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Abstract

The Bamiléké Plateau represents a key domain in the understanding of the ge-
odynamics associated with the central Cameroon shear. The study aimed to
highlight the subsurface architecture of the plateaus basement setting with fo-
cus on high potential areas for hydrogeological and mining development pro-
jects. To this end, geological field observations were carried out. Since the
structures sought were near-surface, a separation approach based on the up-
ward continuation method was applied to the Bouguer anomaly grid. A set of
processing techniques, including vertical derivative or DZ analytical signal or
SA and categorization of gravity signatures, was applied to generate the resid-
ual map. The synthesis geological model, obtained from analysis and interpre-
tation of the various transformed maps and 2.5.D modeling of two gravity pro-
files P1 and P2 highlights the following features: 1) intrusions of steep-sided
granitic batholiths from Dschang to Bandjoun (profile P1), increasing in width
from NW (Dschang) to SE (Bandjoun); 2) larger volume batholiths with mod-
erate sides located at Bafang and Bangangté (profile P1). These plutonic massifs
were weakened by brittle deformation, which favored the emplacement of pho-
nolite or anorthosite dykes within them. The emplacement of these dykes was
accompanied by compressional faults with high dip between Dschang and
Bandjoun and extensional faults with medium dip between Bafang and
Bangangté. These fault zones (trending N85E to N95E) are ideal for hydroge-
ological investigations in a basement setting, as well as a series of dyke networks
that could potentially be preferred zones for the circulation and accumulation
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of useful substances. The resulting geological sections P1 and P2 highlight the
influence of granitic intrusions in the geological system of the study area, as
well as the structural control associated with the various dyke intrusions. All
the models obtained can serve as fundamental references for hydrogeological
and mining exploration project on the Bamiléké Plateau.
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1. Introduction

The Bamiléké Plateau is a vast, very rugged topographical area in western Came-
roon, marked by a mountainous landscape dominantly developed on volcanic
rocks cover overlaying an ancient bedrock that has undergone major tectonic
movements during the Pan-African orogeny (Nguiessi Tchankam et al., 1997;
Djouka-Fonkwe et al., 2008; Kwékam et al., 2010, 2015, 2020a, 2020b; Fozing et
al., 2021). The current geomorphologic signature of the Bamiléké Plateau can be
attributed to relatively recent volcanism, characterized by large volcanic cones
such as Mont Bambouto. These volcanic formations, dominantly consist of plat-
eau and flow basalts, are responsible for the imposing Bamiléké Plateau, which
ranges in altitudes from 1200 to 1400 m in the study area but culminating at 2,000
m at the summit of Mont Bambouto. The tectonic forces responsible for the plat-
eau’s internal geodynamics would have led to the development of the lineaments
(faults, shear zones ...). Petrographic work of various types including pedologic
(Sojien et al., 2018; Mathieu et al., 2012), volcanic (Nkouathio et al., 2008;
Ngongang Tchikankou et al., 2020), plutonic and metamorphic petrology as well
as structural studies (Njiekak et al., 2008; Kwékam et al., 2010, 2020a; Tcheu-
menak Kouémo et al., 2014, 2023) have been carried out in this area. Field map-
ping and structural studies are seriously hindered in this region by the presence
of thick lateritic cover from weathering of basalts rock overlaying basement rocks.
High-resolution airborne geophysical data have become an indispensable tool for
underground geological mapping. Indeed, several studies (O’Leary et al., 1976;
Yatabe & Howarth, 1984; Soesilo & Hoppin, 1986) have emphasized the signifi-
cance of investigating geological lineaments and their role in characterizing struc-
tural features such as faults, fractures, fold axes and lithological contacts. The
topographic depressions and structural features mentioned earlier may serve as
groundwater flow pathways as well as potential mineralization corridors. In
Cameroon, several authors have employed geophysics as an investigative tool
(Poudjom-Djomani et al., 1996; Kenfack et al., 2011; Koumetio et al., 2012;
Ndikum et al., 2017, 2019; Abate Essi et al., 2017, 2018, 2019; Fofie et al., 2019;
Ndam Njikam et al., 2022, 2023). The underground of the Bamiléké Plateau
through detailed geophysical data is poorly known. This gap in knowledge offers

a compelling reason for the scientific community to analyze its subsurface
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geological and gravity data.

This study aims to conduct geophysical investigations by applying horizontal
gradient, vertical derivative, analytical signal, spectral analysis and 2.5D inversion
modeling on gravity data grids in order to develop a lithostructural synthesis
model that will help in understanding the underground geometry of the Came-
roon Line. It can also be used as a foundational document for hydrogeological or

mining investigations in the West Cameroon region.

