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m tures of different densities and analyze their implications on the Sanaga Fault.

Moreover, the models show that the positive anomalies characteristics for the

tribution of depths of geological structures in the basement of the study area;

the established models reveal the presence of eight blocks of geological struc-

Sanaga Fault reflect the anomalous character due to the strong dominance of
the shale intrusion in the basement.
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Filters, Modeling

1. Introduction

The knowledge of the structure of the earth requires both surface and deep stu-
dies. Thus, thanks to geophysical methods, it is possible to investigate the base-
ment at depth and explore hidden areas in order to have a picture of the deep
structure of the globe. Geophysics, known as a discipline of the physics of the
earth’s environment, was first developed in the field of prospecting and then for
the fight against environmental hazards on land.

In Cameroon, the structural context consists mainly of four sets: the Kri-
bi-Campo Fault (KCF), the Tcholliré Banyo Fault (TBF), the Cameroon Central
Shear (CCC) and the Sanaga Fault (SF) [1] [2]. In addition, the Sanaga Fault
represents one of the major dextral mylonitic shear zones crossing Cameroon
from northeast to southwest [1] [3] [4]. The Sanaga Fault [5], a SW-NE trending
shearing fault that operated as a dextral strike-slip, which extends from Edea to
the west, is the Cameroonian extension of the Bozoum-N’dele Fault [3] and may
be the southern limit of the dextral strike-slip of the Pan-African Belt with re-
spect to the portion of the Congo Craton located in Cameroon [5]. A little fur-
ther south in Cameroon, the Abong-Mbang-Akonolinga tectonic corridor illu-
strates the cumulative characteristics of brittle and tangential tectonics [6]. Thanks
to the work on the global structuring of the tectonic faults of Cameroon, it is
now known that the basement of Cameroon has been affected by several geody-
namic phenomena [7]. Thus, the geodynamic structural context of the Ab-
ong-Mbang-Akonolinga fault has been revealed as being that of a collision chain
between the Congo Craton to the south and the Adamawa-Yadé domain [2] [8],
which may be at the origin of the Sanaga Fault.

In this work, we conduct a geophysical investigation using data from the
XGM2016 global gravity model for a structural analysis of the Yaounde, Yoko
area in Cameroon. The unavailability of gravity data suggested the choice of this
method. For the analysis, we put an emphasis on two points: 1) the understand-
ing of the geological parameters of the study area; and 2) identifying tectonic
faults aids in finding mineral-rich areas for energy solutions for the exploitation
of basement mineral resources with regard to energy challenges. To achieve the
objectives, we exploited the geological setting of the study area, and adopted a
data processing methodology based on the use of digital filters for qualitative

and quantitative analysis.

2. Geological and Tectonic Setting

Central Africa is essentially made up of a Precambrian basement comprising
magmatic and metamorphic rocks subdivided into several geological periods

from Cameroon to Sudan [3] [9]. The outcropping rocks are mainly granites and
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Figure 1. (a) Africa Craton [11]; (b) Cameroon geological map [2]. (c) Geological map of study area (extraded of geological map
of Toteu [15]), with Congo Craton Limit (after Cheunteu [7]), 1. Gneiss granulitic, Meso-Archean, 2. TTG no charnockitic, Me-
so-Archean, 3. Gneissic complex, 4. Gneiss and micaschists, 5. Granitoids Post-tectonic, 6. Granitoids Syn-at tardi-tectonic, 7.
Schists, Group Yaounde, 8. Quarztits, Group Yaounde.
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and covers a period from 1000 Ma to 500 Ma. The formations encountered form
a vast and complex network of orogenic domains [15]. The North Equatorial
Pan-African Belt constitutes the most of the basement and outcrops in Came-
roon (Figure 1(b)). The formations encountered cover several groups, namely:
1) the Yaoundé series, which contains mainly granulites of plutonic origin with
the presence of syn-metamorphic igneous rocks in the vicinity and in the city of
Yaoundé [4]; 2) the Ayos-Mbalmayo-Bengbis (AMB) series along the northern
edge of the Ntem Group, which is continuous with the garnet-bearing micasch-
ists of the Yaoundé series. It consists essentially of schists and micaschists [16].
In the study area, several geological structures abound in the subsurface
(Figure 1(c)) ranging from Archean (Granulitic Gneiss and TTG no charnock-
itic, Meso-Archean) to Neoproterozoic (Gneiss and micaschists, Granitoids
Post-tectonic and Granitoids Syn-at tardi-tectonic); as well as the markings of a
few structural features (Figure 1(c)) such as the localized fault in the northeas-
tern part of the study area. This dense fracture is considered to mark an impor-
tant lineament that we will refer to as the Sanaga Fault. North of the Sanaga
Fault, the structural lines in the quartzites are fine, regular and thus provide
some good structural markers [5]. The Sanaga Fault separates two major outcrop
zones: (Series 1) Lom in the north and (Series 2) Nanga-Eboko in the south [17].
The Sanaga Fault completes the Central African lineament bundle described by
[3] to the west. It extends the Bozoum-N’dele accident westward, forming the
Sanaga-N’dele feature, the longest and most rectilinear of the Adamawa axis li-

neaments [5].

