
Open Journal of Geology, 2013, 3, 331-339 
http://dx.doi.org/10.4236/ojg.2013.35038 Published Online September 2013 (http://www.scirp.org/journal/ojg) 

Delineation of Lineaments in South Cameroon  
(Central Africa) Using Gravity Data 

Owona Angue Marie Louise Clotilde1*, Tabod Charles Tabod2, Nguiya Séverin3,  
Kenfack Jean Victor2, Tokam Kamga Alain Pierre2,4 

1Department of Physics, Advanced Teacher Training College, The University of Yaounde I, Yaounde, Cameroon 
2Department of Physics, Faculty of Science, The University of Yaounde I, Yaounde, Cameroon 

3Industrial Engineering Faculty, University of Douala, Douala, Cameroon 
4School of Geosciences, University of Witwatersrand, Witwatersrand, South Africa 

Email: *mlasseowona@yahoo.fr 
 

Received June 25, 2013; revised July 25, 2013; accepted August 25, 2013 
 

Copyright © 2013 Owona Angue Marie Louise Clotilde et al. This is an open access article distributed under the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 
properly cited. 

ABSTRACT 

Gravity method is among the most applied geophysical methods in mineral and oil exploration. It may help to identify 
fault networks which are of interest for mineral exploration. Potential field data can give valuable information on the 
location of faults in the basement. These faults may have propagated into the overlying sedimentary rocks and in- 
fluenced fluid flow and distribution of hydrocarbon traps and mineralization zones. A study was therefore conducted in 
south Cameroon with the aim of highlighting the different lineaments of the region, which were completely or partially 
hidden by the sedimentary cover. Different gravity data processing techniques including horizontal gradient coupled 
with upward continuation and Euler deconvolution were used. The application of these methods has mapped out a 
number of lineaments depicting gravity density discontinuities whose directions are NS, NE-SW, EW and NW-SE. The 
predominant direction for major lineaments is NE-SW. The major lineaments associated to the faults are: the Kribi- 
Edea faults, Ambam faults, Ebolowa-south of Yaounde faults; Bipindi-Yaounde faults; Pouma-Yaounde fault and the 
fault system which crosses the east, north, west of Monatele city. Euler solutions indicate depths up to18 km for the roof 
of the faults. The main results worked out from this study provide with new elements that allow the improvement of the 
knowledge on the structure of the study area. The structural map obtained shows major tectonic events that are 
responsible of the structural layout of the study zone. In addition, information related to the dip and depth of the various 
structures was also obtained. The map of lineaments is a useful tool for the planning of hydrogeological and/or petro- 
leum investigations. 
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1. Introduction 

The area under study belongs to the transition zone be- 
tween the northwestern edge of the Congo Craton (CC) 
and the Oubanguides belt (Figure 1). Tectonic activities 
still affect the area where several earthquakes of moderate 
magnitudes, from 3.4 to 5.7 on the Richter scale have 
recently been reported [1-3] (Figure 2). These earthquake 
activities indicate that the region could be subjected to 
some seismic risk. On the other hand, the zone is marked 
by a continent to continent type of collision involving 
compression and extension movements giving rise to 
major faults. These imply that the Kribi-Campo Fault  

(KCF) running across the study area could also be active. 
The KCF trends almost in a north-south direction and may 
correspond to the northwestern margin of the CC [4]. 
These arguments are important and give motivation for 
further detailed investigations of the area. 

