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Abstract

The coastal and intracontinental sedimentary basins of Cameroon owe their
origins to the opening of the South Atlantic. Among these sedimentary ba-
sins, we can mention those of Mamfe, Douala and Rio Del Rey, which are the
subject of our current study. These were formed following geodynamic
processes between the periods from the lower Cretaceous to the Neogene.
These processes have significantly affected the basement of these basins leav-
ing as consequences of multiple faults which would in their turn favor a rise
of the magma towards the surface which then cooled to give birth to the vol-
canic rocks which exist there today. A study of the impact of the opening of
the South Atlantic on the tectonics of these basins will be made from a geo-
dynamic approach, relying in the first time on a qualitative and quantitative
analysis of the anomaly map of the total magnetic intensity field reduced to
the pole of each basin, then in a second time on the interpretation of the 2D
geological models realized on a profile chosen on the anomaly map of the to-
tal magnetic intensity field reduced to the pole of each basin. At the end of
this study, we will show that the opening of the South Atlantic has similarly
impacted the structure of the three basins and the results of the spectral anal-
ysis show that the oceanic crust is thinner than the continental crust.
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1. Introduction

The history of Cameroonian sedimentary basins and the evolution of their tec-
tonics begin in the early Cretaceous with the break of the Pangea. From then on,
following convective movements in the Earth’s mantle, Earth’s tectonics has
evolved considerably to the formation of the seven plates and multiple islands
that we know today. Another closely related phenomenon is the opening of the
South Atlantic, whose evolution over time would have given rise to the Mamfe,
Douala and Rio Del Rey sedimentary basins. Three tectonic phases contribute to
the setting up of these basins, namely an initial rifting phase that generates ex-
tensive faults affecting the basement, followed by a drift phase that introduces
growth faults and a rise of the mantle, and finally a compression phase setting up
volcanic rocks. The filling of each of these basins begins in the lower Cretaceous
with the intrusion of marine waters, followed by the formation of volcanic rocks
formed following the great tectonic activity that accompanied their formation.

Several geological and geophysical studies have been carried out in these ba-
sins. The geological work focused on petrology and the stratigraphic and struc-
tural recognition of basins and included the works of Le Fur [1], Belmonte [2],
Salard-Cheboldaeft ([3]-[8]), Njonfang [9], Regnoult [10], Pauken et al [11],
Coughlin et al [12], Schiefelbein et al [13], Hell et al[14], Eseme [15], Eyong
[16] , Njiké Ngaha [17], Sa’a [18], Kenfack et al [19]. The geophysical works
carried out in these basins aimed at the structural study and the realization of
the anomaly and geological maps from the gravity, electrical, aeromagnetic and
magnetotelluric data. These include those of Dumort [20], Collignon [21], Pet-
ters et al [22], Fairhead et al [23], Manguéllé-Dicoum et al [24], Poudjom
Djomani et al [25], Benkhellil et al [26], Ndougsa Mbarga [27], Nouayou [28],
Brownfield and Charpentier [29], Nvondo Owono [30], Nguimbous et al. [31],
Ndikum et al [32], Koum et al [33], Nzeuga et al ([34], [35], [36]).

The goal of our work is to do a qualitative and quantitative study of the map
of total magnetic intensity field reduced to the pole of each basin and use the re-
sults of the structural study carried out by Nzeuga et al. ([34], [35], [36]) for a
geodynamics study of basement of Mamfe, Douala and Rio Del Rey sedimentary
basins. All this allowed us to notice that during the opening of the South Atlan-
tic, the basement of the three basins fractured in the same way along a major axis
parallel to the axis of Center Cameroon Shear and that the tectonics activity was
denser in the Mamfe sedimentary basin. These results also show that the oceanic
crust is thinner than the continental crust and would contribute in a particular

way to a thorough petrological investigation in these basins.