3. Data used

In this work, we use data from the global gravity model (XGM2016) to highlight
Bouguer anomalies at the spherical harmonic degree of 719. The model devel-
opment utilized altimetry, onboard and airborne ground data, and topogra-
phy datasets [18]. Data collection was carried out by satellites such as GRACE,
GOCE, and LAGEOS. The topographic potential models incorporated in the
study represent the gravitational potential resulting from the attraction of
Earth’s topographic masses. It’s important to note that the gravity values in the
models are predicted rather than actual. The accuracy of these predictions de-
pends largely on the resolution and precision (errors) of the numerical model.
The data grid of this gravity model has been extracted from the ICGEM (Inter-
national Centre for Global Earth Models) website

(http://icgem.gfz-potsdam.de/calcgrid) with a resolution of 0.1° x 0.1°. These
data were corrected using the tesseroid method [19] with a homogeneous densi-
ty distribution. For the calculation, 2670 kg.m™ were used as the average value of
the density of the upper continental crust [20] gravity and bathymetric correc-
tions were calculated for a seawater density model [21] [22] [23] [24] as a func-
tion of depth. These data are used in this work to characterize the subsurface of

the Yaounde - Yoko localities.
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4. Methodology

In this study, gravity anomaly processing methods were used for a structural
characterization of Yaounde - Yoko basement and to highlight not only the cha-
racteristic tectonic faults [25] [26] [27] [28] but also to characterize the basement
geometry of these localities and its surroundings. For the methodology, the fil-
ters used are described below. The processing methodology consists of two
phases. In the first phase, a qualitative analysis of Bouguer anomalies was con-
ducted to examine the distribution of anomalies and their gradient contrasts.
This involved applying upward extension filters, vertical gradients, and horizon-
tal gradients [7]. Since the study focuses on the Yaoundé-Yoko basement struc-
ture, a multi-scale analysis of these digital filters was performed to understand
their behavior with depth and to combine structural characterization [7]. In the
second phase, the geometry of the study area’s basement was characterized. This
involved mapping the spatial distribution of geological structure depths and de-
veloping a 2D1/2 model to comprehend the geodynamic context in relation to

the region’s lineament orientation [7].

4.1. The upward Continuation

In order to study the behavior of geological structures and their formation
processes, we perform a multiscale analysis of gravity anomalies in the study
area including Yaounde and Yoko in Cameroon. The upward Continuation is a
method that uses the low-pass filter operator by attenuating the high frequencies
of the fields associated with the effects of the surface gravity structures, thus hig-
hlighting the anomalies of the deeper structures, as a function of the altitude of
the extension [29]. In the frequency domain, the expression of the upward ex-

tension operator for a map is defined by relation (1):
L(r)=e™** (1)
where kis wavenumber and z the variation of depth.

4.2. The Horizontal Gradient of Bouguer Anomalies

The horizontal gradient (HG) is a method used to locate lateral contacts of geo-
logical structures in the basement. It allows to highlight areas with a strong grav-
ity gradient contrast [24]. It is favorable for the study of different deep disconti-
nuity zones in order to give their tectonic implication. In the spatial domain, the
horizontal gradient (HG) of a potential field g(x,y) of the seam along the xand y
plane is given by the relation (2) [25]:

2
ag 2 ag
==+ = 2
oon = (2] (2] @
a9 a9 . o . .
where 8_ and 5 are respectively the derivatives following x and following y
X

of the field &
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The x component of the gradient emphasizes the discontinuities and direction
of the contacts while the y component acts in a similar way to the direction per-

pendicular to x.

4.3. The Vertical Gradient of Bouguer Anomalies

In general, the derivation operators performed on the anomaly maps are in-
tended to attenuate or, on the contrary, enhance certain information contained
in the potential field data [7]. The vertical derivation operator acts as a high-pass
electronic filter by amplifying short wavelengths, thus highlighting anomalies
associated with shallow structures at the expense of those associated with deep
structures [7] [25] [29]. The horizontal gradient (DH) of a potential field g(x;y)
is calculated by relation (3) from [30]:

oP
Oov = (Ejh (3)

where Pis the potential field and 4 is the height.

