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Abstract To resolve the problem of gravity mapping in the Mayo-Kani Division, we extracted a sample of data
from the high-resolution Bouguer anomaly database EGM2008. The objective of this process was to map and detect
subsurface anomalies in the region. Regional-residual separation was applied to the data using a third-order
polynomial fit. This separation enables to obtain regional and residual maps. Other filtering actions, such as
horizontal and vertical derivatives, have been applied to the data to enhance sources of anomalies in the study area.
The residual map of the study area was superimposed on the geological map to delineate and interpret the correlation
with the shallow geological structures. The main sources of residual gravity anomalies have been recognized. The
interpretation of the derived maps revealed the N-S, E-W, NE-SW and NW-SE structural patterns. These trends have
been associated with the major structural directions observed in the Far North Cameroon region. The Euler
Deconvolution allowed the detection of sources of anomalies and to determine their depths. The fracture map
obtained from this method has improved knowledge on the search for buried ores and the geological structures
associated with oil and gas deposits. Overall, the generated gravity maps provided a better understanding
of the Mayo-Kani geological setting.
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1. Introduction
Satellite mapping has for some time been making great
progress and success in the search for buried ores and
structures associated with oil or gas deposits [1,2,3]. It is
achieved by linking the points, by interpolation or
reasoned extrapolation of the unknown. It is from satellite
mapping that maps are made using approaches evolving
scientific concepts, supported by more and more efficient
analytical means. Because of this, the states can have
information to stimulate exploration activities, then
exploitation of their mineral raw materials and thus
contribute to the development of their economies [1,2,3].
Given the importance of satellite mapping for certain
states, we have decided in this study to approach the
gravity mapping of the Mayo-Kani Division. Indeed, in
this region the terrestrial and aerial data do not exist.
Various authors, however, suggest that gravity data
derived from the gravity model EGM2008 can be used
effectively to compensate for the absence and rarity of
terrestrial and aerial gravity data [4-11]. Generally, the

exercise consists of simply extracting the data from this
model over a range of interest. In this paper we use data
from the high resolution geo-potential model EGM2008
for mapping anomalies of the Mayo-Kani Division and
delineating geological structures that have a high
mineralogical or petroleum potential. The high resolution
geo-potential model EGM2008 used is derived from the
EGM96 model that is published every decade. The gravity
data from this model have an important aspect [4-11]: they
are less expensive and allow a quick and general coverage
in less time of large areas of exploration. The interpretation of
these data is generally a very vital tool in the mineral
and/or petroleum exploration industry by identifying anomalies
and lineaments. The maps from the EGM2008 model are
dependent on the ability of the devices installed within the
satellites to detect slight variations in the density of the
rocks in the subsurface. The resolution of these devices
and their orientation may allow better detection of
anomalies and fractured structures of the soil and subsoil.
The article consists of five parts: the geological context
of the study area, the source of the EGM2008 data, the
filtering methods, the interpretation of the obtained maps
and discussion.
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2. Geologic Setting
The Mayo-Kani Division, is one of the six Divisions of
Far-North Region of Cameroon. The geological history of
this study area and the Far-North Region of Cameroon
(Figure 1) is closely related to that of the Lake Chad
Basin [12,13,14]. In this region, sedimentary deposits are
dependent on a succession of regression and transgression
regimes caused by the alternation of arid and wet periods
[12,14-18]. The major structural directions encountered
here are [14,16,18-23]: N12°E, N28°E: Cameroon
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volcanic line, N58°E: Somali direction, N73°E: Adamawa
line, N117°E, N135°E to 142°E: Eritrean direction.
These directions control the folding and faulting of
crystallophyllian basement rocks, the location of volcanic
and subvolcanic devices, and the ultimate post-tectonic
intrusive massifs and much later the hydrographic network.
The basement rocks are Precambrian in age and have been
reactivated during the Pan-African orogeny (~600 Ma)
and this signature makes it possible to integrate the local
geological evolution and structural framework of the
Far-North of Cameroon in a global context [14,16,18-23].