Previous studies have been conducted in the area. 
These included works by [4-8] and many unreported 
studies by oil companies. The results from the above 
investigations mainly reveal a crust that is thickening 
eastwards from the coast region (Kribi-Campo where 
crustal thickness is estimated to about 25 km) towards 
Congo Craton (about 45 km crustal thickness). In addi- 
tion[7], results from the high shear wave velocity ob-  *Corresponding author. 
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Figure 1. (a) Map showing the principal tectonic units of 
Africa and the location of Cameroon within the Pan-Afri- 
can North Equatorial Fold Belt. (b) Geological map of the 
southern part of the Pan-African North Equatorial Fold 
Belt in Cameroon (modified from [21,22]. WAC = West 
African Craton; CC = Congo Craton; KC = Kalahari cra- 
ton; CVL = Cameroon Volcanic Line; CCSZ = Central 
Cameroon Shear Zone; SCSZ = Southwest Cameroon Shear 
Zone; SF = Sanaga Fault. (Modified after [3]) 
 

 

Figure 2. Topographic map of the study area showing epi- 
centres of some recent earthquakes that occurred in the 
region (yellow stars). Red triangles show the MT stations 
used in [9]. 

served on their crustal models, have suggested that the 
lower crust is mainly composed of mafic rocks. 

Recently, our group has carried out a geophysical sur- 
vey of the transition zone between the CC and the Kribi- 
Campo sedimentary basin [9]. In that study, we combined 
different sets of data including Magnetotellurics (MT) 
and seismic data, to constraint a 2D1/2 gravity model 
along an east-west profile crossing the Kribi-Campo and 
the Congo Craton regions. As a result, the 2D1/2 gravity 
model derived in that study provided new insights on the 
transition zone. This allows a better orientation of the 
KCF while its geometry has also been inferred. The 
model obtained provides a better understanding of the 
mechanism of deep-seated tectonic activity in the region, 
which is probably connected to the settings of the Kribi- 
Campo basin. In addition, the thrusting of the Panafrican 
Mobile Belt over the Congo-Craton, already invoked by 
many authors [10,11] has also been shown in our model. 

Although results of all the works cited above provided 
useful information over the study area, none of them 
gave a precise cartography of the lineaments in the study 
area, which was the objective of the present study. The 
Bouguer anomaly map of the region has strong contrasts 
(gradients) that indicate discontinuities such as faults and 
flexures. In order to study these discontinuities, we have 
conducted an analysis based on the horizontal gradient 
coupled with upward continuation and Euler deconvolu- 
tion. These approaches have been successfully used in 
detailed studies, such as in reference [12] and have led to 
delineation of the major geological structures and the 
mapping out of the different tectonic lineaments that af- 
fect the study area. 

2. Geology and Tectonics 

The basement of the study area is composed of Archaean 
rocks of the Ntem Complex [13] overlain by Paleopro- 
terozoic rocks of the Nyong Unit [14]. Late Proterozoic 
rocks of the Oubanguides Belt occupy the northern part 
of the region [15]. The Archaean basement of the basin is 
composed mostly of greenstone belt rocks, charnockites 
and potassic granitoids [16]. Among the faults that cut 
the southern Cameroon region, the Sanaga fault, which 
intercepts the north-western geophysical boundary of the 
Congo Craton as defined by [4,17] has been interpreted 
by[18] as the continuation of the KCF. The KCF seems 
to be aligned with the offshore fault system known as 
Kribi Fracture Zone that had been inferred as the eastern 
end of the Ascension fracture Zone [19,20] (Figure 1). 

3. Gravity Data 

The gravity data used in this work are from different 
gravity campaigns conducted in Cameroon between 1963 
and 1990 by national and international organizations and 
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independent researchers [23,5,6]. They consist of 601 data 
points with irregular inter-station distances of the order of 
4 to 5 km (Figure 3). The irregularities in the distribution 
of the gravity points are due to the difficulties in accessing 
the area, which belongs to the tropical rain forest. Varia- 
tions of the gravity field were measured using the Worden 
gravimeters (N˚ 313, 600, 69 and 135) and the Lacoste & 
Romberg (model G, N˚ 471 and 828). These measure- 
ments were corrected for the effect of the luni-solar tidal 
and instrumental drift (assumed to be linear in time). 
Free-air and Bouguer reductions based on mean density of 
2.67 g/cm3 were applied and the simple Bouguer anoma- 
lies have been derived. 