4.4. Multiscale Analysis of Gradient Maxima from Gravity Data

The upwards continuation map of Bouguer anomalies at different altitudes
(Figure 3) allowed us to differentiate anomalies related to regional (deep) struc-
tures from those originating from local (shallower or superficial) structures. The
horizontal gradient map highlights areas with steep density variations, in-
ter-perceived either as faults or geological contacts, or as intrusive formations
[7] [31]. Multiscale analysis of the horizontal gradient involves coupling the ho-
rizontal gradient to the upward continuation at different height [32]. The max-
ima of the horizontal gradient are determined by the method of [26].

The analysis methodology consists of mapping the continued upward field at
different height with a constant step size; then for each map, the horizontal gra-
dient maps are constructed. These horizontal gradients are used to locate max-
ima, and finally to map the maxima of the gravity data. The approach of auto-
matically locating horizontal gradient maxima [26] was utilized. The process in-
volved two steps. In the first step, Bouguer anomalies were extended from 0 km
to 40 km at a consistent step size. In the second step, the horizontal derivative
(HD) was computed for each upward continuation anomaly map, and the gra-
dient maxima were determined for each extended horizontal derivative map. To
locate these maxima, a regular grid was defined, comparing the value of the cen-

ter node within a 3 x 3 window to its four neighboring grid points [7] [26].

4.5. Euler Deconvolution Method

The Euler deconvolution filter has been applied to gravity anomalies of Yaounde,
Yoko area in Sud-Cameroon. Euler deconvolution allows the precise location of
the depths of potential field anomaly sources in the basement. The Euler decon-
volution technique uses first order x, y and z derivatives to determine the loca-

tion and depth of various targets (sphere, cylinder, dyke and contact); each cha-
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racterized by a specific structural index. The Euler homogeneity relation for

gravity data is defined by relation (4) [33].

(x—xo)%Jr(y—yo)%ﬂz—zo)%:N(B—M) (4)
where (xo, yo et 2) is the position of the gravity source whose total field (M) is
detected in (X, y; z), B the regional potential field, and N the degree of homo-
geneity as the structural index. The structural index (V) depends on the geome-
try of the source (Table 1) and characterizes the rate of change of the intensity of
the anomaly with distance [34]. Another parameter that comes into play for the
determination of adequate solutions is the choice of the window size [35], who
noted that the appropriate choice of the window size depends on the wavelength
of the anomaly examined and the grid pitch. The tolerance (Z) representing the
error on the depth determination is taken into account known as the solution
acceptance rate [35]. The quality of this evaluation depends largely on the ap-
propriate choice of the structural index, which is a function of the geometry of
the causal bodies [36]. To characterize the subsurface of the study region using
Euler deconvolution, we initially utilized the Bouguer anomalies from the global
gravitational model to determine spatial anomaly contrasts in the x, y; and z di-
rections. Next, we established a method for calculating the depths of geological
structures. This involved defining parameters such as a window size of 15 km X
15 km, a structural index of 0, and a tolerance of 10% for depth estimation. The
selection of the window size was adjusted to determine the display dimensions of

the spatial distribution.

4.6.2D1/2 Modeling of Gravity Data

In order to describe the subsurface geometry of the Yaounde-Yoko region,
2D1/2 modeling was adopted in this work. The 2D1/2 modeling was previously
proposed in gravimetry by Cady [38]. The principle of modeling allows for less
important ratios of main elongation to transverse extension, to take into account
the limit length of the body [39]. The 2D1/2 modeling was performed by select-
ing specific profiles to extract the gravity anomalies for modeling purposes. The
approach involved adjusting a theoretical curve to match the experimental curve
of Bouguer anomalies. The initial model was established based on surface geo-
logical observations [40]. The final model comprised adjacent polygons with

constant density, aiming to generate a modeled curve that closely matched the

Table 1. Structural index for magnetic and gravity sources [33] [34] [37].

Source structural index
Contact 0
Vertical Dyke et sill 0
Vertical cylinder and pipe 1
Sphere 2
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observed values in terms of gravity effects [40]. The most valid model was de-
termined by assessing the correlation between the theoretical curve and the ob-

served data, while also considering geological constraints [40] [41].

