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Introduction
Chad corresponds to the mobile zone formed during the Pan-

African orogenesis that occurred at Proterozoic between 830 and 
665Ma [1]. This mobile zone is bounded to the south by the Congo 
Craton, to the West by the West African Craton and to the North-
East by the metacraton of the Sahara. It appears that the whole of the 
Precambrian formations were marked by a strong imprint during the 
Pan-African events. 

These Precambrian formations identified in Chad are distributed 
between the Tibesti massifs in the north, Ouaddaï in the east, Yadé 
(Mbaibokoum) in the south and the Mayo-kebbi in the South-west. 
They cover 15 to 20% of the surface of the national territory [2].

The secondary formations appear in the Erdis basin (Cretaceous 
Nubian sandstone) and the Mayo-Kebbi (Lower Cretaceous and 
Middle Cretaceous) basin. They also constitute the filling of several 
pits in Southern Chad (Lake Chad, Bousso, Doba, Salamat). They are 
sandstones of the intercalary continental and those of the Cretaceous 
with lagoon and marine features. The Pala- Lame basin located in 
Mayo-Kebbi, in the Southwest of Chad near the border with Cameroon, 
is part of the Yadé massif, a large outcrop of the Precambrian basement 
which extends to Cameroon, the Republic of Central Africa, Congo and 
Gabon, and includes the Congo Craton [3].

The region consists essentially of a large granite batholith (Mayo-
Kebbi batholith), containing septa of metamorphites and two strips of 
volcano-sedimentary metamorphic epikeal formations similar to the 
greenstone belts [3,4]. The whole is intersected by a series of intrusive 
and vein rocks, ranging from alkaline granite to ultrabasic rocks.

Although the results of the various works cited above provided 
useful information over the study area, none of them proposed the 
cartography of the lineaments therein in a precise way. The latter is 
the objective of the present study. The Bouguer anomaly map of the 
study area has strong contrasts (gradients) that indicate discontinuities 
such as faults and flexures. In order to study these discontinuities, 
we conducted an analysis based on the horizontal gradient of the 
vertical derivative coupled with upward continuation and Euler’s de-
convolution. These approaches that have been successfully used in 
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detailed studies, for example, [5-7] which have led to the delineation 
of the major geological structures and the mapping out of the different 
tectonic lineaments that affect the study area located between parallels 
8° and 10° and the meridians 14° and 17° (Figure 1).

Geological Setting
Geological formations in South-Western of Chad are a prolongation 

of the massif of Central Chad towards the South-West [8,9]. The Mayo-
Kebbi region is made up of Neoproterozoic formations (amphibolo-
gneissics andthe Zalbi, Gouyegoudoum and Gong Djalingo series) and 
cover formations [10].

This massif is essentially made up with the major granitic batholith 
(the Mayo-Kebbi batholith), which contains septas, metamorphites 
and two hands of epimetamorphites and two bands of epitamorphites 
and two bands of epi-metamorphic volcano-sedimentary formation, 
analogous to belts of green rocks (the belts of Pala and Léré). A series 
of intrusive and vein rocks, ranging from alkaline granite to ultrabasic 
rocks, serve as intersections throughout the entire structure.

 Secondary formations are represented in the region by lower 
Cretaceous with Wealdian features (the Léré series) and middle 
Cretaceous which is continental, with marine and lagoon intercalation 
(the Lame series) [11,12]. These were deposited during the cretaceous 
transgression which came from Cameroon and Nigeria through the 
Benue trough.

The ditches found in Southern Chad are grabens arranged in 
strings with a WSW-ENE alignment, which cut across the entire South 
of Chad and continue westwards to Cameroon, (the Mbéré ditch), the 
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sediments of the Chadian basin. The faults thus belong to the Jurassic 
or to the lower Cretaceous. The principal directions are NE-SW, E-W 
(boundary faults of the Léré basin) and NE-SW (boundary faults of the 
Mayo-Kebbi flow, east of Fianga) [10].