2. Geological and Tectonic Setting

2.1. The Pan-African Belt in Cameroon

The Pan-African Central African Fold Belt (CAFB) in Cameroon (Penaye et al.,
1993; Toteu et al., 2001) is a vast domain limited to the west by the West African
Craton and to the south by the Congo Craton. It extends into northeastern Brazil
in the province of Borborema, where it forms the Pan-African-Brazilian Belt (Al-
meida et al., 1981; Brito de Neves et al., 2002) or Sergipano chain (Davison & San-
tos, 1989). It is considered as the northeastward extension of the Brasiliano belts
in Brazil. (Almeida et al., 1981; Brito Neves et al., 2002). The CAFB is connected
to the Neoproterozoic Brazilian fold belt (Brito de Neves et al., 2002; Cordani et
al., 2003) as demonstrated by Caby et al. (Figure 1(a)). It results from a continent-
continent collision involving the West African Craton, the Congo and Sao Fran-
cisco Cratons, and the Latea and Saharan Metacratons (Abdelsalam et al., 2002;
Liégeois et al., 2003, 2013; Pouclet et al., 2006). The Cameroon domain of the
CAFB results from in a continent-continent collision involving the West African
Craton, the Saharan Metacratons, the Congo Craton and the active edge of north-
central Cameroon showing Archean to Paleoproterozoic legacies (Toteu et al.,
2004). According to Njanko et al. (2010), Pan-African tectonic evolution in the
Cameroon is characterized by large-scale shear zones, such as the Adamawa Shear
Zone (ASZ) and the Tcholliré-Banyo Fault (TBF), which transposed early struc-
tures (Figure 1(b)). The CAFB is characterized by three units: 1) a cratonic unit
in the south (northern part of the Congo Craton); 2) a Pan-African metacratonic
unit in the center and 3) a non-metacratonic unit in the north. (Liégeois et al.,
2013).

The Pan-African cratonic and non-cratonic units are separated by the Central
Cameroon Shear (CCSZ), which forms the transition zone between the two units
(Tcheumenak Kouémo, 2018). According to geophysical data from Poudjom
Djomani et al. (1995), the crustal thickness contour map shows thickness variation
from 14 km to about 45 km, with lower (14 - 20 km) and highest (>20 km) values
observed in the central Cameroon and southern Cameroon.

The synthesis of lithostructural data on the CAFB in Cameroon has enabled
several authors to propose its subdivision into three lithotectonic domains
(Nzenti, 1998; Nzenti et al., 1999; Ngnotué et al., 2000; Toteu et al., 2001; Njanko
et al. 2006): a northern, a Central and a southern domain whose limits are defined
by Toteu et al. (2001).
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Figure 1. (a) Pre-drift reconstruction. (b) Geological map of Cameroon showing the major lithotectonic domains
(after Njanko et al., 2010). ASZ: Adamawa shear zone; CCSZ: Central Cameroon shear zone; GCSZ: Gode’-
Gormaya shear zone; MNSZ: Mayo Nolti shear zone; Pa: Patos shear zone; Pe: Pernambuc shear zone; RLSZ:
Rocher du Loup shear zone; SF: Sanaga fault; TBF: Tcholliré-Banyo fault.
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The Central domain or Adamawa-Yade domain (Toteu et al., 2004), to which
the study area belongs, is separated from the Northern domain by the Tcholliré-
Banyo shear (CBS) and from the Southern domain by the Sanaga fault (SF). It is
characterized by the presence of major strike-slip faults such as the CCSZ (Central
Cameroon Shear Zone), which is a N70°E ductile fault that trends N30E-N50E
(Ngako et al., 2003, 2008; Julios et al., 2020; Achu Megnemo et al., 2021; Sobze
Yemdji et al., 2023; Tcheumenak Kouémo et al., 2014, 2023, 2024) and the Sanaga
Fault (SF), a brittle fault (Toteu et al., 2004). The SF shows a sinistral sense of
movement while the CCSZ shows a dextral sense of movement (Ngako et al., 2003,
2008). This domain includes Paleoproterozoic metasediments and orthogneisses
intruded by Pan-African syn- to late-tectonic granitoids of crustal or mixed origin
(Toteu et al., 2008).