Figure 1. Geological map of the Far-north of Cameroon, the red frame contains the Mayo-Kani zone [12,13,14]
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Far-North Region of Cameroon (Figure 1) is
represented by Precambrian crystallophyllian basement
rocks, sedimentary formations and volcanic formations
[12,13,14]. In this region, the Precambrian crystalline
basement outcrops continuously in the mountainous
western areas, the Southeast peneplain sporadically, and
inselberg in the central zone [12,13,14]. This basement
consists of three main units [12,14,16,18-23]: an
epi-metamorphic complex covering most of the northern
part and forming a band to north of Maroua; a migmatitic
meso-metamorphic ensemble covering about 50% of the
basement surface and forming with the granites all of the
Mandara Mountains; a non-migmatitic meso-metamorphic
ensemble covering about 10% of the surface of the
basement flush in the Kaele peneplain and Moutourwa.
The sedimentary formations extend from the foot of the
Mandara Mountains to the eastern Diamare Plain; all this
together constitutes the sedimentary cover; its thickness
varies from a few meters at the foothills to several tens of
meters at Lake Chad [12,13,14]. These are mainly
lacustrine clays and ancient sands overlain by alluvia from
the Logone river and the Mandara Mountains.
In more detail, sedimentary rocks such as alluvium,
clay, limestone and sandstone make up most of the
surficial rocks of the Far-North Region [12,14,16,18-26].
These deposits follow the rivers of the region, such as
Logone and Mayo Tsanaga, which flow into Lake Chad in
the north. In the south of the region, a strip of granite
separates the sedimentary zone from an area of
metamorphic rock located to the southwest. The latter
region includes outcrops of micaceous gneiss and shale
(Figure 1). The Rhumsiki Valley, a mountainous field
littered with extinct volcano cones and necks, is a small
area of volcanic rock, such as trachyte and rhyolite. The
soils in this region are a bit more complex. They are
dominantly young soils rich in raw minerals. This is the
case for much of the land south of Lake Chad and the
Mandara Mountains on the western border with Nigeria

[18-26]. Here, the soil consists mainly of black clay
(alluvial soil). The seasonal floods of the Logone River
give rise to a north-south band of hydromorphic soils on
the Chadian border. The rest of the territory, comprising
the Diamare plain and the river El Beïd valley, consists of
ferruginous soils. Seasonal wet/dry variations in the
region create relatively shallow, ferrous or lateritic soils
[18-26].
In terms of relief, most of the Far-North Region of
Cameroon is at a relatively low altitude. This low part
forms portion of the Lake Chad plain and its gentle slopes
vary from 500 m in the southwest to 200 m at the edge of
the Logone river. The average elevation of this basin is
280 m (Figure 1). The Diamare plain occupies the lower
third of the Lake Chad plain and is characterized by a
number of isolated inselbergs. The Mandara Mountains on
the southwestern border with Nigeria form the highest
point, between 500 m to 1000 m above sea level, with an
average of about 900 m [18-26]. The Tourou Mountain is
the highest point culminating at 1442 m. These mountains
are probably the result of the same tectonic activity that
led to the Benue trough in Nigeria. The area was once
volcanically active, as evidenced by a number of trachyte
and rhyolite extrusions of extinct volcanoes. The most
spectacular of them is in the valley near the tourist village
of Rhumsiki. The part of the chain located in the far-north
is on a medium plateau located between 800 m and 900 m.
Isolated mountains continue in the Diamare plain, at
Mindif, Boboyo, Kaele and Lara. The northern expanse of
these mountains is dissected by several rivers [18-26].
The study area (Figure 2) is located in the far-north of
Cameroon. It is bounded by latitudes (9.50°N-10.40°N)
and longitudes (14.00°E-15.50°E). This area is covered
with sedimentary formations and magmatic formations
represented by a set of isolated and chaotic rock masses.
The geological formations generally listed are [27]:
granites, sandy clays, micaschists, clay sands, laterite,
basalts and rhyolites.

Figure 2. Geological map of Mayo-Kani: [27], it allows making a mining inventory of the study area. It includes a legend that lists and describes the
geological formations that one meets there
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The geological maps that we have just described
(Figure 1 and Figure 2) enable to make a mining inventory
of the region. They include a legend that lists and
describes the formations found there. These formations are
a projection on the topographic surface, of the rock layers
organization in depth. The realization of these maps was
based on the "entities" recognition that make up the
subsurface and on the geological formation’s geographical
distribution and their mutual relations.