2. Geographical Setting

The Mamfe sedimentary basin is an elongated west north west-east south east
trench that extends from Nigeria at its junction with the Benue Trough oriented
north east-south west to the confines of the Cross-River in Cameroon where it is

narrowing and ends under the Cameroon volcanic line (Figure 1). This region is
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Figure 1. Location map of the Mamfe sedimentary basin [38].

located between latitudes 5.30° and 6°N and longitudes 8.50°E and 9.50°E. It is a
plain which has undergone a slight bearing [20]. Following this bearing, erosion
resumed leading to the establishment of a recessed relief. This low relief is li-
mited to the South by an east-west oriented mountain range which culminates at
the Roumpi mount of altitude 1764 m. In the East, it is bounded by a segment of
the Cameroon volcanic line, in the North by the Bamenda Massif, and finally, in
the West, by the prolongation of the depression in the Benue tectonic trench in
Nigeria [37]. At the extreme south-east of the basin, the Nda Ali massif culmi-
nates at 1260 m, more than 1100 m above the Mamfé sandstone [9].

In general, the Mamfe Basin as a whole has the shape of a west-east indenta-
tion in glove finger curved towards the south at its eastern end [18].

The Douala sedimentary basin is a mangrove sedimentary plain with a rela-
tively flat relief of very low altitude ranging from 0 to 50 m and very rarely up to
80 m [39]. It is located between latitudes 4°00' and 4°06'N and longitudes 9°40'
and 10°00'E (Figure 2). The presence of numerous rivers and marshes gives the
only relief of the region. This relief constitutes a stabilizing element of the coast,

forming a barrier against the advancement of the seafront (coastal erosion) and
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Figure 2. Location map of Douala and Rio Del Rey sedimentary basins [40].

constitutes an enormous potential in terms of woody and aquatic resources and
species of marine animals.

The Rio Del Rey Basin is located on the West African margin and belongs to
the Tertiary basins series of Guinea Gulf (Figure 2). It is located in the
south-west Cameroon region, between latitudes 4°N and 5°N, and longitudes
8.5°E and 9.3°E and is particularly framed by the Cameroon volcanic line in the
East and by the Atlantic Ocean in the Southwest. It is a mangrove zone belong-
ing to the coastal domain, consisting of long benches of solid ground a few me-

ters high, on which rests a forest vegetation.

3. Geological Setting

The Mamfe basin, which is the southernmost bifurcation of the lower Benue
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trough, is intimately linked to it in terms of genesis and stratigraphy. The exten-
sion of the Cameroonian Atlantic coast basins (Campo, Douala and Rio Del Rey)
towards the Benue trough is broken by the presence of the volcanic massifs of
Cameroon (Figure 3). Thus, the geological history of the Mamfe, Douala and
Rio Del Rey basins is linked to that of the Benue tectonic trough.

The Benue basin is a mega-structure oriented south west-north east, extend-
ing for about 1000 km from the Niger Delta in southern Nigeria to Lake Chad
[28]. This basin whose major axis extends substantially along the N115° direc-
tion is bordered by faults in its upstream part [10]. Its lower part or southern
part mixes with the oil zone of the Niger Delta basin which is located along the
sea between the central and West African Atlantic coasts. This basin consists of a
sedimentary part and a non-sedimentary part.

The sedimentary part consists of deposits of several thousand meters of Cre-
taceous sediments which are of continental fluviatile nature. The sedimentary
pile consists of low to high of brechic and conglomeratic coarse sandstones, clays
(mud and silicate clay), and microlitic sandstones mixed with polygenic con-
glomerates. All these formations are based on a granito-gneissic base.

The non-sedimentary part consists of a set of Precambrian metamorphic
rocks (0 to 4 billion years old), such as gneiss, micaschist and migmatite asso-
ciated with granites. It is also made up of effusive formations (volcanic) dating
from the Tertiary: these are the porphyric and aphyric basalts found on the vol-

canic line of Cameroon.

4. Methodology

The methodology consists of using the aeromagnetic data collected in the three

basins by GETECH Company to establish the maps of the total magnetic

(l) 3(20 Km
M= SCALE —12°
-V"l“‘nic K Gongola Rift
Nupe Basip
Adamaoua Plateau a
Benoue Trough
Bamenda Massif Foumban Shear zone 6
[ Nvrermey]
—
Calabare N
Cameroon Mount e Yaonude
ATLANTIC OCEAN Douala
|
6° 12°

Figure 3. Rift system associated with the Benue trough [23].
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intensity field reduced to the pole on which we will choose a profile that will be
used to highlight a 2D model of the basement. Then we will use the structural
maps obtained by Nzeuga et al. ([34], [35], [36]) from the same data, added to
the spectral analysis to highlight the impact of the opening of the South Atlantic
on the tectonics of these three basins. To achieve this, we will limit ourselves to
the geodynamic approach, because geodynamics studies describe and explain the
evolution of the Earth system from field observations synthesized by typical
models of behavior. This method is limited to the qualitative analysis of the re-
sults of the structural study and the interpretation of the magnetic models car-
ried out in the three basins studied. Its only advantage is that it gives an overall
idea of the internal geodynamics from the results of the structural study, but re-
mains very limited because it does not include any dynamic parameters for fur-
ther study.