The Lame series is the less pleated than that of Léré, however, dips 
greater than 15° were observed at Baoré during a search for chalk. 
The dip is partly syn-sedimentary and partly post-turonian and ante-
Oligocene, given that the formations of the continental terminal which 
are attributed to the Oligocene-Miocene, are only slightly (or not at 
all) affected by tectonic movement. The abovementioned volcanic 
phenomena are probably of the same age: syn-sedimentary, post-
sedimentary and post-turonian. Some K/Ar analyses which have been 
previously carried out have yielded results which are spread between 45 
and 85 Ma [3]. 

Data and Methods 
Data 

The gravity data used for this study were acquired during the 
gravity reconnaissance campaigns carried out by ORSTOM (Office 
de la Recherche Scientifique et Technique d’Outre-Mer) between the 
years 1960 and 1968. Measurements were taken every 4 km along the 
profiles in order to detect significant variations of geological features. 
The density of the data is about 220 stations per square degree and the 
localization of stations was done by means of topographical maps. 

The elevation of stations was obtained with barometric records 

Republic of Central Africa and eastwards to Sudan (the Birao and the 
Magara ditches) [13,14]. The lineaments on which they lie are probably 
those of the Panafrican base age (Adamawa lineaments). The Doba 
ditch, aligned in a WNW-ESE direction, is separated from the others 
by a high base zone along the Bogorop fault. The ditch of Bousso (or 
Bongor) is parallel to that of Doba and is situated to the north of the 
latter. These trenches were formed by a polyphase rifting linked to 
the separation of the crustal blocks of the African Cretaceous (130-98 
Ma). They contain up to 7500 meters of deposits, essentially clastics, 
terrestrials of the cretaceous age, deposited on the Precambrian base 
with a covering of recent Miocenes. The Post-Cretaceous subsidence 
contributed in shaping the geometry of these basins. The mother-rocks 
are lacustrian shales of the inferior Cretaceous while the reservoirs are 
in the lower and upper Cretaceous [15].

In the Fianga and Laï regions, the geological formations are mainly 
sedimentary [16]. We however note the presence of the basement to the 
west of Fianga. Residual tables and shells of sandstone are located in 
the southern regions of Moundou and Mbaïbokoum. The formation of 
Kélo is attributed to Maastrichtien (sands of Kélo) which, over the first 
one hundred meters, alternates between white sand and grey or ochre 
clay with a continental, fluvial or lacustrian origin.

From a tectonic viewpoint, the formations are heavily pleated. 
The general directions are Northeast with significant dips, although 
horizontal movements lead to changes in direction (outcrops of the 
marbles of Teubara). The brittle tectonics is mainly made manifest 
by fractures which border the Precambrian against the Cretaceous 

Figure1: Geological map of the study area ([16] modified).
1: Quaternary; 2: Continental terminal (paleogene-neogene); 3: Crystalline base; 4: Middle Cretaceous (Lamé series); 5: Upper Cretaceous (sandstones of Garoua); 
6: Migmatites; 7: Post-tectonic intrusive rocks; 8: Gneiss-amphibolites; 9: Schist; 10: Lower Cretaceous (Léré series); 11: stream; 12: fault; 13: National boundaries.
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using the Wallace and Tiernan (or Thomnen) altimeters (type 3B4). 
The error margin on the position of stations around 200 m while the 
error on the altitude of the stations is about 10 m for the profiles located 
furthest away from the geodesic references. Practically however, it is 
less than 5 m. The variations of the gravitational field were measured 
using Worden (n°313, 600, 69 and 135), Lacoste and Rombert (model 
G, no. 471 and 828) and North American gravimeters. The accuracy on 
the values of the gravitational field is of the order of 0.2 mGal. The value 
of gravity at each station was corrected using the lunar-solar tide and 
the instrumental drift (correction density: 2.67 g/cm3). 

To carry out the processing at different levels, the Bouguer 
anomalies of the study area were interpolated by kriging on a regular 
scale with a square mesh of side 2 km. 