3. Data Origin
The Bouguer gravity data used in this study were
extracted from the Earth Geospatial Model (EGM 2008)
from which the World Gravity Map (WGM) was produced.
The authors of these data are NGA, AGI and IGFS. The
information contained in these data includes longitudes,
latitudes, altitudes, the free-air gravity values observed
and corrected Bouguer gravity values. This gravity dataset
comprehensively covers the entire world and has
undergone the best possible corrections to date
[4-11,28,29,30,31,32]. Bouguer corrections were made
with a density of 2.670 kg/m3. We use this data because it
can cover a larger area than land and air data. They can
correct systematic errors in land surveys. The equipment,
techniques, software and treatment procedures are already
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established and in development. The EGM2008 model has
several advantages [4-11,28,29,30,31,32]: (1) It uses an
ellipsoidal harmonic coefficient of 2160 (11km); (2) It has
the highest spatial resolution available and a uniform
gravity data capability; (3) It has been well developed and
is free to use. It can solve problems related to a spatial
resolution of five minutes arc or nine kilometers for most
regions, a resolution about six times higher than previous
models. (4) It provides good information on previously
inaccessible or poor-data areas and extends across natural
and man-made boundaries. (5) It integrates data from
different sources, including satellite altimetry on the
oceans and Earth's gravity.
The absolute gravity values of the EGM2008 model
were calculated using the Geosoft Oasis-Montaj software
[33]. The World Geodetic System 1984was used to calculate
the gravity value on the Earth's ellipsoid [4-11,33]:
 1 + 0.001931855138639sin 2 λ
g0 = 9.7803267714 

2
 1 − 0.00669437999013sin λ






where λ is the latitude of the gravity station.
The different authoring agencies of this data applied the
latitude, altitude, topography, bouguer, free-air and Eotvos
corrections [4-11,33]. The map (Figure 3) represents the
regular digitized grid of study area data extracted from the
EGM2008 model.

Figure 3. Bouguer data post map,the data were integrated into the Surfer software and tied to the World Reference Geodetic System (WGS84) using
Manoca 1962 UTM zone 33N projection
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4. Methods
To facilitate geophysical interpretation, several filtering
techniques have been applied to gravity data. These filters
have been applied using the Oasis Montaj software and
are considered most useful for delineating gravity
anomalies, defining body edges, and amplifying trends in
terrestrial discontinuities [4-11,33]. Regional-residual
separation by analytical polynomial fit was applied to the
EGM2008-Bouguer data. Gradient filters were applied to
detect sources of anomalies and enhance structural
directions. Euler's deconvolution was applied to localize
sources of local anomalies, deduce their depths, and obtain
the fracture map of the study area.

4.1. Polynomial Fitting Method
The polynomial fit was used to produce the third-order
regional and residual maps using the Oasis Montaj
software [33]. This method is based on polynomial
decomposition series. It uses the least squares method to
compute the mathematical surface giving the best fit to the
data for a specified degree of detail [33,34,35,36]. This
surface is considered the regional gravity anomaly. The
residual is obtained by subtracting the regional field from the
Bouguer gravity field. In practice, the regional surface is
considered as two-dimensional polynomial. The order of
this polynomial depends on the complexity of the geology
of the study area [33,34,35,36]. The third order polynomial
surfaces of the regional anomaly obtained in this work are
presented along with the corresponding residual anomaly.

4.2. Horizontal and Vertical Derivatives
Methods
The horizontal and vertical derivatives have been used
to enhance and highlight the edge of the anomalies, and to
move the maximum number of anomalies above the
sources. They have also been used to define trends and
boundaries of structures and to separate anomalies at
varying frequencies [37-41]. Horizontal and vertical
derivatives are often used for qualitative interpretations as
they prove to be a very effective means of highlighting
short wavelength anomalies [37-41]. The horizontal
derivatives bring out lineaments perpendicular to the
direction of the derivation. Whereas, vertical derivatives
focus on superficial sources [37-41]. The basic equations
of these derivatives obey the Fourier transforms in order
  d nG  
n F 
  in the frequency domain. The Fourier
  dx n  

 
transform of the derivatives is calculated by multiplying
the Fourier transform of the field F[G] by the wave
numbers (kx, ky and k). The equations for these
derivatives are formulated as follows [37-41]:
 dG 
 dG 
=
F
ik=
x F [G ] ; F 
 ik y F [G ]

 dx 
 dy 
 dG 
and F 
 = k F [G ]
 dz 

Where n = 1 is the degree of derivation and i is the
imaginary number (𝑖𝑖 2 = −1).

