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Abstract

The Gulf of Guinea constitutes an area of great petroleum potential yet with
very limited geophysical research information. Consequently in this study, a
Bouguer anomaly map has been computed from gravity data covering regions
stretching from the Cameroon coastal basins to Bioko island (formerly Fer-
nando Po) which is part of Equatorial Guinea. The data were further processed
for Source Edge Detection (SED), Euler 3D deconvolution, 3D surface oriented
models and 3D voxel solutions. The results confirmed the presence of pre-
viously identified intrusive bodies around the Douala and Kribi/Campo se-
dimentary sub-basins and went ahead to suggest a probable continuity be-
tween these two. A possible extension of this body offshore the Gulf of Gui-
nea right up to Bioko island with very striking similarities was also highlighted
and it shows characteristic variations in the depth to the surface of the body
at different locations.
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1. Introduction

The Douala Sedimentary sub-basin and the Kribi-Campo Sedimentary sub-basin
are all part of the Cameroon atlantic basin which stretch forth up to Bioko island

(formerly Fernando Po) which is part of Equatorial Guinea (see Figure 1).
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Figure 1. Map showing study area (as red rectangular box) modified after Anoh et al. (2018).

Cameroon and Equatorial Guinea in their coastal and offshore areas are part
of the West-Central Coastal Province of the Sub-Saharan African Region (Brown-
field & Charpentier, 2006). The Douala sedimentary sub-basin has an estimated
depth ranging from about 6 to 7 km (Ala & Selley, 1997; Anoh et al., 2014, 2018).

Most of the geophysical/geological studies carried out in this region have been
done by petroleum exploration firms and so their results are not published.

A number of geophysical studies have been carried out in different parts of
this Coastal Province in recent times using different methods. Koumetio et al.
(2009) carried out 2.5D gravity modelling along Bouguer gravity profiles to
highlight two major structures in the southern part of the Douala sedimentary
sub-basin. Ndikum et al. (2014, 2017) and Ndikum (2015) employed 2.5D stu-
dies along two profiles to establish the presence of an igneous intrusive body in
the Douala sedimentary sub-basin of about 2.77 g/cm’. Koumetio et al. (2012)
suggested the presence of two dense intrusive igneous blocks in the upper crust
in the Kribi-Edea zone whose surfaces lie locally at depths between 0.9 and 1 km,

both having a density contrast of about 0.167 g/cm?® in comparison to the sur-
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rounding metamorphic rocks. Further south of the Kribi-Campo sub-basin, to
the SE edge around Bipindi, Koumetio et al. (2014) used 3D modelling tech-
niques to characterize two dissymmetrical blocks of the same type of rock with
density contrast of —0.095 g/cm®. Malquaire et al. (2017) carried out 3D gravity
modeling in the northern part of the Kribi-Campo sub-basin to indicate the
presence of a dense intrusive igneous body of density 2.74 g/cm® in the upper
crust. Ndikum et al. (2019a, 2019b) have also employed geophysical techniques
of Euler 3Ddeconvolution, Source Edge Detection (SED), analysis of some spe-
cial functions (horizontal gradient magnitude (HGM), analytic signal (AS) and
the local wavenumber (LW)), 3D surface oriented models and 3D voxel solu-
tions to characterise a 3D intrusive body and other structural lineaments in the
Douala sub-basin.

Studies in different portions of both the Douala and Kribi-Campo sub-basins
indicate the presence of intrusive materials with densities of approximately 2.7
g/cm?. Bouguer maps of the Douala sub-basin are characterized by high positive
anomalies which suggest the possibility of continuity beyond the South-West
coastal portions. 3D surface oriented plots in the Douala sub-basin further em-
phasize this possible extension (Ndikum et al., 2019a). Consequently, the need
arises to investigate on one hand if the intrusive bodies in the Douala & Kri-
bi-Campo sub-basins are part of the same unit or separate entities. On the other
hand, it is important to verify if these intrusive bodies continue beyond the Ca-
meroon Atlantic basins and to what extent across the West-Central Coastal

Province of the Sub-Saharan African Region.