Methods 

Multi-scale study of gradient maxima: In this study, we used the 
multi-scale gradient analysis and Euler’s de-convolution in order to 
identify the faults, their dip and their depth. [17,18] highlighted the 
usefulness of the maxima of the horizontal gradients of the gravity 
anomalies in the localization of zones which show abrupt density 
variations, which are interpreted either as faults or geological contacts, 
or as intrusive formations.

A quasi-linear disposition of several maxima corresponds to 
faults while a quasi-circular disposition shows the horizontal limits of 
intrusive bodies.

The multi-scale study of the horizontal gradient is a method which 
consists in coupling the horizontal gradient to the upward continuation 
at the different heights with the aim of characterizing the importance 
and the lateral extension of the structures responsible for anomalies and 
to determine the direction of dip of the localized contacts and faults.

On the other hand, a displacement of the maxima with upward 
prolongation indicates the direction of dip, but these maxima remain 
directly above the sub-vertical contacts [19]. Showed that on bringing 
several sources together, the superposition of their gravity effects on 
the Bouguer anomalies map and the horizontal gradient results in the 
delocalization of horizontal gradient maxima. These maxima will no 
longer be directly above the abrupt density contacts. This delocalization 
is further reinforced by the upward extension operations which 
generally smooth the iso-anomaly maps. 

To reduce the effect of delocalization of the maxima, we made use 
of the vertical gradient maps which are quite able to minimize the effect 
of the interference of the gravity signatures of the sources [6,20,21].

Determination of the optimal altitude of the upward 
continuation of the gravity field and the depth of investigation: The 
upward continuation, which is a powerful low-pass filter, is equally 
used to determine the regional anomaly. However, this method equally 
has a shortcoming which stems from the difficulty to determine the 
appropriate extension in order to have the best approach for the said 
regional anomaly [22]. 

Indeed, [23] proposed a method of determining the optimal height 
for the upward continuation of the gravimetric field h0. It consists of 
determining the altitude of the upward continuation of the Bouguer 
where the curve of correlation between the extended fields of the 
successive altitudes shows a maximum deflection. The process of data 
treatment in order to determine this altitude in our study area consists 
of: Carrying out several upward extensions to altitudes ranging from 5 
to 125 km of the Bouguer anomaly map in 5 km intervals, then, using 

the relation (1) proposed by [24], calculate the correlation factors 
between the extended fields at two successive altitudes (g1 and g2). 
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where M and N are the numbers of data in the x and y directions 
respectively. Further, draw the graph showing the variation of the 
correlation factor as a function of the upward continuation altitude 
while matching each correlation factor to the lowest altitude, then draw 
the curve which gives the variation of the deflection C as a function 
of the upward continuation altitude. It has a maximum at the altitude 
h0, corresponding to the optimal altitude of upward continuation of 
the Bouguer in the region. As such, the upward of the Bouguer to the 
altitude h0 serves to eliminate the gravity related effect of the sources 
located beyond the altitude h0/2 which is the depth whose anomalies 
constitute a residual field [25].

We applied this method to our study are in order to determine the 
optimal extension altitude of the gravity field and the limiting depth 
of study. It is worthwhile to note that [21,22,24] successfully used this 
method in their respective study areas.

Knowing that the Bouguer anomaly map results from the 
superposition of the effects of the regional geological structures and 
slightly extended local structures, it is thus necessary to separate the 
regional and the residual components [26,27].

The obtained optimal altitude of the upward continuation of the 
gravity field, h0, effectively helps in the choice of the degree of the 
polynomial which should represent the regional anomaly and set 
the residual, while carrying out the polynomial smoothing using the 
method of least squares [22]. This method consists of performing a 
polynomial smoothing using surfaces of degree d, which vary from 1 
to 10 and then applying it to the anomalies obtained from the upward 
continuation of the Bouguer at the altitude h0. The appropriate degree of 
the regional polynomial is estimated from the point of discontinuity on 
the graph of the variance as a function of the degree of the polynomial.