1) Maps of the Anomaly of the Total Magnetic Intensity Field Reduced to
the Pole

The reduction to the pole operator allows determining the magnetic field that
would be observed if the magnetization was vertical (inclination I = 90°). These
maps (Figure 4) were calculated using the Oasis Montaj software and the ob-
served positive anomalies reach peaks of 102 nT for Mamfe, 61 nT for Douala
and 374 nT for Rio Del Rey. Theses anomalies are in most cases oriented west
south west-east northeast, north west-south east, and south west-north east. In
general, these magnetic anomalies are largely influenced by the structural direc-
tion north 75° east particular to the tectonics of Cameroon.

2) Structural Maps of Mamfe, Douala and Rio Del Rey Sedimentary Ba-
sins

Figure 5 shows the structural maps of Mamfe, Douala and Rio Del Rey sedi-
mentary basins. That of the Mamfe sedimentary basin (a) highlights several
types of contacts that can be assimilated to faults (in strong lines) and intrusions
of geological bodies (in broken lines). That of the Douala sedimentary basin
(b) shows contacts that can be assimilated to faults (principal faults in strong
lines, which would represent zones of main stress existing at the opening of the

South Atlantic and secondary faults in fine lines, which would represent zones of

CAMEROON

a
BUEA

Figure 4. Maps of the anomalies of the total magnetic intensity field reduced to the pole of Mamfe (a), Douala (b) and Rio Del Rey
(c) sedimentary basins on which are represented successively the profiles Pm, Pp and Pr ([34], [35], [36]).
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Figure 5. Interpretative structural maps of Mamfe, Douala and Rio Del Rey sedimentary basins ([34], [35], [36]).

secondary stress), geological intrusion (in red, which could be assimilated to an
intrusion of igneous bodies in the sediments) and magnetic stripe (in green,
which is a direct observation of magnetic ridges and troughs that can be likened
to a fold). As for the structural map of the Rio Del Rey sedimentary basin (c), it
highlights fault contacts type only.

In general, we can see that during the opening of the South Atlantic, the tec-
tonics of the three study areas was subject to fracturing along three major direc-
tions namely north west-south east, south west-north east and west south
west-east north east. These results are justified by the rosacea map of the frac-
turing directions mapped in the different basins (Figure 6).

3) Spectral analysis

The objective of spectral analysis is to provide information on the depth of
magnetic anomalies. It was applied simultaneously on the Py, Pp and Pr profiles
(Figure 7) and on the maps of the total magnetic intensity field reduced to the
pole (Figure 8). The results show that in the Mamfe sedimentary basin, the
rooftop of the magnetic anomalies is 5 km from the Py profile and 1.5 km from
the map of the total magnetic intensity field reduced to the pole. For Douala and
Rio Del Rey sedimentary basins, the rooftop of the magnetic anomalies is 2 km
from the Pp and Pr profiles and 500 m on the maps of the total magnetic inten-
sity field reduced to the pole for Douala and Rio Del Rey basins.

4) 2D modeling of the magnetic anomaly according to Py, Pp and Px pro-
files

Magnetic modeling aims to determine the geophysical characteristics of the
intrusive bodies responsible for the magnetic anomalies observed in the study
area. The essential parameters for this modeling are the magnetic susceptibility
contrast and the depth of the anomaly. Magnetic susceptibility is obtained from
information on geology and tables of average magnetic susceptibility values of
rocks proposed in the scientific literature. The observed positive anomalies are
basaltic intrusions in the Precambrian basement and we attributed to them a
contrast of magnetic susceptibility of 0.001 cgs for the case of the Mamfe sedi-
mentary basin, 0.003 cgs for the Douala sedimentary basin and 0.00985 cgs for
Rio Del Rey sedimentary basin. The depth of the anomaly according to the spec-
tral analysis is 5 km for the Mamfe basin and 2 km for the Douala and Rio Del
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Figure 6. Rosacea of the fracturing directions mapped in the Mamfe, Douala and Rio Del Rey sedimentary basins [34], [35], [36].
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Figure 8. Spectral analysis of the maps of the total magnetic intensity field reduced to the pole, respectively of Mamfe (a), Douala
(b) and Rio Del Rey (c) sedimentary basins [34], [35], [36].