2.2. Geology of the Area

The study area (Figure 2) lies between longitudes 10°00' - 10°35'E, and latitudes
05°05' - 05°45'N and covers an area of 2209 km? within the Bamiléké Plateau,
which extends between longitudes 09°44' - 10°33'E, and latitudes 04°10' - 05°56'N
in western Cameroon. The Bamiléké Plateau belongs to the West Cameroon
Highlands, located both on the N50E branch of the central Cameroon shear zone
(CCSZ), whose rocks form the bedrock, and on the Cameroon Volcanic Line
(CVL), whose rocks form the volcanic covers. The CVL is a N20E-N30E Cenozoic
corridor displaying volcanic rocks extruding the Neoproterozoic Pan-African
granito-gneissic basement (Djouka-Fonkw¢ et al., 2008; Kwékam et al., 2010). The
predominant rock types in this area consist mainly of volcanic formations, pri-
marily basalts overlaying on a granite-gneiss bedrock. (Tchouankoué, 1992; Ka-
gou Dongmo et al., 2010) (Figure 2). Basalts in the region have two possible ori-
gins: They may originate from an asthenospheric source beneath the sub-conti-
nental lithosphere (Halliday et al., 1988; Sato et al., 1990), or from amphibole-
bearing lithospheric mantle (Marzoli et al., 2000). These volcanic rocks are either
subalkaline tholeiite basalt dykes Paleozoic in Dschang, Baham and Bafoussam
(420 Ma Tchouankoue et al., 2012, 2014) or Cenozoic to recent magmatic rocks
intersecting the basement rocks. The Cenozoic to recent magmatic rocks are con-
sidered as intra-plate magmatism developed in a rift context related to the open-
ing of the South Atlantic Ocean (Tchouankoue et al., 2014). These are made up of
anorogenic complexes (e.g., Nda Ali massif; Nkogam massif) as well as volcanic
cones such as Mt Bambouto, Mt Mbapit (Wandji et al., 2008), Mt Bana (Kuepouo
et al., 2006), Mt Bangou (Fosso et al., 2005) along with flow basalts. These rocks
exhibit a variety of chemical affinities, including alkaline (Tchuimegnie Ngongang
et al., 2015), transitional (Fosso et al., 2005) and tholeiitic (Kuepouo et al., 2006).

The CVL is superposed to the Pan-African Central African Fold Belt (CAFB)
in Cameroon (Penaye et al., 1993; Toteu et al., 2001), especially to N30E-N50E
branch of the CCSZ. Detailed geological investigations along this CCSZ branch
indicate N50E trending syn-tectonic Pan-African granitoids consistent with the
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CCSZ NE-SW trend, whose emplacement was controlled by the kinematic evolu-
tion of the CCSZ (Njiekak et al., 2008; Djouka-Fonkwé et al., 2008; Fozing et al.,
2021; Kwékam et al., 2010, 2020a, 2020b; Tcheumenak Kouémo et al., 2014, 2023).
They display dominant calc-alkaline affinity, potassic to shoshonitic (Nguiessi-
Tchankam et al., 1997; Tagne-Kamga et al., 2003; Kwékam et al., 2010, 2013) and
are generally elongated and aligned in a NE-SW direction, which is consistent with
their contemporaneous emplacement within the CCSZ (Ngako, 1999; Tcheumenak
Kouémo et al., 2014, 2023; Julios et al., 2020; Achu Megnemo et al., 2021).
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Figure 2. Geological map of the study area (Dumort, 1968, modified by Kwékam et al.,
2013. 1: Plio-quaternary volcano-plutonism, Cenozoic; 2: Volcano-plutonism, Cenozoic; 3:
Biotite, biotite and amphibole gneiss, Poli-West Cameroon Group; 4: Syn- to late-tectonic
granitoids, Neoproterozoic; 5: Pre- to syn-tectonic granitoids, Neoproterozoic; 6: Faults).

The gneissic basement in the area is Paleoproterozoic to Neoproterozoic in age
with a reported age of around 2100 Ma (Toteu et al., 2001; Penaye et al., 1993)
orthoderived in the Tonga (Tanko Njiosseu et al., 2005), Dschang and Fomopéa
(Kwékam et al., 2010, 2020a) to paraderived (in the Kékem locality, Toteu et al,,
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2004; Tchaptchet Tchato et al, 2009; Penaye et al., 1993; Tcheumenak Kouémo et
al., 2023). Furthermore, it has been metamorphosed to granulite facies (Tchaptchet
Tchato et al., 2009; Tcheumenak Kouémo et al., 2023) and contains amphibolitic
xenoliths (Fozing et al., 2019, 2021; Tcheumenak Kouémo et al., 2023). These gneiss
are remobilized and dislocated along Cameroon mobile zone by the CCSZ (Ngako
et al., 2003; Njiekak et al., 2008; Njonfang et al., 2008; Tcheumenak Kouémo et al.,
2023). The above Pan-African plutonic and metamorphic basement recorded three
main tectonic deformation phases: 1) a D phase dated 622 - 613 Ma (U-Pb on zir-
con), 2) a D, phase dated 613 - 585 (U-Pb on zircon, Kwékam et al., 2010, 2020a,
2020b, 2021) and 3) a D; phase dated 580 - 552 Ma (Djouka-Nfonkw¢ et al., 2008;
Tchaptchet Tchato et al., 2009; Kwékam et al., 2020a, 2020b).