5. Results and Interpretations

5.1. Bouguer Gravity Data

The result of the analysis and processing of data from the global gravity model
(XGM2016) led to the Bouguer anomalies (Figure 2) compiled to highlight
Bouguer anomalies with respective interval contours of 5 mGal. It highlights the
distribution of density anomalies of geological structures and contains informa-
tion on discontinuities present in the subsurface, which can be highlighted from
the gradient filters. The qualitative interpretation allows us to divide the area in-
to three zones: 1) anomalies positives area, located in the center with an exten-
sion in the northeast direction towards Adamawa, to the east a little north of
Abang-Mbang and to the northwest near Bafia and Ngoro; 2) anomalies negative
area, located in the south and southeast of the study area. According to the
geology, these negative anomalies are mostly located on metamorphic rocks

such as schists. These geological structures are also located around Yaounde and
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Figure 2. Complete Bouguer anomalies at the spherical harmonic degree of 719 map.
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Mbalmayo and in the Ayos locality. This could be considered as the intrusion of
schists in the investigation area. 3) the gradient areas; the first following the
East-West direction from Abang-Mbang to Yaounde located on the schists and
Gneiss of the Meso to Neoproterozoic unit; the second in the North-East of cir-
cular shape located on the schists and Gneiss of the Meso to Neoproterozoic unit
and Gneiss - Orthogneiss of the Paleoproterozoic.

Bouguer gravity perturbations vary mainly in the range of —106.9 to —25.4
mGal. The negative values in the study area are located on the northern portion
of the Congo Craton. While the strong predominance of positives values is
found on the NE-SW trending Pan-African belt. Bouguer gravity perturbations
are strongly spatially correlated with crustal thickness variations and deeper li-
thospheric structures. Gravity troughs on the Bouguer Congo Craton reflect ei-
ther regional Moho or granite batholiths that may be due to isostatic compensa-
tion of major topographic features. In addition, the NE-SW gradient contrasts

may reflect the existence of the Sanaga Fault already highlighted by [2].

5.2. Upward Continuation of Bouguer Anomalies

In this section, we use the low-pass numerical filter for a multiscale analysis of
the Bouguer anomalies in order to study the behavior of the anomalies of the
subsurface geological structures of the study region with depth. Analysis of the
spatial behavior of anomalies and depth shows the influence of the deep struc-
tures and the contribution of the different formations to the evolution of the
North Equatorial Pan-African Range and the Congo Craton.

Thus, on the Bouguer anomaly map, two major axes of high amplitude ano-
malies are located along the ENE-WSW and NE-SW directions representing re-
spectively the Ntui anomaly and the Sanaga fault. A little further south, gradient
contrasts of almost E-W direction are located and mark the northern transition
zone between the Congo Craton and the Pan-African Belt. This Bouguer ano-
maly map has been extended upwards to altitudes of 5 km, 10 km, 20 km, 30 km
and 45 km. Analysis of these maps show that the two main axes of positive am-
plitude of the Bouguer anomalies progressively fade with depth towards the west
and northwest. It is easy to see that the positive anomaly that characterizes the
Sanaga Fault fades and disappears at 30 km (Figure 3). This suggests that these
anomalies may have an intracrustal origin. The Bouguer anomalies thus hig-
hlighted, translate here the anomalous character of the densities due to the he-
terogeneity of the geological structures in the crust of the investigated region.
These anomalies observed could be the consequence of geodynamic phenomena
among which the continental collision between the Pan-African Belt and the

Congo Craton according to [2].

5.3. Horizontal Gradient of Bouguer Anomalies

The horizontal gradient map of Bouguer anomalies in the study area shows hori-
zontal contrasts of high and low density amplitudes of various shapes (Figure 4).
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Figure 3. Upward continuation of Bouguer anomaly map at 5 km, 10 km, 20 km, 30 km and 45 km.
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Figure 4. Horizontal gradient of Bouguer anomalies map.

The strong density gradients are observed in area such axis as Mbalmayo,
Yaoundé, Ayos and Abang-Mbang. These horizontal gradients likely repre-
sent the northern edge of the Congo Craton with the Pan-African Belt in the
study area [7]. The strong deformation of this boundary almost in the center
of the map suggests the presence of a thrust from the geological structures of
the Congo Craton on the Pan-African Belt. This area (Figure 4) is the area
where the horizontal gradient contrasts of the northern edge of the CC meet
those of the NE-SW oriented Pan-African belt, marking the path of the Sana-
ga Fault.

Moreover, in the Yoko locality, positive gradient amplitudes are highlighted.
These gradient contrasts are less significant than those located in Yaounde, Ayos
and Abong-Mbang. Overall, the qualitative analysis of the horizontal gradients
shows us the extent to which the subsurface of the investigation area is highly
rugged; the presence of these lineaments, albeit widely spaced due to the resolu-
tion limitations of the XGM 2016 global gravity model data, serves as evidence
that the subsoil of the study area is significantly influenced by geodynamic phe-
nomena. This highlights the need for careful investigation to understand the

underlying causes responsible for these geological features.
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5.4. Vertical Derivative of Bouguer Anomalies

The first vertical derivative map for Bouguer anomaly values illustrates the pre-
valence of sharper contacts of gravity ripples (Figure 5). They highlight the
presence of tectonic faults, intrusions and very important surficial geological
contacts in the subsurface of the study area. These very short wavelength struc-
tures are clearly visible within the gravity field anomaly groups. An analysis of
the map shows that the vertical gradients located in the Yaoundé, Ayos and Ab-
ang-Mbang localities could materialize the boundary between the northern edge
of the Congo Craton and the Pan-African Ridge. This could confirm the termi-
nation of the Sanaga Fault at the boundary of the Northern edge of the Congo

Craton in Southern Cameroon.