Horizontal gradient of the vertical derivative: The horizontal 
gradient of the vertical derivative of the field at a given height h is 
calculated in the space domain by relation (2).
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Where DVg is the vertical derivative at altitude h of the gravity 
field g as defined in relation (3), calculated in the space domain by the 
method of finite differences proposed by [27]. This operation enables 
to amplify the noise generated by data errors at the expense of the real 
signal as is the case where the calculation of the vertical derivative is 
done in the frequency domain [28]. The strength of this method lies 
in the fact that it uses upward continuation, is a stable filter which 
smoothes noise and enables the calculation of the vertical derivative at 
different altitudes [21]. Its expression is: 
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where up
hg  is the upward continuation of the field at the altitude h and 

up
h hg +∆ is the upward continuation at a slightly higher altitude h h+ ∆  
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Results and Interpretation
Analysis of gravity data 

The Bouguer anomaly map: The processed data enabled the 
establishment of the Bouguer anomaly map (Figure 2) which shows 
anomalies stretched out in the major directions NNE-SSW to WNW-
ESE and a secondary direction NE-SW. Zones of heavy anomaly are 
observed on one hand, with anomalies which are greater than the 
average of - 45 mGals, while on the other hand, there are zones of 
slight anomalies, where the values of the latter are less than the average. 
These domains are sometimes separated from the former by more or 
less significant horizontal gradients characterized by contracted iso-
anomaly lines. We particularly note that the Northwest-Northeast part 
of the map, which goes from Léré through Pala, Lame, Gounou-gaya 
and Djogdo to Guidar is centered on a heavy zone characterized by 
anomalies greater than - 45 mGals. The general orientation of the iso-
anomalies of this region coincides with geological structures of the 
crystalline base, post-tectonic intrusive rocks, gneiss-amphibolites, 
schist, and formations of the Quaternary and the Continental terminal. 
Similarly, the towns of Beinamar, Tcholire and Bedia are dominated 
by heavy anomalies with direction WNW-ESE, N-S and ENE-WSW, 
and coincide with the formations of the Continental terminal, schist 
and the crystalline base. The town of Doba is situated on a big panel 
of light anomalies with minima reaching - 85 mGals. This band, with 
orientation ENE-WSW covers the northern part of Bedia, the eastern 
part of Beinamar and extends up to Lame towards the West, passing 
through Krimkrim. This vast area coincides with the sedimentary 
formations of the Continental terminal, the Quaternary and the Middle 
Cretaceous of the Lame series. 

with 0.1 0.01h≤ ∆ ≤  as sampling step for the extension altitudes. 
It should be noted that the vertical derivative given by (3) should be 
referred to the altitude / 2h h+ ∆ , but that h∆  is smaller than h, this 
vertical derivative can be made to correspond to the extension altitude 
h [21,26]. 

The positions of the local maxima of the horizontal derivative are 
determined by the method of [29].

Euler’s de-convolution:  Thompson [30] developed a method 
based on the properties of the functions which govern potential fields. 
He noticed that these functions generally fulfill the criteria of Euler’s 
homogeneity equation. [31] Generalized this technique to include the 
case of maps.

This method enables the precise localization of the sources of 
anomalies in the horizontal plane as well as the estimation of their 
depths. Euler’s equation is then written in the following form:

0 0 0( ) ( ) ( ) (x, y)g g gx x y y z z NT
x y z
∂ ∂ ∂

− + − + − = −
∂ ∂ ∂

                    (4)

Where (x0, y0, z0)  are the coordinates of a gravity source, g is the 
intensity of the field measured at (x, y, z). N is the structural index 
which is linked to the geometry of the source [30,31] indicate that the 
choice of the structural index seems very important: for a number of 
considered structures, they established a structural index (N) which 
can take values ranging from 0 to 3. As such, they consider that the 
index N=1 is best suited for thin veins, dykes and faults with a small 
vertical rejection, the index N=0 for faults with significant rejection, 
and the index N=0.5 for intermediate cases.

Figure 2: Bouguer anomaly maps. 
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These anomalies, sometimes separated from the former by more 
or less significant horizontal gradients, indicate the presence of density 
discontinuities such as faults and the limits of intrusive bodies in the 
subsoil.