3. Data and Processing Methodology
3.1. Data

Gravity data derived from the EGM2008 Earth gravity model, which is provided
by the National Geospatial Intelligence Agency were used in this study. The
EGM2008 model integrates terrestrial, maritime, airborne gravity data and data
derived from satellite altimetry with a resolution of 5 minutes (Pavlis et al., 2008,
2012). It offers excellent spatial resolution for regional studies, addressing the
challenge of limited or even absent field data a (Abate Essi et al., 2017, 2019; Zela-
lem et al., 2018; Maurice et al., 2023).
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Figure 3. (a) Distribution of gravity points; (b) Bouguer anomaly map.
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Bouguer corrections were conducted by BGI and Bouguer anomalies were cal-
culated from spherical harmonic coefficients using FA2BOUG software (Fullea et
al., 2008) on an average grid with a resolution of 2.5 minutes by 2.5 minutes. Topo-
graphic correction was performed using ETOPO1 digital elevation data (Amante
& Eakins, 2008; Balmino et al., 2011). The density reduction for the Bouguer
anomaly used was 2.67 g/cm’. Figure 3(a) and Figure 3(b) show, respectively, the
distribution of gravity measurement points and the Bouguer anomaly map used.

3.2. Processing Methodology

3.2.1. Geological Field Work

The aim of the geological fieldwork carried out in this study is to obtain a set of
geological data on which to base the processing and interpretation of the gravity
data. Field works were carried out during dry season during which exposures are
easily accessed. In the field, petrographic, structural data including foliation, lin-
eation, folds, boudins, and fractures were observed and described. Location of
rock types and structural features were done during field studies using a global
positioning system. The strikes and dips or plunges of structural features were
measured using compass and clinometer. Their geometric analyses allow for clas-
sification. These field petrographic and structural data recorded in Dschang,
Bafoussam, Bansoa, Bamendjou, Fangam, Fotouni, Fondjomekwet, Bandja, Batié,

Kékem, were used for gravimetric maps and cross sections validation.

3.2.2. Gravity, Spectral Analysis, Vertical Derivative

The objective of the gravity analysis conducted in this study includes spectral anal-
ysis, vertical derivative calculation, upward continuation, regional - residual sep-
aration, analytical signal computation and 2.5D inversion. These processing and
interpretation methods aim to extract fundamental structural information to un-
derstand the underground geometry of the Bamiléké Plateau and also support hy-
drogeological and mining investigation projects in this area.

Gravity anomalies can be effectively processed as a spatial series for Fourier
synthesis and analysis without affecting the intrinsic appearance of the anomalies
(Pal et al., 1979; Reeves, 2005). Spectral analysis does not require a priori
knowledge of the geometry or density contrast of the bodies responsible for the
observed anomalies. It simply requires the study of spectral energy as a function
of wavelength (Saada, 2016; Emishaw et al., 2017; Maurice et al., 2023; Ndam
Njikam et al., 2023). Near-surface sources will produce a flatter power spectrum,
while deeper sources will give a steeper power spectrum (Pal et al., 1979; Reeves,
2005). Spectral analysis can be performed in 2D or 3D and the depth (A) of an
interface can be obtained using Gérard and Griveau (1972) formula given by
Equation (1).

h=A(LogE)/4xnA(n) (1)

where Erepresents the energy spectrum; A(LOgE) is the variation of the loga-
rithm of the energy spectrum in the frequency interval A(n) .
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The vertical derivative filter enhances the influence of shallow sources while
attenuating the impact of deep sources, thereby concentrating the anomaly and
facilitating a more precise delineation of its geometric boundaries (Blakely &
Simpson, 1986; Mounir et al., 2012). Specifically, it amplifies shorter wavelengths
and individualizes geological bodies in the near subsurface. The n-order vertical

derivative operator is given by Equation (2).
(Ooy), =( ki +K]) @

3.2.3. Upward Continuation (UC) and Regional-Residual Separation

The upward continuation (UC) method enables to track the subsurface body's
evolution and provides an estimation of its depth extent (Jacobsen, 1987; Koume-
tio et al., 2012). According to Koumetio et al. (2012), for an upward continuation
at a given altitude /A, the depth Z of the magnetic or gravimetric anomaly source
obtained is greater than or equal to half of /A (Equation (3)).