The resulted Bouguer anomalies are the basic data used 
in this study context. Due to the difficulties in accessing 
data from the sea, they have not been included in this 
study. The simple Bouguer anomaly map (Figure 3) of 
the region was obtained after interpolation using a kriging 
gridding algorithm implemented in Oasis Montaj software. 
This interpolation was conducted along the X (longitude) 
and Y (latitude) axes following a step of 2.75 km. The 
maximum value of Bouguer anomaly in the grid is −92.76 
mGals while the minimum value is −0.82 mGal. The mean 
value which is equal to −52.62 mGals is very near to the 
mean value of non interpolated Bouguer anomalies which 
is equal to −55.23 mGals. 

4. Methods 

The gravity method is a geophysical technique that 
measures differences in the earth’s gravitational field at 
specific locations. It is base on the fact that lateral density 
changes in the subsurface cause a change in the force of 
gravity at the surface. Gravity data are used to constrain 
 

 

Figure 3. Bouguer anomaly map, black triangles indicate the 
localities and black round dots indicate gravity stations. 

subsurface density variations which help to understand 
problems related to tectonics or commodity exploration. 
Station’s gravity must be corrected such that the values 
represent a perfect homogenous sphere, called a “geoïd”. 
If there are still differences in the readings after correc- 
tions are made, then they may truly represent a gravity 
anomaly. The gravity anomaly is the difference between 
observed gravity and some theoretical value of gravity 
predicted at the measurement point.  

4.1. Horizontal Gradient and Upward  
Continuation 

The application of the method that consists of coupling 
the horizontal gradient with upward continuation allows 
the location of discontinuities and determines their dip 

[24]. The gravity anomaly over a vertical contact is 
marked by a curve with a minimum on the side of the 
rocks of low density and a maximum on the side of the 
rocks of high density. The inflection point of the curve is 
located at the base of the contact. After calculating the 
horizontal gradient, this anomaly becomes a maximum 
and facilitates the mapping of the contact. In this study, 
we used a technique for automatically locating the 
maxima of the horizontal gradient based on the method 
of [25]. The application of this technique to a gravity 
map shows that the local maxima of the horizontal gra- 
dients form narrow lines above abrupt changes of density. 
To determine the direction of dip of the contacts high- 
lighted, it is assumed that the more we upward continue 
the gravity data, the more we highlight deep structures. 
Therefore, the procedure consists in creating a series of 
analytical upward continuations of gravity data. Then, for 
each level, we compute the horizontal gradient and de- 
termine its maximum. If structures are vertical, all the 
maxima from the different levels overlap. In contrast, the 
displacement of these maxima, when the height of up- 
ward continuation increases, indicates the direction of 
dip. This approach is valid for two-dimensional struc- 
tures corresponding to the line contacts which separate 
blocks of different densities. This method has been used 
to characterize some lineaments related to major tecton- 
ics in the study area. The horizontal gradients and 
maxima were calculated using the MAGMAP program. 

4.2. Euler Deconvolution 

The apparent depth to the gravity or magnetic source is 
derived from Euler’s homogeneity equation (Euler de- 
convolution).This process relates the gravity or magnetic 
field and its gradient components to the location of the 
source of an anomaly, with the degree of homogeneity 
expressed as a “structural index”. The structural index 
(SI) is a measure of the fall-off rate of the field with dis-
tance from the source. Euler’s homogeneity relationship 
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for magnetic or gravity data can be written in the form 
[26]: 

       0 0 0

T T T
x x y y z z N B

x y z

  
  

      T



 

Where  0 0 0, ,x y z  is the position of the magnetic or 
gravity source whose total field (T) is detected at (x, y, z,). 
B is the regional gravity or magnetic field. N is the 
measure of the fall-off rate of the gravity field and may 
be interpreted as the structural index (SI). The Euler de- 
convolution process is applied to each solution. The 
method involves setting an appropriate SI value and us- 
ing leastsquares inversion to solve the equation for an 
optimum x0, y0, z0 and B. A square window size which 
consists of the number of cells in the gridded dataset to 
be used in the inversion at each selected solution location 
must also be specified. The window is centered on each 
of the solution locations. All points in the window are 
used to solve Euler’s equation for solution depth, in- 
versely weighted by distance from the centre of the win- 
dow. The window should be large enough to include 
each solution anomaly of interest in the total field mag- 
netic or gravity grid, but ideally not large enough to in- 
clude any adjacent anomalies. 