Rey basins. These models (Figure 9) were calculated using the GM-SYS software
of Oasis montaj with values of the geomagnetic field given by the International
Geomagnetic Reference Field 32,600 nT (for Mamfe), 32,800 nT (for Douala)
and 32,700 nT (for Rio Del Rey).

5. Results

The Mamfe, Douala and Rio Del Rey sedimentary basins are all born after the
opening of the South Atlantic between the Lower Cretaceous and the Eocene.
The results of the qualitative and quantitative study carried out on the maps of

the total magnetic intensity field reduced to the pole of Mamfe, Douala and Rio
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Figure 9. Geological models of basaltic intrusion in the basement of Mamfe (i), Douala

(ii) and Rio Del Rey (iii) sedimentary basins. (a) Magnetic anomalies along the profile, (b)
geological model of earth ([34], [35], [36]).

Del Rey sedimentary basins will contribute to a geodynamic study of their sub-
soil.

The qualitative analysis of the anomaly maps of the total magnetic intensity
field reduced to the pole shows that the geological relief of these basins con-
sists of basaltic intrusions in the sedimentary rocks. These intrusions are in
most cases oriented west south west-east northeast, north west-south east, south
west-north east and suggest that during the opening of the South Atlantic, the
tectonic movements in these basins would have caused the break of the base-
ment and favored a rise of the magma along the above directions, which would
have cooled to give birth to volcanic rocks observed in them. Also, the positive
anomalies observed in the Rio Del Rey basin reach peaks of 374 nT unlike other
basins and suggest that the tectonic activity in this one is more recent.

The analysis of the structural maps shows that during the opening of the
South Atlantic, the tectonics of the three basins was subject to fracturing along
three major directions namely north west-south east, south west-north east and
west south west-east northeast and tectonic activity was denser in the Mamfe se-
dimentary basin. These results corroborate those of the qualitative analysis and
are also justified by the rosacea map of fracturing directions mapped in each ba-

sin.
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The quantitative analysis by spectral analysis shows that the rooftop of the
anomalies in the Mamfe basin is located at 5 km according to the profile and at 2
km on the map of the anomalies. For Douala and Rio Del Rey sedimentary ba-
sins, the rooftop of the anomalies is 2 km on the profile and 500 m on the map.
Thus, since the Mamfe sedimentary basin is intracontinental and the Douala and
Rio Del Rey basins are coastal, we can observe that the oceanic crust at the coast
is thinner than the continental crust at the Mamfe basin.

The geological models of subsoil computed in the different basins highlight
intrusions of geological body in the basement and justify the strong tectonic ac-

tivity which led to the opening of the South Atlantic.

6. Conclusions

The opening of the South Atlantic to the lower Cretaceous is at the origin of the
current structure of Mamfe, Douala and Rio Del Rey sedimentary basins. The
qualitative and quantitative analysis of the anomaly maps of the total magnetic
field intensity reduces to the pole, which shows that the fracturing of the base-
ment of these basins was made along with three major directions. A geodynamic
study of these basins shows that the opening of the South Atlantic influenced in
the same way the tectonics of the three basins in terms of structural directions
and the basement of these basins tends to split in two in the direction of the
center Cameroon shear. Also, the proximity of the Mamfe sedimentary basin to
the volcanic line of Cameroon justifies the strong geodynamic activity which
found there compared to the Douala and Rio Del Rey basins and the rooftop of
the magnetic anomalies close to the surface in Douala and Rio Del Rey basins
show that the oceanic crust is thinner than the continental crust.

Then, the opening of the South Atlantic had a favorable impact on the tecton-
ics of Mamfe, Douala and Rio Del Rey sedimentary basins and the geodynamic
study of their basement compared to the tectonic activity of the Cameroon vol-
canic line shows that the tectonic activity in these basins is evolving. But further
study integrating the dynamic parameters of the rocks of each basin would pro-
vide more accurately the results of the impact of the opening of the South Atlan-

tic on their tectonics.
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