Z>H/2 (3)

UC is widely employed in various studies as a regional-residual separation
method (Zelalem et al., 2018; Arséne et al., 2019; Maurice et al., 2023). Here, it is
used to calculate a regional grid by simply extending it upwards to an altitude (H)
set by the geophysicist given Equation (4) as follows:

Residual field = Field of origin —Regional field (4)

3.2.4. Analytical Signal (AS)

The analytical signal method is highly effective in highlighting intrusions or con-
tacts zones. Numerous studies employ this approach not only for structural inter-
pretation, but also to highlight zones of formation under cover. (Arséne et al.,
2019; Maurice et al., 2023). It is a function of the horizontal (along xand along y)

and the vertical (along z) derivative given by Equation (5):
2 2 2
AsA(x,y) = || O] [y ) ot (ey) 5)
oX oy oz

3.2.5. 2.5D Inversion

2.5Dmodeling consists in searching for a subsurface model that best reproduces

the anomaly observed on the surface, i.e., a model taken in the sense of a partic-
ular discrete distribution of densities, magnetizations or resistivities at depth
(Kpirgbéne et al., 2016). In the context of gravity anomalies, 2.50 modeling in-
volves restricting the infinite field of potential models to a finite, or at least
bounded, set of geologically acceptable models. The practice of interpreting po-
tential data using modeling software has a long history, with GM-SYS, developed
by Geosoft, emerging as one of the most widely employed software packages for
such tasks (Emishaw et al., 2017; Zelalem et al., 2018; Arséne et al., 2019; Abate
Essietal., 2019; Ndam Njikam et al., 2023) GM-SYS provides an optimal platform
for 2.5D modeling.
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The approaches used by GM-SYS to calculate the response of a gravity model
are based on the methods of Talwani et al. (1959) and Talwani and Heirtzler
(1964), and utilize the algorithms as described by Won and Bevis (1987). Typi-
cally, an initially infinite polygon with “n” sides (2D model) is iteratively adjusted
to match the collected data (smoothing). In the method developed by Talwani et
al. (1959) by Talwani & Heirtzler (1964), the lateral extension of the polygon is no
longer infinite and the model is said to be two-and-a-half-dimensional (2.5D).
The mathematical expression for a 2.5D polygon was developed by Shuey &
Pasquale (1973) (Equation (6)). To adapt the model’s theoretical curve to that of
the measured data, the polygon geometry is progressively modified, either manu-
ally or by successive iterations (semi-automatic mode) using the non-linear least
squares method (Powell, 1965).

. a U +Y o uY
By(m =—2ij2(tan 10~ tan 1ﬁj (6)

il it
where xis the profile axis, zthe vertical axis and Y'the axis orthogonal to the other

two; Jis the magnetization of the body under consideration; zand ware the fre-

quencies of the source signal.

Ri:,/(uf+wiz+Y2); ri+1:4l(ui2+1+V\/iz); W, =—sin@,x +cosB.x, , et

U; =CosJ; %, +sind,;z; .

PN+l

To model the subsurface of the study area, two cross-section P1 and P2 inter-
secting the maximum geological structures (with orientations ranging from NNE-
SSW, NE-SW to ESE-WNW) were chosen. Furthermore, we chosed profiles Pl
and 22 to intersect the CVL and within the Bamendjou zone, aligning with the
primary geological facies already identified through previous observations.

Since the investigated features of interest were near-surface, a regional-residual
separation approach was applied to the Bouguer anomaly data using the up-dip
separation method, coupled with spectral analysis. The residual data from the
above highlights anomalies between the surface and an average maximum depth
reference for discontinuities studies. A series of processing operations were then
applied to the residual grid (vertical derivative, analytical signal or SA and cate-
gorisation of gravity signatures). Analysis of the vertical derivative map reveals
structural pattern that may indicate faults directions and depths affecting the un-
derground geological organization in the study area. Finally, results of gravitric
investigations, the categorisation of the gravity signatures and field observations

enabled to draw a geological synthesis model of the Bamiléké Plateau.