5.5. Multiscale Analysis of Bouguer Anomalies Horizontal
Gradient Maxima

In this work, the localized maxima for each anomaly depth were superimposed
(Figure 6) for the lineament plot (Figure 7). Therefore, the lineaments can be
considered as a succession of characteristic lineaments that may be related to the
trend of existing faults in the study area [7] [31] [42].

Application of this method to Bouguer anomaly maps shows that superimposed
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Figure 6. Maxima of horizontal gradients of Bouguer anomalies map.

local maxima form narrow ripples above abrupt changes in density. The beha-
vior and directions of the superimposed maxima give us information about the
orientation and dip of the localized lineaments (Figure 6). The distribution of
maxima along the quasi-linear gradient shape can be interpreted as the intra-
crustal density change [7] [43].

5.6. Mapping of Gravity Lineaments

The superposition of the maxima (Figure 6) obtained from the multiscale analy-
sis of gravity anomalies and superimposed on the gradient contrasts has allowed
us to highlight the tectonic faults contained in the subsurface of the lithosphere
in Cameroon (Figure 7(a) & Figure 7(b)). The results obtained from the
processing of gravity anomalies in the study area confirm and clarify the pattern
of tectonic structures recognized by geological studies [2] [10]. Figure 7(a) &
Figure 7(b) illustrates the main boundaries between zones that exhibit a signifi-
cant density contrast. Among these identified fault segments are the faults (L1,
L5, L8, L15 and L12) running from Abang-Mbang to Ayos with an extension in-
to the Yaounde locality; considered as the lineaments of the northern edge be-
tween the Congo Craton and the Pan-African Belt.

This transition zone has in the past been highlighted through studies on
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Figure 7. (a) Lineaments of Bouguer anomalies map; (b) lineaments superimposed on the horizontal gradient.

lineament mapping in Cameroon [7] [43] [44] and gravity imaging of crustal
structures and their implications for tectonics in the same region [43] using
gravity data. The orientation of the highlighted lineament networks is determined
by the orientation of local maxima that are overlaid with depth information. These

lineaments have been listed in Table 2 with their different orientations.

5.7. Euler Deconvolution of Gravity Data

For the determination of the depths of the geological structures in our study
area, the Euler deconvolution method was used to determine the depths of the
geological structures in the subsurface of the study area (Figure 8). According to
the Bouguer anomaly map, two zones of strong anomaly contrasts are located in
the E-W and NE-SW directions, corresponding respectively to the northern edge
of the Congo Craton and the Sanaga fault.

The low-pass filter was applied to the Bouguer anomalies in order to attenuate
the high frequencies due to surface sources to a depth of 45 km. The anomalies
obtained at this depth were considered in this study as regional anomalies; we
then extracted these anomalies from the gravity field to highlight the residual
anomalies and exploited the latter to establish the Euler deconvolution maps
(Figure 8).

We assigned several values of structural index for the choice of clustering and
extension of Euler sources; a parameter that depends on the geometry of the
source and characterizes the rate of change of the anomaly intensity with dis-
tance. We found that, for a structural index N = 0, a significant clustering of Eu-

ler solutions was obtained.
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In addition, the highlighted Euler deconvolution maps reveal the shallow and
deep contacts and clearly define the depth solutions for the gravity anomalies
respectively. The Euler deconvolution map shows a strong dominance of deep
geological structures located in the transition zone between the Congo Craton
and the Pan-African Ridge; and in the Yoko locality along the ENE-WSW direc-
tion with an extension into the Bafia locality. This map also shows that the
depths of NE-SW geological structures are between 3 km and 11 km. These
structures are limited by a termination at the northern boundary of the Congo
Craton in southern Cameroon (Figure 8).

In this work, the structural characterization of the study area is done in the
Yaounde - Yoko area including the Sanaga Fault. Due to the resolution of the
XGM 2016 global gravity model data used (0.1° x 0.1°), a limited number of li-
neaments, which were widely spaced apart were located (Figure 7(a)). A com-
parative analysis with the Euler deconvolution map shows that the study area is
marked by the presence of geological structures of varying depths marking the
trace of several other structures whose lineaments have not been located; in partic-

ular, those marking the presence of the Sanaga fault until the northern termination
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Figure 8. Euler deconvolution map of Bouguer anomalies. Structural index N = 0; toler-
ance Z = 0 and window 15 km X 15 km. The contour in broken line of brown color indi-
cates the major direction of geological structures marking the trace of Sanaga fault.
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with the Congo Craton. This could be due to the different digital filters used go-

verning each method used. The characteristic orientation of the different gravity

lineament segments has been located are listed in Table 2.