Residual anomalies: Residual anomalies (Figure 3) are obtained 
upon the subtraction of the regional anomaly from the Bouguer 
anomaly. They mainly represent the density variations in the upper 
crust, comprising of the variations of the thickness and density of 
sedimentary rocks which lie on the base rocks, but also the density 
contrasts induced by intrusive bodies. This map (Figure 3) highlights 
several positive and negative anomalies, which enables to efficiently 
correlate them with known geological structures. The positive anomalies 
located at the west of Léré (P1), to the east of Lame (P2), between Pala 
and Guidar (P3,P4,P5) and the Beinamar–Bedia axis (P6,P7) could be due 
to rising of the basis. The positive anomalies of Tcholire (P8,P9) could 
be due to the intrusion of magmatic rocks in the subsoil. The principal 
negative anomalies are seen to occur in western part of the map, in the 
North and in the Southeast. A comparison of the geological map to 
the residual map shows that the negative anomalies (N1, N2, N3, N4, N5, 
N8, N9, N10, N11, N12, N13 and N14) can be associated with sediments of 
Cretaceous basins which brought about the filling of the ditches in the 
South of Chad and the Nord of Cameroon.

Results of the multi-scale analysis of the gradient maxima

The vertical gradient map: The vertical gradient map (Figure 4) of 
the study area shows zones of positive gradient which stand out clearly 
from zones of negative gradient. Devoid of regional features, they also 
show a lateral separation of anomalies and an amplification of the gravity 
effect of superficial density contrasts to detriment of deep contrasts. The 
anomalies of Léré, Pala, Lame and the South of Djogdo stand out and 

are characterized by a positive gradient which locally reaches up to 2 
mGal/km. The dispersions of these anomalies are in agreement with the 
dispersions of the geological distributions of the Precambrian which 
confirms the rising of the base. Similarly, the anomalies of Tcholire, 
Beinamar and the South of Bedia are characterized by a positive 
gradient reaching 1.8 mGal/km. The sedimentary basins of Pala, Doba 
and Bedia are characterized by a negative gradient reaching down to 
-2.3 mGal/km. 

Analysis of the choice of optimalaltitude of upward continuation 
of the gravimetric field and depth of investigation for this study: 
With the aim of determining the depth of study, we used the upward 
continuation which is a powerful low-pass filter in order to first 
evaluate the optimal continuation altitude for the gravity field in the 
region (Figure 5).

Figure 5a shows the variation of the correlation factor as a function 
of the continuation altitude. It shows an increasing curve whose gradient 
however decreases as the continuation altitude increases. At a certain 
continuation altitude, there is a maximal deflection (denoted C on 
Figure 5b) determined by the gap between the curve of the correlation 
factor and the line joining the two extremity of the curve. We calculated 
the deflection C at several continuation altitudes of the Bouguer and 
drew the curve which gives the variation of C as a function of the 
continuation altitude (Figure 5b). This curve reaches a maximum at the 
altitude h0 = 25 km, corresponding to the optimal upward continuation 
altitude. At this altitude, the gravity related effect of the sources found 
beyond the depth h0/2 = 12,5 km, which is the limiting depth of study. 

The polynomial smoothing with surfaces of degree d varying from 1 
to 10, applied to the anomalies resulting from the upward continuation 
of the Bouguer to 25 km enabled to set the appropriate degree of 

Figure 3: Third-order residual anomaly maps.
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the regional polynomial. The optimum degree of the polynomial 
representing the anomalies resulting from upward continuation at 
25 km is 3 (Figure 6). The polynomial of degree 3 was thus used to 
carry out the smoothing of the Bouguer anomaly map with the aim of 
extracting the regional trends which would be linked to the undulations 
of Moho’s discontinuity. 

Consequently, in our study area, the residual gravimetric anomalies 
of degree n=3 highlights the gravity related effect of the structures 
situated at a depth less than 12.5 km (Figure 3).