In geological terms, the Euler depths represent the 
structural and/or stratigraphic changes of various geo- 
logical formations. In other words, they appear wherever 
there are lithologic discontinuities existing in the geo- 
logical formations. 

5. Results 

5.1. Analysis and Interpretation of Gravity Data 

The analysis of the Bouguer anomaly map (Figure 3) 
highlights the most prominent anomalies within the study 
area. A general observation of the map shows a structure 
apparently very complex, on which the directions of 
anomalies are variable. To facilitate the analysis of this 
map, it has been divided into several sectors correlating 
more or less with the topography and geology. We can 
distinguish two main areas of interest in connection with 
the two dominant geological formations: 

The western part of the map is marked by a large area 
of positive anomaly, oriented almost north-south. The 
maximum anomaly (−5 mGals) rises south of Kribi to 
Edea with a slight extension to Douala. The linear form 
of this anomaly suggests that it marks the limit of a large 
structure to the left of the study area. Comparison with 
the topographic map shows that it corresponds to low 
altitudes, its position near the sea shows that the source 
of this anomaly consists of highly dense rocks. Correla- 
tion with surface geology shows that this vast area is the 
signature of Archean and Paleoproterozoic formations.  

Part of the center of the map is characterized by a vast 

plateau of negative anomaly generally oriented east-west. 
Comparison with the topographic map shows that this 
plateau corresponds to high altitudes from 300 to 1300 m, 
which according to the principles of isostasy suggests 
that the source of this anomaly is of low density material. 
In general, Bouguer anomalies are usually negative in the 
continents because of isostasy. Isostasy describes the 
state of gravitational equilibrium between the earth’s 
lithosphere and asthenosphere such that the tectonic 
plates “float” at an elevation which depends on their 
thickness and density. This happens because the Earth’s 
continents are made of minerals that are less dense than 
those that are found deeper in the Earth’s crust. The con- 
tinents are therefore floating. Isostasy follows Archimedes 
Principle, which states, “The decrease of weight of a 
body equals to the weight of liquid displaced by the part 
of the body under the liquid surface.” 

The two areas of anomalies described above are sepa- 
rated by a network of high gradient curves of iso- 
anomalies oriented north-south. This orientation coin- 
cides with that of the positive anomaly and the axis of the 
negative anomaly Bipindi-Pouma, suggesting that these 
structures would have a common geological history. The 
decrease in the value of the gradient from west to east 
shows a slip of structures of the East below the structures 
of the West. This gradient is interpreted as the western 
boundary of the Congo Craton and thus corresponds to a 
suture zone. The location of this suture can be confined 
to the vicinity of two outcrops of carbonates and alkaline 
rocks deformed as described by [27]. Alongside this 
strong gradient, we observe another less dense gradient 
of the iso-anomalies west of the Ebolowa-Yaoundé 
stretch. This gradient reveals another line of weakness 
whose signature is not clearly visible due to the influence 
of surrounding structures. 

5.2. Horizontal Gradient and Maxima Map 

The horizontal derivative of both the x and y directions 
have been computed from the simple Bouguer anomaly 
grid. The horizontal gradient magnitude (HGM) has been 
computed as the square root of the sum of both the hori- 
zontal derivatives. The results are then contoured as 
shown in Figure 4. This figure highlights areas of hori- 
zontal gradients with varied amplitudes and shapes and 
dominated by NNE-SSW direction. One can easily dis- 
tinguished areas of gradients corresponding to structures 
of type contact/fault (area with strong gradient) and those 
corresponding to the presence of intrusive structures. The 
whole area is characterized by a strong gradient up to 2.3 
mGal / km. This strong gradient suggests that the region 
has historically been subjected to numerous landslides. 