4.3. Euler Deconvolution Method
The application of Euler deconvolution to gravity
geospatial data often leads to very interesting results for
mapping. It uses the gravity field to locate the sources of
anomaly and thus allow to quickly obtain an estimate of
the source’s depth [42-51]. Initially developed for the
interpretation of aeromagnetic and aerogravity data,
Euler's Deconvolution uses the three components of the
gravity field gradient (two horizontal and one vertical) to
locate sources of anomaly [42-51]. This method enables to
quickly obtain an estimate of the source’s depth. The data
of the gravity field to be interpreted, G, are interpolated on
a regular grid and the gradients are calculated from this
grid (Figure 3). The estimation of the observed regional
field, G0, and of the structural index, N, which
characterizes the type of source, are fundamental for a
good application of the method.
4.3.1. Formulation of the Euler Deconvolution
Euler's deconvolution is based on the mathematical
formulation represented by the following homogeneity
equation (42,43,46]:

G ( x, y , z ) =

k

(

 x − x )2 − ( y − y )2 − (z − z )2 
o
0
0 


N

With: G the intensity of the field of anomalies at the point
(x, y, z); (𝑥𝑥0 , 𝑦𝑦0 , 𝑧𝑧0 ) the geologic location coordinates of
the anomaly source; k a parameter independent of (x, y, z)
and N the structural index. In the case of gravity data, N can
take the values 0, 1, 2 (N = 0 for contacts and faults, N = 1
for dykes, N = 2 for horizontal or vertical cylinders). Using
the one order upwind discretization scheme, the Euler
homogeneity equation of the previous gravity field becomes:

 ∆y ∆z ( x − x0 ) Gi +1, j ,k + ∆x∆z ( y − y0 ) Gi , j +1,k 


 +∆x∆y ( z − z0 ) Gi , j ,k +1 − ∆x∆y ∆zNG0

Gijk =
 ∆y ∆z ( x − x0 ) + ∆y ∆z ( x − x0 ) 


 +∆y ∆z ( x − x0 ) − ∆x∆y ∆zN 
With Δx, Δy and Δz the different increments along the x,
y and z directions.
The matrix scheme of the Euler homogeneity equation
used is of the form:
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To solve this system of equations, it takes at least four
measurement points. For this we consider a square
window (w x w = n) on the gradient grids of the field.
This window gives a system of n linear equations
[42,43,46]. By representing the matrix system in the form:
AM = D, the matrix of solutions M is obtained in the
form: M = A−1 D in the least-squares sense, with A-1 the
inverse matrix of A.

5. Results and Interpretation
We distinguish two types of interpretations of
gravity data; qualitative interpretation and quantitative
interpretation. Here we present a qualitative interpretation
of gravity anomaly maps.