Analysis of the results of the horizontal gradient of the vertical 
derivative coupled to the upward continuation:  The map of the 
maxima of the horizontal gradient of the field derived follwing the 
vertical at different altitudes clearly highlights the different structural 
features present in the area of study, be they faults or intrusive structures. 

The superposition of the local maxima of the horizontal gradient 

Figure 4: Vertical gradient map. 
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Figure 7: Localization of the horizontal gradient maxima of the upward extension of the vertical gradient, respectively at 5, 10, 15, 20 and 25 km.

determined from the vertical derivative of the upward continuation of 
the Bouguer anomalies at different altitudes of 5,10,15,20 and 25 km 
enabled the drawing up of the map of (Figure 7). This map highlights 
the quasi-linear structures numbered 1 to 26, what can describe the 
quasi-circular faults or contacts. The quasi-circular contacts numbered 
A to E could correspond to the horizontal limits of intrusive bodies.

The directions of the quasi-linear contacts are WNW-ESE for (3), 
(4), (5), (6), (7), (9), (22), (24), (25), (27) ; ENE-WSW for (14), (18), 
(19), (30) ; NW-SE for (15), (16), (17), (20) ; NNE-SSW for (2), (8), (26); 
E-W for (21), (23) and N-S for (1), (13), (11). Basing the estimation of 
the limiting value of the depth of the roof of the anomaly source with 
respect to the height of continuation, the black maxima show that the 
effects of the sources situated above a depth of 2.5 km are eliminated. 

This depth becomes 5 km for the green maxima, 7.5 km for the blue 
maxima, 10 km for the purple maxima and 12.5 km for the red maxima. 
This enables us to understand that the presence of black, green, blue, 
purple and red maxima on the same contact (Figure 7) shows that the 
depth is greater than 12.5 km. Similarly, the presence of black, green, 
blue and purple maxima on the same contact in the absence of red is an 
indication that the depth is situated between 7.5 and 10 km and lastly, 
the presence of black maxima on a contact in the absence of other 
maxima shows that the structure is most likely situated between 2.5 and 
5 km. 

On Figure 7, the presence of black, green, blue, purple and red 
maxima on the quasi-circular contacts A and D shows that the depth 
is greater than 12.5 km. The presence of black, green, blue and purple 
maxima on the contours C and E suggest that the depth is not uniform 
and is situated between 10 and 12.5 km. The absence of red, purple and 

blue on the contour B indicates that the depth would most likely be 
found between 2.5 and 5 km.

Contribution of Euler’s de-convolution: Euler’s de-convolution 
is applied on the Bouguer anomaly for the structural index SI=0.5, 
window W=10 × 10 and tolerance T=15% are represented in (Figure 
8) with the aim of determining faults and to estimate the average depth 
of their roofs. Their alignment also shows the contacts obtained by the 
superposition of the maxima of the horizontal gradient of the vertical 
derivative of the new faults. The deepest accidents have as principal 
directions NE-SW to ENE-WSW and NW-SE, while their depths can 
range from 5 to 9.2 km. The NE-SW accident, situated to the North of 
Tcholire, which is absent on the superposition map of the maxima, is 
quite visible. 

This accident is the continuation of one of the tectonic structures 
associated with the Adamawa plateau. 

In addition to the linear contacts, Euler’s de-convolution map helped 
to clarify and precise several geological contours with irregular depths. 
The network of contacts or superficial faults with depths varying from 
2 to 4 km is quasi-present. These results approach the lineaments depth 
obtained by the upward continuation which vary from 2.5 to 12.5 km.

Structural map

The maps of the local maxima of the horizontal gradient of the 
vertical derivative calculated at different altitudes and Euler’s de-
convolution (Figures 7 and 8) enabled a structural map to be drawn 
(Figure 9), showing a good complementary relationship between the 
inferred faults. As such, four groups of faults were highlighted: N-S, 
NW-SE, E-W, NNE-SSW and SSE-NNW.
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Figure 9: Interpretative structural map. 1: Newly identified faults or fractures; 2: Known faults; 3: Intrusive bodies; 4: Direction of dip.