Maxima map of the horizontal gradient of the Bouguer 
anomaly map upward continued to 4, 8, 12 and 16 km 
respectively (Figure 5) shows line contacts correspond-  
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Figure 4. Horizontal gradient map of simple Bouguer anomalies. 
 

 

ing to lineaments. The degree of importance (in depth) of 
a lineament is determined by the continued presence of 
the local maxima for increasingly high altitudes of up- 
ward continuation. Analysis of maxima of the horizontal 
gradient of the Bouguer anomaly map upward continued 
to 4, 8, 12 and 16 km respectively shows precisely the 
orientation of the dip of each lineament. The study area is 
characterized by the lineaments with vertical dip except 
the network of lineaments of Ambam and Edea-Nyete 
which dip northeast and southeast respectively. 

5.3. Depths from Euler Deconvolution 

The Euler method has been applied to the Bouguer 
anomaly maps using a moving window of 20 km × 20 
km. This was done on the study area using the standard 
Euler 3D method of the Geosoft package software. The 
system uses a least squares method to solve Euler’s 
equation simultaneously for each grid position within a 
window and then determines the anomaly position, depth, 
and base level for a specific gravity source. We have as- 

Figure 5. Maxima map of the horizontal gradient of the 
Bouguer anomaly map upward continued to 4, 8, 12 and 16 
km respectively. 
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signed several structural index values and found that for 
a structural index of N = 0.0, the extension of linear 
clustering of Euler solutions could be given as colour 
points (Figure 6). In addition, the Euler solution map 
reveals new deep contacts and clearly defines that the 
solution for depth ranges from 3 to 18 km. The depths of 
contacts in the area are not uniform suggesting that all 
lineaments do not have the same origin. These Euler 
depths seem to detect the edges of the geological forma- 
tions as well as fractures or fault patterns. 

5.4. Lineaments Map of the Studied Area  

The results obtained with the processing of gravity 
anomalies confirm and specify the layout of brittle struc- 
tures recognized by geological studies, and highlight new 
lineaments. Figure 7 illustrates the major boundaries 
between areas of high density contrast, which correspond 
to several unmapped lineaments. Lineaments on the hori- 
zontal gradient map upward continued to 4, 8, 12, and 16 
km altitude superimposed on the Euler solution map cor- 
respond to major features affecting the study area. It ap- 
pears from this study that most of these lineaments have 
a sub-vertical dip. 

Table 1 gives the orientation of the different lineament 
segments shown in the structural map of the study area 
(Figure 8). The major trends obtained from the analysis 
(Figure 9) are the N0-10˚E, N45-50˚E, N85-95˚E and 
N120-150˚E trends. There is a tendency for certain faults 
to turn toward NE-SW and ENE-WSW directions with 
increasing depth and lateral spread. This correlates with 
the direction of subduction of the Ntem complex cratonic 
plate under the Pan-African mobile belt. These major 
lineaments associated to faults in this study characterize 
the definite stability of the Congo-Craton and could be  
 

 

Figure 6. The Euler depths of the study area. 

 

Figure 7. Estimated locations of contacts according to the 
horizontal gradient coupled with upward continuation me- 
thod and Euler deconvolution method. 
 
Table 1. Orientation of different lineament segments (see 
Figure 8). 