4. Results and Discussion
4.1. Geological Field Work

The geological data collected during fieldwork primarily comprise petrographic
and structural information, as depicted in Figure 4. Generally, the study area is

characterized by an extensive soil cover, which can be attributed to the significant
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weathering of the local geological formations. This alteration is justified not only
by the study area location in the Bamiléké Plateau, but also by its geomorphology,
which accentuates the phenomenon of weathering (Figure 4(a)). Several factors
have contributed to soil formation, including geological nature of the bedrock, to

which relief and topography are linked.

Figure 4. (a) Bamiléké plateau panoramic view; (b) Basaltic prism in Fangam; (c) Basaltic prism in
Fotouni; (d) Basaltic prism in Bamendjou; (e) Fresh basalt sample; (f) Fresh granite outcrop in Bansoa;
(g) Vein of quartz-feldspar in granite outcrop; (h) Weathered/fresh basalt samples; (i) Fresh granite sam-
ple; (j) Boudinated clear band of gneiss; (k) Lateritic sample; (1) Lateritic cover; (m) Example of soil profile
observed in trenche representing the different horizons A, B and C.
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Recent basalts are limited to a small geographic area, specifically in Baleng and
Foumbot. These basalts are scoriaceous in nature, appearing dark gray to black,
often with bubbly and very glassy texture sometimes rich in olivine, but without
feldspars, with numerous pyroclastic products: boulders, bombs, lapillis and poz-
zolans, all of which can form real formations and are characteristic of Vulcan-type
eruptions.

In contrast, ancient basalts are Hawaiian-type flows and represent the most
widespread dynamism in the study area (Figures 4(b)-(d) and Figure 4(e)). These
basalts dominantly composed of olivine and pyroxene which outcrop as blocks
and prisms of up to 30 m height in quarries in the localities of Bafoussam, Baham,
Bamendjou, Bandjoun, Bangangté, Dschang, Fangam, Fotouni and Mbouda (Fig-
ure 4(b), Figure 4(c) and Figure 4(d)). The basalts encountered are dark in color
with a reddish-yellow weathering patina. They mostly display microlitic or por-
phyritic microlitic texture, as illustrated in Figure 4(e). However, some few vol-
canic rocks of basaltic composition displaying pyroclastic textures, including poz-
zolans, found in Bafoussam (Baleng). These pyroclastic matirials appear in shades
ranging from black to brown and consist predominantly of amorphous volcanic
glass.

The basement geological formations in the study area are plutono-metamor-
phic rocks including granites and gneisses. Biotite granite, the most common type,
dominantly outcrop in the southern and central domaines of the study area, where
they occur as blocks and slabs on slopes and hilltops in Dschang, Batié, Bansoa,
Bamendjou and Bafoussam. It is very often altered but recognizable by its grainy
structure (Figures 4(f)-(h) and Figure 4(i)). This granite is very often rich in al-
kali feldspar megacrysts at Dschang, Fomopéa, Bandja, Batié and Bafoussam and
also consist mainly of plagioclase, quartz and biotite. The least altered granites are
found near riverbeds, where they are covered with patina. They are very often
cross cut by quartz-feldspar veins (Figure 4(g)), which are highly altered (Figure
4(h)) and transform into clay minerals (Figure 4(i)). Quartz appears heteromor-
phic and the whole is fairly leucocratic and homogeneous. However, basement
gneisses outcrop episodically as flagstones consisting of biotite gneiss (Dschang,
Mbouda, etc.). Two-mica gneisses, characterized by their leucocratic nature, are
exceptionally hard and exhibit patchy peeling along the dames. In addition, silli-
manite and kyanite garnet gneisses featuring alternating light and dark bands out-
crop in Kékem with, the light bands displaying size variation from a millimeter to
30 cm. dark bands rich in biotite and garnet and vary in size from 2 mm to 1 m.
The clear bands are sometimes stretched and boudinateded (Figure 4(j)). The
paragneiss and orthogneiss are crushed, along a shear zone to form mylonites that
outcrop as a corridor between Kékem and Bafoussam. Overall, the granito-
gneissic basement rocks in the study area display pockets of rocks with embrittle-
ment facies, as well as veins of aplites and pegmatites with very large quartz phe-
nocrysts. This ancient granite-gneissic basement is covered, in the study area,