Figure 8: Map of Euler’s solutions (IS = 0.5, T = 15% and W = 10 x 10).
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With the above, we were able to confirm several faults which were 
either observed or presumed by earlier studies and highlight a good 
number of deep or superficial accidents which were hitherto unknown. 
As such, lineaments which subsist on the map of the horizontal gradient 
of the vertical derivative upwards continued to an altitude of 25 km 
corresponding to the major accidents affecting the study area.

In the Western part of the map, the brittle tectonic is made evident 
by fractures which border the Precambrian base from the Cretaceous 
sediments. The faults F1, F2, F3, F4, F5, F6, F7, F8, F9, F24 and F25 with 
directions N-S, NNE-SSE, WNW-ESE and E-W are mostly located on 
the Precambrian base and denote the contact between the base and the 
formations of the middle Cretaceous, those of the upper Cretaceous 
and those of the Precambrian. These faults have depths varying from 5 
to 12.5 km and a NE, SW, NW vertical and sub-vertical dip. 

The faults F11, F12, F13, F15, F17, F19, F20, F21 and F27 which 
appear in the Southern part of Beinamar and continue to the center of 
the study zone have as directions N-S, NW-SE, E-W and ENE-WSW 
and are centered on the Continental terminal, while others mark the 
contact zones between the Continental terminal, the Quaternary and 
the base. They have depths varying from 2.5 to 7.5 km. The faults F11, 
F12, F13, F19 and F20 have a vertical dip, F15 and F17 have a SW dip 
and F27 has an E-W dip.

The fault F14, with a depth of 12.5 km, a NW dip and direction ENE-
WSW runs across the Continental terminal right to the Quaternary. 
This fault clearly adopts the major tectonic direction in Cameroon, a 
direction which is marked by a series of faults, particularly the major 
fault at Mbéré. In Cameroon, this fault is marked by basaltic intrusions.

The faults F28 and F30 with a NE vertical dip have the respective 
directions WNW-ESE and ENE-WSW, with depths varying from 5 to 
12.5 km, while the flexures F27 and F29 do not have uniform roofs. 
These four accidents are centered on the Quaternary. There are six 
intrusive bodies, denoted A, B, C, D, E and F. Body A, located around 
the town of Lame could be an intrusion of heavy rock, probably granite-

gneissic into the sediment of the middle Cretaceous in the Lame series 
and is bounded to the West by the fault F4. Body B which shallower, 
lies on the known fault F23. Bodies C and D, located respectively in 
the western part of Pala and Gounou-gaya, confirm the fact that the 
batholiths of Mayo-Kebbi are a syn- or late-tectonic intrusion.

The principal directions of the identified lineaments are given in 
Table 1. The rose window of the directions (Figure 10) highlights a 
predominant direction: that consisting of the major direction NNE-
SSW and the secondary directions E-W and WNW-WSE. 

Discussion 
With the processing of gravity data, this work has enabled to 

highlight now elements and thus, to improve our knowledge of the 
geological stuctures of the region. The discontinuities in the crust are 
essentially confined in the upper crust, up to 12.5 km.

The positive gravity anomaly seen in the the North of the Bouguer 
anomaly map and the residual map, coincides with the extension of 
the shearing zone in Tcholliré-Banyo, it agrees with the result which 
suggested it as a potential stitch zone between the Adamawa Yadé 
domain and the massif of the Mayo-Kebbi region [32,33]. The Talschists 
of the rocky belts of the Mayo-Kebbi region are associated to a peroditic 
type of protolith are aligned on on the prolongation of this anomaly. 
This observation agrees with the viewpoint of [23], according to which 
the positive Bouguer anomaly seen in this stitch zone corresponds to a 
closure of the oceanic basic in the Neoproterozoic. 

The Westward opening of the Doba basin, marked by an anomaly 
of de -50 mGals right to the Lame basin observed on the Bouguer map 
(Figure 2) enables the establishment of a link between these two basins. 
This observation comes to confirm the idea according to which, during 
the Cretaceous, a connection existed between the Doba basin and and 
the Golf of the Benue through the Pala- Lame channel, which enabled 
the sedimentary filling of these basins [15,23].