2. Geologic and Tectonic Settings

The Douala/Kribi-Campo basin along with the Rio del Rey basin constitutes the
Atlantic coastal basins of Cameroon. They are separated by a major tectonic
feature, the Cameroon Volcanic Line. The two basins form part of a series of se-
dimentary fills lining the West African coast (Anoh et al., 2014). The Rio del Rey
basin constitutes the eastern limb of the Benue trough and of the Niger Delta
that infills it (Ala & Selley, 1997). The Mundeck formation crops out in the Rio
del Rey basin as the oldest sediments in its onshore portion. It consists of coarse
pebbly cross-bedded fluvial sandstones. Shallow marine limestones, sandstones
and shales of the Mungo and Logbaba formations overlie these deposits. Off-
shore the Rio de Rey basin, a stratigraphic section which is broadly compared to
the Niger Delta has been revealed by drilling (Short & Stauble, 1967). The Dou-
ala/Kribi-Campo basin is larger than the Rio del Rey basin and has a more con-
tinuous stratigraphic section. Its continental basal cretaceous sands are overlain
by shallow marine limestones, sandstones and shales of Late cretaceous, Palaeo-
gene and Neogene ages. Basaltic lavas from the Cameroon volcanic centre over-
lie these formations at the western margin of the basin (Ala & Selley, 1997).
Moving southwest from the Douala/Kribi-Campo basin offshore, is located

Bioko island (formerly Fernando Po) which is part of Equatorial Guinea and

DOI: 10.4236/gep.2023.111001

3 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2023.111001

E. N. Ndikum, C. T. Tabod

constitutes part of the offshore portion of the Cameroon Volcanic Line (CVL)
(Tokam et al., 2010). Further south, the Douala/Kribi-Campo basin is bounded
by the Rio de Muni sedimentary basin which stretches over other portions of
Equatorial Guinea. The Rio de Muni basin together with the Douala/Kribi-Campo
basin constitutes a NNE-SSW orientated continental margin. They show a rift
faulting that appears to have similar trends and is associated to a thick Aptian
sedimentary section. Arcuate fault traces which broadly parallel the Rio de
Muni coastline were later produced by post-rift gravity sliding (Lawrence et al.,
2002).

The Tectonic evolution of the West African Coastal basins, which is similar to
that of the Gulf of Guinea, is strongly related to the processes of rifting and
drifting that resulted in the opening of the South Atlantic Ocean and which led
to the separation of the South American plate from the African plate (Bate et al.,
2019). This evolution was in three main stages, namely: Pre-rift (from Late Pro-
terozoic to Late Jurassic), Syn-rift (from Late Jurassic to Early Creetaceous) and

Post-rift (from Late Cretaceous to Holocene).

3. Data and Methodology
3.1. Data

A total of about 610 gravity data points were used in this study. This data was
obtained from gravity surveys carried out by the Office de la Recherche Scienti-
fiqueet Technique d’Outre-Mer (ORSTOM) (Collignon, 1968; Louis, 1970) which
are made available by the Bureau Gravimétrique International (BGI, 2018)/IAG
International Gravity Field Service. These data have average inter-station dis-
tances of 4 to 5 km. These data points were collected on the land leaving the ma-
rine section between the Cameroon Coastal basin and Bioko island without data
points. A comparative analysis will be done with results obtained from the availa-
ble data and results generated from the data complemented with dummy data

points.

3.2. Methodology

3.2.1. Euler 3D Deconvolution

Euler 3D deconvolution method has been applied on Bouguer anomaly from the
study area by means of the montaj Euler 3D deconvolution (Euler 3D) system to
automatically determine the location and depth of the potential field in the re-
gion. The Standard Euler 3D method (Reid et al., 1990; Thompson, 1982) which
is based on Euler’s homogeneity equation and relates the potential field (gravity
or magnetic) and its gradient components to the source location was used. This
is done with a degree of homogeneity N, referred to as the structural index
(Whitehead & Musselman, 2005).

Given a potential field Az s, ), Euler’s equation can be stated as:

dpP dpP dP
r-r,)—+(s-s,)—+(t-t,)—=N(C-P 1
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With (r,,8,,t,) the location of the potential field whose total field 2 is meas-
ured at (r,s,t) having a regional value of Cwhile Nis the Structural index (SI)

whose values are presented in Table 1.

3.2.2. Source Edge Detection (SED)

This is a tool that is able to locate edges (geological contacts) or peaks from po-
tential field data by analyzing the local gradients (Whitehead & Musselman,
2005). This is done by estimating the location of abrupt lateral changes in mag-
netization or mass density of rocks of the upper crust by identifying the maxima
on a grid of horizontal gradient magnitudes. Localized peaks in gravity grids are
identified using the Blakely and Simpson (1986) method and assigned one of the
following levels:

“all 4 directions™: grid values in all adjacent grid cells are lower

“3/4 directions”: grid values in three directions are lower.