The rose of representative diagrams was highlighted in order to locate the di-

rections and orientations of the localized gravity lineaments (Figure 9).

The lineaments thus highlighted reveal that the subsurface of the study area is

characterized by unknown intracrustal geodynamic processes given the seismic

Table 2. Characteristic orientation of the different segments of gravimetric lineaments.

Lineaments Directions Lineaments Directions  Lineaments  Directions
F1 N90°E F8 N67.5°E F15 N9O°E
F2 N78.75°E F9 N67.5°E F16 N78.75°E
F3 N33.75°E F10 N67.5°E F17 N168.75°E
F4 N67.5°E F11 N67.5°E F18 N45°E
F5 N135°E F12 N135°E F19 N33.75°E
Fe6 N135°E F13 N56.25°E
F7 N90°E F14 N101.25°E
Rose Diagram
o
12
s - R
8
270 90

Figure 9. Rose diagram of gravity lineaments revealed by this work.
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activities already recorded in the area; in agreement with the hypothesis of [5]
and the results of the work of [45]. In the Yaounde locality, a little further south,
the lineaments (F11 and F15) located represent the trace of the northern edge of
the Congo Craton with the Pan-African Range. In the northern part of the study
area, specifically in the locality of Yoko, several lineaments (F1, F8, F14, and F2)
are observed, aligning with the tectonic fault indicated by the geological investi-
gations (Figure 7(a) & Figure 7(b)). In comparison with the geological para-
meters, these localized lineaments are entirely located on Neoproterozoic grani-
toids (Figure 1). As for the Sanaga Fault, as localized by geological works, the
trace of this tectonic accident is also localized in this work by the NE-SW trend-
ing lineament F19 located on the Gneiss and micaschists, schists and granitoids
(Figure 1). Overall, the localized lineaments are evidence that the subsurface of

the investigation area is constantly active.

5.8.2D1/2 Modeling of Gravity Data

5.8.1. Choice of Profiles and Depths of Investigation

The 2D1/2 modeling is done in this work in order to characterize the geometry
of the Yaoundé -Yoko basement. The modeling approach employed in this study
involves representing the structures as prisms with polygonal cross-sections and
infinite elongation. This approach is based on the initial assumption of these
structures. In cases where the transverse extension ratios are small, the direct
2D1/2 modeling method considers the limited length of the geological body [39].
Between these two localities, two large extensions of major positive anomalies
are located, the first in the center following the NE-SW direction which, accord-
ing to geology, marks the presence of the Sanaga fault. The second is north of
Ntui, indicating the presence of a rock intrusion. However, we chose five profiles
(AA’, BB, CC, DD’ and EE’) with a North-South direction (Figure 10), crossing
these two localities and also including the anomalies characteristic of the Sanaga
Fault. Furthermore, the choice of the depth of investigation was made following
the qualitative analysis from the upward extension. We took into account the
observations made during the multiscale analysis of the Bouguer anomalies
(Figure 4) which shows us that the strong contrasts of characteristic anomalies
of the Sanaga Fault with depth disappear at 30 - 40 km. For our models, the
depth of investigation was set at 45 km. The selection of the depth in our study
was determined through a qualitative analysis, particularly by extending up-
wards. In the study region, the depth of the Moho, which represents the boun-
dary between the crust and mantle, has been estimated at 43 km [46] and 40 km
[40]. For our modeling purposes, we fixed this depth at 45km within the mantle.

5.8.2. Choice of Densities and Contrasts

We have seen during the analysis that a heavy anomaly (positive) denotes the
existence at depth of materials denser than normal and that a light anomaly
characterizes at depth materials less dense than normal. In this section, our focus

is solely on the density of rocks incorporated in our models [47]. The final model
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Figure 10. Bouguer anomaly map showing profile positions.

was derived by adjusting the volume of density blocks representing geological
structures. Only contrast values that resulted in the best match between the cal-
culated theoretical curve and the experimental curve were considered for density
determination. These contrasts are calculated with respect to a density do = 2.67
g/cm’® taken as reference which is in principle that of the earth’s crust. Figures
11-15 illustrate the results of the models thus highlighted.