The gravimetric lineaments suggest that the zone was subjected to a 
high pressure on the regional scale. This regional pressure, related to the 
major direction (Figure 10) of the gravity lineaments, is in line with the 
Panafrican faults which are similar to those observed at the edge of the 
West African crater and which are said to have played an essential role 
in controling the geodynamic evolution of the region région [34-36]. 
The tectonic evolution of this region leads to the understanding that the 
Precambrian was marked by the putting in place of great fractures which 
is the result of a compressive tectonic corresponding to the Panafrican 

Figure 10: Rose window of the directions of fracture deduced from the gravity 
anomalies. 

Nº Orientation Direction of dip  Nº Orientation Direction of dip
F1 N0ºE Vertical F15 N135ºE Vertical
F2 N22ºE Vertical F16 N135ºE Vertical
F3 N112ºE Vertical F17 N50ºE Vertical
F4 N112ºE Vertical F18 N67ºE Vertical
F5 N112ºE Vertical F19 N157ºE Vertical
F6 N112ºE SW F20 N95ºE Vertical
F7 N112ºE Vertical F21 N112ºE Vertical
F8 N157ºE Vertical F22 N90ºE Vertical
F9 N112ºE NE F23 N112ºE Vertical

F10 N112ºE Vertical F24 N112ºE SW
F11 N0ºE Vertical F25 N150ºE Vertical
F12 N0ºE Vertical F26 N112ºE Vertical
F13 N65ºE Vertical F27 N67ºE Vertical
F14 N135ºE NW F28 N40ºE NE

Table 1: Orientation of various  linéaments.
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orogenic. The period of fracture brought about belts of weakness on 
which dislocations occurred at the beginning of the Cretaceous and in 
turn, brought aboutthe formations of the basins of southern Chad. 

Since the whole region contains a variety of rocks of different ages, 
it is not surprising that network of faults should be linked to different 
phases of tectonic activity [37]. The Cretaceous lineaments border 
the semi-grabens of the Cretaceous basins and are in agreement with 
the Guineo-Nubian lineaments which played several roles in different 
manners in the Cretaceous according to [38-40]. 

The analysis of maxima for investigation depth of the optimale 
upward continuation h0 of Bouguer map help us to determinate the 
lineament depths of structurales map. These depths varies from 2.5 to 
12.5 km and corrobore with Euler’solution whose depths giving varies 
from 2 to 9.2 km.

These highlighted lineaments will constitute a very important guide 
for the search of layers of underground water and mineral resources. 

Conclusion 
This work, based on the analysis of gravity data, enabled the 

highlighting of various geological structures present in the region, 
which sometimes are partially or completely masked by the 
sedimentary cover. The Bouguer anomaly maps establisehed here show 
the close connection, on one hand, between the positive anomalies 
and the rising of the base and also with magmatic structures, and on 
the other hand, between negative anomalies and basins. The principal 
directions are NNE-SSW, WNW-ESE and NW-SE. The superposition 
of the maxima of the horizontal gradient of the vertical derivative 
extended upwards to several altitudes up to 25 km in steps of 5 km, 
shows alignments which describe the contacts and provide information 
on their depths, of which the eepest one is estimated at 12.5 km with 
a strong dip. The structural map was drawn, it confirms the existence 
of four groups of faults with directions N-S, NE-SW, ENE-WSW and 
WNW-ESE at NNW-SSE which can generally be correlated with the 
Panafrican domain. The shear zone of Chad and certain faults would 
correspond to the boundary faults of the ditches of Southern Chad 
with Continento-Quaternary filling. Euler’s de-convolution was used to 
determine the depths of the sources and their locations. The solutions 
are well grouped and are in correlation with several contacts previously 
deduced from the maxima of the horizontal gradient and their depths 
vary from 2.6 to 12 km. Lastly, the established structural map constitutes 
a reference document which could help in the choice of exploration 
sites for underground water layers and mineral resources,and also for 
the evaluation of natural risks.
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