mainly by ancient and recent volcanic formations.
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Figure 5. Field observations in metamorphic (a, b, ¢, ¢, f, g, h) and plutonic (d) rocks from
the Bamiléké Plateau. (a) Metamorphic Si/S; foliation in orthogneiss from Dschang area,
showing F: fold resulting from the transposition of Si into S; during D> deformation phase.
(b) F2 fold details and transposition phenomenon, redrawn from (a). (a)-(c) NE-SW foliation
in paragneiss from Kékem. Note also the symmetric bodins display by clear bands and the
NE-SW sinistral shear plane shown by a fracture d) NNW-SSE to NNE-SSW mamatic folia-
tion from Batié synkinematic granite. (e)-(f) NE-SW mylonitic foliation indicates by pre-
ferred orientation of garnet (e) and quartz (f) crystals. Note also the dextral rotation display
by garnet and quartz crystals. (g) Symmetric and asymmetric bodins in mylonites from
Fondjomekwet. Note also the dextral sens of motion displays by the asymmetric boudin. (h)
NNW-SSE sinistral shear plane display by a shear facture in mylonites from Fondjomekwet.
Note also the dextral sens of motion displays by the asymmetric boudin.
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Almost the entire basaltic formation covers in the study area is dominated by
cuirasses and lateritic blankets. These lateritic covers are also observed above the
plutono-metamorphic basement (Figure 4(k) and Figure 4(1)) and indicate in-
tense weathering, often resulting from lateritic soil profiles that reach 10 to 20
meters heights. They cover large areas of several hundred km?.

The primary driving factor behind the lateritic alteration of volcanic rocks in
the Western Highlands of Cameroon is the prevailing climatic conditions (Figure
4(k)) in the Western Highlands of Cameroon. These cuirasses are composed of
goethite, hematite, aluminum hydroxide, iron oxy-hydroxide (goethite and hem-
atite), gibbsite, kaolinite and quartz.

The tectonic structures identified in the granitic-gneissic basement include fo-
liation, folds, boudins, shear planes, fractures and veins. The foliation is gneissic
(Figure 5(a), Figure 5(b)), magmatic (Figure 5(c)) or mylonitic (Figure 5(d),
Figure 5(e)). The gneissic foliation is characterized by alternating light and dark
bands-oriented NNW-SSE (syn-D,), transposed N-S to NNE-SSW (syn-D;) and
transposed NE-SW (syn-Ds). Magmatic foliation primarily manifests as the pref-
erential alignment of alkali feldspar phenocrysts (Figure 5(b)) oriented in a NNE-
SSW (N30E) to NE-SW (N50E) direction (syn-D,). In mylonites, foliation is
shown by the preferential orientation of quartz, biotite and garnet crystals in light
and dark bands. N-S to NNE-SSW directions (syn-D,) transposed to NE-SW
(Syn-Ds) are observed.

The folds are very often anisopaque with NE-SW trending axes, displaying gen-
tle to moderately toward the SW or NE. Boudins are materialized by the con-
striction of metamorphic foliation or clear bands (Figure 5(c)).

Shear planes are sinistral N-S (syn-D,, Figure 5(d)) or dextral NE-SW (syn-Ds,
Figure 5(e)), materialized by ductile transposition of foliation or veins.

Fractures (Figure 5(f)) and quartz veins are observed in both gneiss and granite
in which they display NW-SE (N120E-N150E) or NE-SW (N50E-N70E) direction.

4.2. Bouguer Anomaly Map and Regional-Residual Separation

Based on the data provided by the BGI (Figure 3(a)), the Bouguer anomaly map
(Figure 3(b)) was drawn up using minimum curvature as the interpolation
method for a sampling step of 0.01 degrees (i.e., approx. 1.1 km). This map shows
anomaly amplitudes ranging from —107.1 to —53.8 mGal. The relief of the anom-
alies appears fairly smooth, uniform and above all undisturbed, due to the resolu-
tion of the gravity data used (approx. 4 km x 4 km). This resolution has a major
influence on local anomalies, which are generally small in extent, as they are masked
by density contrasts linked to regional structures or formations. The Bouguer anom-
aly map reveals the presence of three distinct anomaly domains (Figure 3(b)):
1) the S1 domain exhibits negative or low-gravity anomaly, which may corre-
spond to areas where basaltic flows have been observed in the field; 2) the S2
domain represents a medium-gravity anomaly zone, which extends across the

entire gravity model and likely corresponds to the dominant basement structure
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within the study area; 3) the $3 domain shows positive anomaly values, which
could potentially be associated with either intrusive features or ancient sedimen-
tary deposits.