5.8.3. Models Gravity Data Interpretation

The interpretation here is done along five gravity profiles (AA’, BB’, CC’, DD’
and EE’), oriented S-N, all almost perpendicular to the Bouguer anomaly con-
tours and a length of about 157 km. These gravity profiles are plotted from the
Bouguer anomaly map and used to build the 2D1/2 models (Figures 11-15).
From our models, 8 blocks of geological structures of different densities were
located; except for the CC’ profile, which presents 7 blocks of different densities.
The models (Figures 11-15) reveal that the positive anomaly located on the Sa-
naga fault reflects the anomalous character due to the presence of the Schist in-
trusion in the basement. North of Ntui, the basement is characterized by the

presence of granulite rocks, granites and the intrusion of Gneiss (Figure 1).
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South of the profiles, the models show an outcrop of the Congo Craton crust.
The border of this crust with the Pan-African Range, marks the presence of two
constraints: 1) the N-W thrust of the shale from the North Equatorial Pan-
African Range by the Congo Craton (Figure 11 and Figure 12); 2) and the
thrust of the cratonic crust by the Pan-African Range (Figure 12, Figure 14 and
Figure 15). The faulted contacts (CCL) So’o schists-granite (Congo Craton),
So’o sandstone-granite (Congo Craton) with strong density contrast are respon-
sible for the strong gradient observed on all profiles and mark the discontinuity
between the Pan-African Range and the Congo Craton.

In the locality of Yoko, the main formation is that associated with the Syntec-
tonic granites. It outcrops and is in contact with the gneiss. It is responsible for
the relative minimum anomaly observed to the north of the profile. Moreover,
we note quasi-oscillatory variations in the density contrast of the bedrock
(gneiss, granulites, granits) in relation to the host (crust) on all models. These
variations have confirmed the heterogeneity of the bedrock and the thinning of
the bedrock. This heterogeneity would be due to the upwelling of denser mate-

rials from the upper mantle into the crust. We observe an overflow of the
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Pan-African chain formations (sandstones, shales) on those of the Congo Craton
(So’o granites).

Overall, the 2D1/2 models also show that the subsurface of the Yaounde -
Yoko area are characterized by a variety of geological structures of different den-
sities reflecting a complex geodynamic context. This observation highlights the
significance of recognizing that the subsoil in the study area may potentially host
multiple geodynamic mechanisms, likely originating from the mantle.

6. Discussion

In this study the subsurface of Yaounde - Yoko area for structural characteriza-
tion of the subsurface. First, as results, some lineament networks are highlighted
from the multi-scale analysis of anomalies and gradient contrasts of the global
gravity model XGM2016 for extensional altitudes up to 35 km. Important geo-
physical investigations have been directed in the structural analysis of the Came-
roonian basement [2] [7] [43] [44] in order to propose the directions of its tectonic
faults. The results of the studies by these authors have led to the structuring of a set
and main litho-tectonic units on the Pan-African Range and the cratonic part;
these are: the Central Cameroon Shear (CCC), the Foumban-Tibati-Banyo fault
(FFTB) [7] which is a ductile fault [4] [5] [45], the Bétaré-Oya Fault (BOF)
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which is a ductile-fragile fault and the Sanaga Fault [45]. The lineaments located
in this work confirm the presence of some structural features already located in
the past. In the study area, the structural trace of the Sanaga fault was located by
[2]. The lineaments thus located in this work, confirm the emplacement of the
Sanaga fault; in agreement with [5] on the Sanaga Fault activity.

The work of [2] [10] in the study of the geodynamics of the Pan-African
Range showed that the northern edge of the Congo Craton in the southern part
of Cameroon is the result of a continental collision. This could explain the pres-
ence of gradient contrasts in the Abong-Mbang locality in the direction of
Yaoundé, also involving that characterizing the Sanaga fault. According to the
Euler deconvolution map, the Sanaga Fault is located between two linear arrays
of deep geological structures and would be permanently subjected to compres-
sive stress; this could be in agreement with the hypothesis of [5] who revealed
that the Sanaga Fault is active due to geodynamic stress.

In addition, work on the Source characterization and tectonic implications of
the M4.6 Monatélé (Cameroon) earthquake of 19 March 2005 by [39], analyzed
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broadband seismograms recorded by the Cameroon regional network to locate
the event and determine the source mechanism in the area. Correlation of the
seismicity with gravity data allowed us to study the seismotectonic implications
and show that the epicenter is located near the northeast segment of the Sanaga
Fault; with an intra-crustal focal depth of 11 km [39]. The investigation on the
imaging of the crustal structures of the basement of South Cameroon and their
implications on tectonics from qualitative and quantitative approaches allowed
to characterize the crustal structures in this region and to trace the evolution of
the Congo Craton [43]. Also, mapping of the tectonic lineaments of Cameroon
from potential field data [7] have allowed for the global structuring of characte-
ristic tectonic faults in the subsurface. This work has allowed us to understand
that the geological structures of the basement of Yaounde, Yoko area in Sud-
Cameroon are affected by tectonic activities where the processes responsible for
them are still poorly understood. The results obtained in this work are in agree-