“2/4 directions”: grid values in two directions are lower.

“1/4 direction”: grid values in any one direction are lower (i.e. a ridge).

Plots of the source edges determined by SED are done for different peak levels
with color-coded symbols ( _L_). On these plots, the strike direction of the edge
(contact) is represented by the direction of the long axis, while the “down-gradient”
direction, pointing away from a locally and more dense or magnetized source, is
shown by the dip indicator. When the results of SED are plotted on the Bouguer
or residual anomaly map, the symbols indicate geological contacts or edges of

geologic bodies.

3.2.3. 3D Surface Oriented Models

The Oasis Montaj tool, GM-SYS 3D (Geosoft Online Help, 2014), which uses
calculations performed in the wave number (Parker, 1972), has been used to
build depth models in order to provide surface-oriented models of the possible
surface disposition of the intrusive body in this study area. These models are re-
lief plots which indicate the variation in depth of surfaces with particular densi-
ties, where each surface is a constant layer at a specific density. A model with
constant surface layer at 0 km and bottom layer at a depth of 40 km was gener-
ated. The geometry of the model was adopted from the residual field obtained
at upward continuation height of 30 km (Ndikum et al., 2014; Ndikum, 2015).

Table 1. Structural index values for different gravity geologic models.

Geologic model Number of infinite dimensions Gravity SI
Sphere 0 2
Pipe 1(2) 1
Horizontal cylinder 1(x-y) 1
Dyke 2(zand x- y) 0
Sill 2 (xand y) 0

Contact 3 (x, yand 2) undefined
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The constant density value of 2.77 g/cm® suggested by the studies of Ndikum et
al. (2014), Ndikum et al. (2017) and Koumetio et al. (2012) for the intrusive
body in this region was used. The Bouguer data, used as the survey data, was
loaded into the model with the background density of 2.5 g/cm® from the sur-
rounding sedimentary basin (Telford et al., 1990). The calculated density con-
trast of the layer was determined through forward calculations while the density
of the layer with respect to the forward calculations was recalculated using con-
stant density inversion. From this point, the surface oriented model of the layer

was generated through structural inversion.

3.2.4. 3D Voxel Solutions

Voxel is the short form of “volume pixel” which is used in three dimensional
modeling and the discussion of data cubes; it actually signifies the smallest dis-
tinguishable box-shaped part of a three-dimensional image. This implies it is the
3D conceptual counterpart of the 2D pixel (Geosoft Online, 2014). Using the
model from the surface oriented plot as the starting model, the geometry of the
3D voxel solution was defined. The 3D voxel solution for the intrusive body in
this study area was then generated as well as the calculated anomaly map by em-

ploying the basic statistical kriging algorithm.

4. Results
4.1. Qualitative Analysis

The gravity data were gridded using the minimum curvature grid and displayed
as a Bouguer map (Figure 2). The Bouguer anomaly is characterised by very
high positive values which are concentrated towards the centre of the area of
study. These high positive values are characteristic of the presence of intrusive
material beneath the study area of the West-Central Coastal Province of the Gulf
of Guinea. The high positive values generally stretch in a NE-SW direction from
the NW portion of the Douala sub-basin right down to Equatorial Guinea. The
anomaly is concentric in shape with a peak value of 105.1 mGal towards the SW
of Limbe (longitude 9°7'E and latitude 3°58'N), a smaller peak with value 101.9
mGal further SW towards the SE of Malabo (longitude 8°54'E and latitude
3°38'N) and the greatest peak with value 126.3 mGal towards the E of Bioko
(longitude 8°40'E and latitude 3°25'N). Towards the NE edge of the study area, a
rapid change is noticed from positive to negative anomaly values which is sug-
gestive of change in structure. This most probably marks the limit of the intru-
sive body. On the other sides of the peak portions, the anomalies are either con-

tinuous or decreasing steadily.

4.2. Euler 3D Deconvolution Solutions

Standard Euler 3D deconvolution was carried out on the Bouguer anomaly in
the study area for structural index value of 0 in order to estimate the depth of the
different geologic bodies responsible for this anomaly. The results (Figure 3(a))

suggested that majority of the bodies were located at depths of about 4 to 5 km.
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Figure 2. Bouguer map of the study area.