5.1. Qualitative Interpretation of Fitting
Gravity Maps
In this part, we interpret the Bouguer Gravity anomaly
maps, regional and residual. This interpretation aims to
establish correlations between gravity maps and the
geology of the area. The tectonics of the study area can be
examined by analyzing the structural trends of the
different color scales.
5.1.1. Interpretation of the Bouguer Anomaly Map
The EGM2008 mesh gravity data map (Figure 3)
produced the Bouguer anomaly map (Figure 4). The
analysis carried out on this map according to the color’s
amplitude allow to recognize the shape, the size and
the limits of the various abnormal forms. The color
distribution represents a combination of shallow
anomalies and deep-seated anomalies. Its description
provides an aid to the delineation of heterogeneities
created by geological formations due to density variations
within the Earth's crust [47-51]. This color distribution
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shows two types of anomalies: red high-density anomalies
that are associated with a high-density level and
low-density green, blue, and yellow anomalies that are
associated with a low-density level. The color scale
reveals that the Bouguer field amplitude is 42 mGal
varying between -65.6 and -24.1 mGal. Overall the
different structures are oriented N-S, E-W, NW-SE and
NE-SW. These directions control the folding of
crystallophyllian rocks, faults, the hydrographic network,
the location of volcanic and subvolcanic devices, and the
ultimate post-tectonic intrusive massifs in the region.
5.1.2. Interpretation of the Regional Anomaly Map
The regional anomaly map (Figure 5) is considered to
be close to the effect of very deep or regional structures at
the local scale. The regional anomalies observed are
characterized by large negative anomalies varying
between -36.9 mGal and -47.8 mGal. It globally has a
E-W gradient direction. This gradient corresponds to a
thinning of the crust towards the north of the study area.
5.1.3. Interpretation of the Residual Anomaly Map
The EGM2008 residual anomaly map (Figure 6) shows
anomaly values ranging from -22.6 mGal to 18.1 mGal,
mainly grouped into positive (P) and negative (N)
anomalies. It has four poles of colored anomalies: the
positive anomalies of West Kaele, Mindif, North
Moulvouday and Guidiguis, Touloum and Dziguilao.
These positive red anomalies can be associated with
magmatic inselbergs. The correlation of the residual map
with the geological map shows that the negative anomalies
of green, yellow and blue color correspond to an
alternation of sedimentary formations such as clayey sand
and sandy clays. Overall, the surface geological structures
are oriented N-S, E-W, NW-SE and NE-SW which is an
indication of the structural trending directions of
subsurface and mineralogical traps or deposition of
hydrocarbons in the region.

Figure 4. Bouguer anomaly map of the study area with high-densities marked in red and low-densities in yellow, green and blue
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Figure 5. Map of regional anomalies of the study area marked by a strong horizontal gradient

Figure 6. Map of residual gravity anomalies produced by subtracting a third-order polynomial surface from the Bouguer anomaly

5.2. Qualitative Structural Interpretation of
Derivative Maps
To map the gravity lineaments of the study area, horizontal
and vertical gradients were applied to the data. In this part
we present the results in the form of anomaly maps.
5.2.1. Interpretation of the Horizontal Derivative Map
According to X
Figure 7 is the map of the horizontal gradient along X.
This map presents maxima and minima of gradient: The

maxima gradients are marked in red color and can be
associated with the trend direction of the basement
formations; the green, yellow and blue minima gradients
can be associated with discontinuities in sedimentary
formations. The most important trends observed on the
map are N-S and NE-SW directions. These trends
coincide with the orientation of faults and geological
contacts between basement formations and sedimentary
formations. To obtain this map, the following
characteristics were selected: the structural index N = 0,
the window calculation WS = 10km x 10km and the
tolerance T = 15%.
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Figure 7. Horizontal gradient (X) gravity anomalies map with maxima gradients marked in red color and minima in green, yellow and blue color

5.2.2. Interpretation of the Horizontal Derivative Map
According to Y
The map (Figure 8) represents the horizontal derivative
along Y. This map also has maxima and minima gradient: the
maxima gradients are marked in red and can be associated
with the direction of the basement formations while the green,
yellow and blue minima gradient can be associated with
discontinuities in sedimentary formations. The most important
trends observed are NW-SE and NE-SW directions. These
trends coincide with the orientation of faults and geological
contacts between the basement formations and the
sedimentary formations of the study area, perpendicular to
the derivation direction. To obtain this map, the following
characteristics were selected: the structural index N = 0,
the calculation window WS = 10km x 10km and the
tolerance T = 15%.

5.2.3. Interpretation of the Vertical Derivative Map
The vertical derivative technique has almost the same
objective as residual polynomial filtering in gravity data.
It emphasizes the expression of local characteristics and
suppresses the effects of regional anomalies [47-51]. The
vertical derivative map (Figure 9) shows a colored
distribution of the gravity anomaly across the Mayo-Kani
Division. It highlights the abnormal effects close to the
surface at the expense of the effects of deep origin. His
analysis shows that it enhances the edges of anomalies and
improves the superficial features. Small anomalies are
more apparent in areas of strong regional disturbance.
This map shows areas of high mineralization, particularly
in Moutourwa and north of Kaele; at Moulvouday the
anomaly in blue can be associated with the portion of a
sedimentary basin.

