results of [1] who suggested two NE-SW 
gravity lows attributed to sedimentary infill about the localities of the study area.  
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Figure 6. Plot of SPI results over study area. 
 
The presence of the two locations of the highly magnetic materials which are 
suggestive of igneous rocks like basalt at the depths ranging up about 3.5 km are 
also in line with the results of [4] who highlighted the intrusions of igneous bo-
dies in the Mamfe sedimentary basin. 

6. Conclusion 

The study of the Mamfe sedimentary basin using aeromagnetic data by the 
Source Parameter Imaging (SPI) technique has been carried out. The Total 
Magnetic Intensity (TMI), the regional magnetic field and the residual magnetic 
field have also been plotted as gridded maps which suggest signatures of rock 
behaviors in the study area which are similar to those of other studies carried out 
in the same study area. Results of the SPI method have highlighted the depth to 
magnetic sources in this area to range from about 271 m to 3552 m. The pres-
ence of intrusive igneous rocks is also observed. The basin generally exhibits a 
variation in depth of magnetic sources with high, average and shallow depths. 
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This characteristic is a pointer to the existence of geologic resources of interest 
for exploration in the basin. 
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