Some peaks however are noticed to be located closer to the surface at depths of
about 2 km. These contacts were most pronounced along the NE edge of the
study area where there is an abrupt change in anomaly and also towards the NW
limit of the positive high portion. For Euler 3D analysis on the Bouguer anomaly
data augmented with dummies (Figure 3(b)), these limits are further empha-
sized as well as indications of peak positions in the study area. This suggests that,
with the availability of data points on unrepresented areas, a better picture will
be obtained which will justify the continuity of the body in this study area.
Worth noting is the fact that, the number of depth locations are most likely few
in number as a result of the broadness of the surface area over which the analysis

have been carried out.

4.3. Solutions of Source Edge Detection

The Source Edge Detection (SED) method was applied on the Bouguer anomaly
and results for peak values ranging from 2 to 4 plotted on the Bouguer anomaly
map (Figure 4(a)). The plots indicate generally that the dip directions of all peak

values are pointing away from the positive high region on the Bouguer anomaly
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Figure 3. (a) Plot of Euler 3D deconvolution results; (b) Plot of Euler 3D deconvolution results with
dummy values included.
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map. It can also be observed that this is especially the case around the positions
of the three major peaks on this map. The outline of the possible edges of the
structures in this study area is further emphasized when the SED is carried out
and plotted for Bouguer anomaly augmented with dummy values (Figure 4(b)).
This plot goes ahead to establish the continuity of the edges of the structures be-

neath this study area across the area with limited data.

4.4. 3D Surface Oriented Model Solutions

The plot of the 3D surface oriented model (Figure 5) obtained using GM-SYS
3D presents a body with a calculated density of about 2.769 g/cm? from an initial
constant layer located at a depth of about 33 km. This model constitutes a sur-
face which is continuous across the entire study area with varying depths to its
peak at different points in the study area. The surface is seen to continue towards
the South in the direction of the Kribi-Campo sub basin and further South West
right up to Bioko island with a link beneath the offshore section. The high posi-
tive anomaly which was noticed beneath the Douala sub-basin is shown to cor-

respond to major peak of the intrusive body at a depth of about 5 km. The high
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Figure 4. (a) Plot of source edge detection solutions. The peak colour-coded symbol
(—L-) is red for peak value 2, black for peak value 3 and white for peak value 4. (b) Plot
of Source Edge Detection solutions with dummy values included.
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Figure 5. Plot of surface oriented model.
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positive anomaly beneath Bioko island also corresponds to the peak of the intru-
sive body at a depth of about 2.6 km. This smaller depth value explains why the
Bouguer anomaly had a higher value around Bioko island than around the Dou-

ala sub-basin.

4.5. 3D Voxel Solution

The 3D surface oriented model was then used to generate the 3D voxel solution
(Figure 6) of the block structure underlying this surface using GM-SYS 3D. The

Figure 6. Plot of 3D Voxel solution.

Figure 7. Plot of calculated anomaly from model.
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3D voxel solution presented a block structure corresponding to an intrusive
body of density 2.77 g/cm’® underlying the surface generated by the 3D surface
oriented model. This block structure still indicated that the intrusive body con-
tinued towards the Kribi-Campo sub basin and also extended right up to Bioko
island. The calculated anomaly map (Figure 7) from this 3D voxel solution
showed very striking similarities with the Bouguer anomaly map (Figure 2) of
the study area as far as the high positive anomaly values and the peak positions

are concerned.

5. Conclusion

Gravity data covering a surface area stretching from the Douala/Kribi-Campo
sedimentary basin to and including Bioko island in Equatorial Guinea has been
processed to plot the Bouguer anomaly map. The high positive values of the
Bouguer anomaly stretching in the NE-SW direction and constituted by circu-
lar-like contours were seen to be indicative of an intrusive body. Euler 3D de-
convolution analysis located the depth to the causative geologic body to a mini-
mum depth of about 2 km but also suggested that majority of the bodies were
located between a depth range of 4 to 5 km. Source edge detection analysis
traced possible edges of this body with dip directions generally pointing out-
wards from the center of the peak anomaly region which is characteristic of in-
trusion. 3D surface oriented modelling as well as 3D voxel solution generated
from the Bouguer data both presented an intrusive body which extends south-
wards into the Kribi-Campo sub basin and also towards the south west right up
to Bioko island in Equatorial Guinea. This model was observed to be of igneous
origin with density of about 2.769 g/cm’and depths of about 2.6 km and 5 km

beneath the Bioko island and Douala sub basin respectively.
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