N˚ Orientation N˚ Orientation N˚ Orientation 

1 N 34˚ E 12 N 74˚ E 23 N 84˚ E 

2 N 7˚ E 13 N 120˚ E 24 N 101˚ E 

3 N 54˚ E 14 N 88˚ E 25 N 148˚ E 

4 N 78˚ E 15 N 58˚ E 26 N 90˚ E 

5 N 96˚ E 16 N 147˚E 27 N 142˚ E 

6 N 38˚ E 17 N 127˚E 28 N 87˚ E 

7 N 93˚ E 18 N 114˚ E 29 N 94˚ E 

8 N 145˚ E 19 N 65˚ E 30 N 130˚ E 

9 N 44˚ E 20 N 0˚ E 31 N 25˚ E 

10 N 28˚ E 21 N 0˚ E 32 N 175˚ E 

11 N 51˚ E 22 N 159˚ E 33 N 140˚ E 

 
associated to the Eburnean orogeny. However, several 
faults inferred from Bouguer anomalies in the area turn 
to a NW-SE direction with depth and lateral spread, in- 
dicating a significant change in fault geometry. Rose 
diagrams shows in a precise way the principal direction 
of the lineaments in the region. 

6. Discussion 

This study area has in the past been the subject of many 
geophysical studies the most recent being those of [7,9]. 
Among the new results brought by these works are: 1) 
The discontinuities in the crust are essentially confined to 
the upper part of the crust down to 18 km. 2) Gravimet- 
ric lineaments suggest that the area has been subjected to 
an important regional field stress. The regional field 
stress associated with the predominant (Figure 9) trend- 
ing of gravity lineaments is in agreement with Eburnean  
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Figure 8. Gravity lineament map obtained for the study 
area superimposed on the horizontal gradient map. 
 

 

Figure 9. (a) Rose diagram of the major lineament orienta- 
tions; (b) Rose diagram of the minor lineament orientations; 
(c) Rose diagram of the general lineament orientations of 
the study area. 
 
orogeny trend [28] and would have played an essential 
role in the control of the geodynamic evolution of the 
region. This regional stress fields affected the Craton in 
southeast Cameroon and are responsible for the reorien- 
tation of the former structures [29]. The recent applica- 
tion of the multi-scale horizontal derivative of the verti- 
cal derivative method [30] on the gravity anomaly map 
over the Foumban Shear Zone (FSZ) revealed the pres- 
ence of a fault oriented N68˚E and dipping southeast. 
According to these authors, this fault is hidden by vol- 

canic formations, and is linked to the ENE-WSW trend- 
ing fault called Central African Shear Zone (CASZ), a 
dextral shear zone that extends some 2000 km in west 
Cameroon to Sudan [31,32]. It appears that, the network 
of faults identified in the study area, with a major trend 
WSW-ENE to NE-SW is also connected to the CASZ. 

7. Conclusion 

The Bouguer anomaly map obtained in the present study 
enabled us to locate the geophysical signature of the two 
structures present in the study area. These two structures 
are separated on gravity maps by gradients essentially 
oriented north-south and correlating with the assumed 
Kribi-Campo fault. The superimposition of horizontal 
gradient maxima from the Bouguer anomaly and from its 
upward continuation at several heights up to 16 km by 
steps of 4 km shows alignments outlining the contacts 
and gives information on their dip. The analysis of con- 
tacts interpreted as lineaments shows five main trends: 
N0-10˚E, N45-50˚E, N85-95˚E, N125-130˚E and N140- 
155˚E. Those interpreted as fault or major lineaments 
trend and those interpreted as minor lineaments show 
four trends: N0-10˚E, N85-95˚E, N125-130˚E and N140- 
155˚E. Euler deconvolution was used to determine 
source depths and their location. Solutions are well 
grouped and correlate with various contacts previously 
inferred from horizontal gradient maxima. The interpre- 
tation of the lineament map derived from the analysis of 
Euler solutions and horizontal gradient coupled with the 
upward continuation could serve as a guide in the inves- 
tigation and exploitation of thermo mineral sources and 
groundwater aquifers in the study area, facilitating the 
location of points favourable to their existence. These re- 
sults could also serve as a guide in the identification of 
risk areas. 
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