ment with the results of these authors.
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Figure 15. Illustration model profil EE’; 1. Lower crust d1 = 2.9 g/cm?® 2. Gneiss d2 = 2.8 g/cm?; 3. Schistes d3 = 2.7 g/cm’; 4.
Crust granites de So’o (Congo Craton) d4 = 2.6; 5. Sedimentary rock d5 = 2 g/cm? 6. Granites Syntectonics d6 = 2.67 g/cm’. 7.
Granulites d7 = 2.64 g/cm® 10. Greés d10 = 2.35 g/cm’.

Secondly, 2D1/2 modeling of the subsurface geological structures of the
Yaounde - Yoko localities was done in order to characterize the intracrustal
geometry of the area. These models show that the basement of the study area is
characterized by a number of geological structures of different densities. These
structures present complex shapes marking the trace of geodynamic processes
responsible for their deformations. In the area where the Sanaga Fault is located,
a shale intrusion has been located. The geology of the study area shows us a spa-
tial distribution of this structure in the subsurface of this area. Thus our pro-
posed models are in agreement with the geology of the investigated area and in-
tegrate the presence of geological structures already evidenced by geological
works.

The analysis of anomalies derived from the global gravity model (XGM2016)
indicates that the basement, which includes the Sanaga fault near Yaounde-Yoko
in Southern Cameroon, exhibits intricate gravity patterns. However, the resolu-
tion of the XGM2016 data limits the identification of lineaments in the region.

Nevertheless, the presence of complex gravity gradients suggests that localized

DOI: 10.4236/0jg.2023.137027

645 Open Journal of Geology


https://doi.org/10.4236/ojg.2023.137027

M. P. Marcelin et al.

geological structures in the basement are continually influenced by various geo-
dynamic forces and constraints. This corroborates the results of [5] who showed

that the Sanaga fault is active; in accordance with work of Ngatchou [48].

7. Conclusions

In this work, data from the XGM2016 global gravity model are used to investi-
gate the subsurface of Yaoundé - Yoko. The main objective was to investigate the
basement of these localities in order to locate the characteristic tectonic faults in
the study area. For the analysis, several transformation methods such as upward
extension, vertical and horizontal gradients were exploited for a qualitative
analysis of the Bouguer anomalies and their gradient contrasts. The qualitative
interpretation of the Bouguer anomalies revealed that the investigation area is
characterized by two major axes of anomalies along the ENE-WSW and NE-SW
directions. A correlation of these anomalies with the geology of the study area
shows that the major positive NE-SW trending anomalies may correspond to the
Sanaga Fault.

For the quantitative analysis, the Euler deconvolution method is used to high-
light the spatial distribution of the depths of geological structures in the study
area. In addition, a multiscale analysis of Bouguer anomalies and their gradients
was performed to map the tectonic faults characteristic of the basement in the
investigation area. As a result, considering the sampling step of the data, the li-
neaments thus located show less importance. However, from this map, it was
possible to identify the structural features representing the northern limit of the
Congo Craton with the Pan-African Chain; located between Abong-Mbang and
Ayos, going towards Yaounde in an East-West direction. Through the study of
the basement structures of the Pan-African Range in the region, the conti-
nent-to-continent collision model involving the Congo Craton and the active
edge of north-central Cameroon showing Archean to Paleoproterozoic legacies
was proposed [2].

This collision phenomenon could be one of the factors responsible for the
strong presence of gravity lineaments and discontinuities observed in particular
the Sanaga Fault (SF) as well as those of the northern and western edges between
the Pan-African Range and the Congo Craton. Five N-S profiles were chosen for
the 2D1/2 modeling. The results thus obtained highlight the presence of eight
geological structures of different densities; among which the granulite and gra-
nitic intrusions are to the north of the profiles and the schist intrusion is to the
south of the profiles. Our models also highlight a fracture (So’o schist-granite
contact) located to the south that seems to have favored on the one hand the
thrust of the geological structures of the Pan-African Range outcropping by the
So’o cratonic granites; and on the other hand the thrust and ascent of the
Pan-African Range on the granites of the Congo Craton. Moreover, the qua-
si-oscillatory variations of the density contrast of the bedrock (gneiss, granulites,

So’o granites) with respect to the surrounding material (crust) on all the models
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are highlighted and thus confirm the heterogeneity of the bedrock and the de-
formation of the structures at the base due to the upwelling of denser materials
from the upper mantle into the crust. It also shows that the localized geological
structures are permanently subjected to several geodynamic constraints at the

origin of the activities of the Sanaga fault.
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