Figure 8. Horizontal gradient (Y) gravity anomalies map with the maxima gradients marked in red color and minima in green, yellow and blue.
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Figure 9. Vertical derivative map with maxima gradients marked in red color and minima in green, yellow and blue color

5.3. Interpretation of the Euler Solutions Map
and the Fracture Map

in the areas of subsurface structural interpretation and
mineral exploration.

The analysis of the lineaments represents an important
step in the geological cartography of the sedimento-magmatic
domains and in the prospection of the subsurface
resources. Mapping by conventional methods (monitoring
of faults in the field, aerial photographs according
to the analogue mode) does not always allow to identify
all the existing lineaments [44,45,46,47]. In this part we
present the maps of Euler solutions and lineaments
extracted from gravity data. These maps are fundamental

5.3.1. Interpretation of the Euler's Solutions Map
Map (Figure 10) shows the set of Euler solutions
obtained from the EGM2008 data. It shows the distribution
of the geological structures responsible for anomalies
in the region and their depths. The shallower geological
structures are represented by the blue Euler solutions
while the deepest structures are represented by the
green and red solutions, i.e. between 1000 and 2000 m
depth.

Figure 10. Euler solutions map, point distribution is an indication of the anomaly sources depth
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Figure 11. Fractures map. It shows the deep fracture network obtained by the gravity data

5.3.2. Interpretation of the Fracture Map
The fracture map (Figure 11) can provide information
on flow directions, drainage axes and feeding areas for
hydrogeological or mining research. In order to better
schematize the results obtained from the polynomial
separation and the horizontal and vertical derivatives, we
summarize all these observations by an interpretative map
of the gravity lineaments. Map (Figure 11) shows a
network of lineaments that are mostly on the edge of the
magmatic rock massifs. These different lineaments delimit
the large geological structures of the region and confirm
the field observations. The length and the density of the
fracturing network represent important parameters
recognized for their hydrogeological and mining interest.
The statistical analysis of the rose diagram has 27
gravity structural elements, whose size varies between 0
km at 16.306 km, the main lineaments have a length of
16.306 km, and the mean lineaments have an average
length of 7.52 km. The total length of the mapped
lineaments is approximately 195.524 km. The rose diagram
direction highlights a main direction N-S and preferential
directions: N-S, E-W ENE-WSW. This interpretation
allowsto validate the interpretations already made on the
residual and derivatives maps of the study area.

6. Discussion
At the scale of the Mayo-Kani region, the study
of gravity maps has led to a better understanding of
structural geology. This study allows to know the different
deformations undergone at different scales by the rocks as
well as the forces, or constraints which are the cause. The
main family of structures we encountered is the faults. The
Euler deconvolution solutions (Figure 10) are located at
depths between 0 and 2000 m. From a qualitative point of
view, the greatest depths are recorded in the infilled plain
with alluvium. From a quantitative point of view, there are

more shallow solutions in the areas. To validate Euler's
solutions, the lineaments obtained from the deconvolution
were superimposed on the geological map of the study
area (Figure 2). The compilation of these lineaments and
those determined by the analysis of satellite images by
[27], leads to a slight parallelism. The structural
interpretation of the gravity maps shows that Mayo-kani
anomaly sources are located at the intersection of deep
faults at depths of the order of 500 to 2000 m. These
results are consistent with those obtained [27] using the
Schuttler Radar Topography Mission (SRTM) data.

7. Conclusion
The purpose of this study was to map and detect
structural subsurface anomalies in the Mayo-Kani
Division. The application of residual regional separation
to Bouguer anomaly data allowed the residual anomaly to
be obtained using the third order polynomial fit. The edges
and source bodies of the residual anomaly have been
refined to reduce the complexity of anomalies as well as to
amplify fault patterns using horizontal and vertical
derivatives. The interpretation of the derived maps
revealed the N-S, E-W, NE-SW and NW-SE structural
trending directions. The application of the Euler
Deconvolution for the detection of faults, allowed to
improve the knowledge on the distribution of the
geological structures source of gravity anomalies. The
results obtained in this study show that the area is
geologically important because it can be viable for mineral
exploration and why not for hydrocarbon exploration.
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