In order to determine the mean maximum depth associated with the anomalies
and establish distinct depth domains, a 2D radial spectrum was applied to the
Bouguer anomaly grid. The analysis of the resulting spectrum (Figure 6) reveals
average depth slices corresponding to three information domains. According to
the spectrum analysis, the average maximum depth of deep sources (SP) is esti-
mated to be 7.948 km, that of intermediate sources (SJ) is approximately 2.9 km
and that of near-surface sources (S5PS) is approximately 0.99 km. This estimation
suggests the maximum depth reached by gravity signals is approximately 8 km.
To eliminate the influence of very deep anomaly sources, a residual grid was cal-
culated using the upward continuation separation approach described in the

methodology.
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Figure 6. Power spectrum associated with the Bouguer anomaly grid.

4.3. Analysis of the Residual, Vertical Derivative and Analytical
Signal Map

To obtain the residual, an upward continuation of the Bouguer was made at an
attitude of 8 km, and the residual grid was then calculated as the difference be-
tween the regional (map extended to 8 km) and the Bouguer anomaly map. The
spectral analysis shows that the geological structures contributing to the Bouguer
anomaly evaluation extend to a depth (H) of approximately 8 kilometers, our ob-
jective is to analyze the effects of structures located at a depth less than or equal to
Hj2, i.e. around 4 km. Unlike the Bouguer grid, where anomaly amplitudes range
from —107.1 to —53.8 nT, the residual (Figure 7) shows that they range from —18.8
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to —16.6 nT. This shows that separation has been achieved and that the influence
of anomaly sources at depths greater than around 4 km has been filtered out. The
organization of the anomalies has also been modified, as here the anomalies are
much more disturbed. The negative anomalies in the S1 domain, previously in-
terpreted as corresponding to basaltic flow zones, are very discontinuous and
more widespread in the residual model. In fact, these basaltic flows were observed

during the geological campaign at several sites in the study area.
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Figure 7. Residual anomaly map (P1 and 22 are the profiles used for 2.5.0 modeling).

The mean anomalies, depicted in green, and associated with the $2 domain on
the Bouguer grid extend over the entire residual model. This extensive presence
within the study area reaffirms our earlier interpretation that this domain corre-
sponds to the dominant basement. However, in contrast, the $3 domain of the
Bouguer grid no longer exhibits continuity in the residual model. This observation
arises from the fact that the intrusive bodies observed in the $3 zone are character-
ized by significantly higher density values compared to the average density of deep,
extensive geological structures. The positive anomalies of this domain are much
more rectilinear with orientations mainly E-W to NE-SW but also N-S (Figure 8)
that may correspond to dolerite or basalt dykes observed in the field that took
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advantage of N-S zones of weakness developed during the D, deformation phase
(Njanko et al., 2010, Tcheumenak Kouémo et al., 2014, 2023), which thus corrobo-
rates the work of many authors (Nguiessi-Tchamkam et al., 1997; Tagne-Kamga et
al., 2003; Njanko et al., 2006; Djouka-Fonkwé et al., 2008; Kwekam et al., 2010,
2013).

To ensure that these rectilinear anomalies corresponded to the dykes, a vertical
derivative filter was applied to the residual grid (Figure 7). The vertical derivative
was used to determine the directions of the structures and, based on field observa-
tions, the faults and their kinematics were illustrated on the derived model (Figure
8) obtained. The model thus allows us to better define the limits of these rectilinear
anomalies, demonstrating at the same time that they are near-surface, and confirm-

ing the geological results obtained in the study area with regard to fault delineation.
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Figure 8. Residual vertical derivative map (1: Faults; 2: Dextral movement; 3: sinistral
movement).

Figure 8 and Table 1 show 22 faults (numbered F1 to £22) and their kinematics,
ranging in length from 8.74 km to 34.27 km, with an average length of 16.14 km.
The cumulative length of the mapped faults is 355.16 km, with the longest fault in
the center of the map running N30°E. Among these faults, F1, F2, F7 and F11 have
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already been highlighted in several studies. (Dumort, 1968; Ngako et al., 2003;
Toteu et al., 2008; Njanko et al., 2010; Kwékam et al., 2010; 2013; Tcheumenak
Kouémo et al., 2014, Tcheumenak Kouémo, 2018; Tchuimegnie Ngongang et al.,
2015; Blandine et al, 2022).

The analysis of these anomalies within the derived model indicates that they are
controlled by faults defining a dextral kinematics in the center (at Bamendjou)
and north of Bamendjou, and a sinistral kinematics south of Bamendjou (Figure
8). These faults, whose major directions vary from N85E (ENE-WSW) to N95E
(ESE-WNW) (Figure 8, Figure 10), these fault patterns correspond to a set of
dextral and sinistral structures characteristic of the central Cameroon shear cor-
ridor, to which the study area is affiliated (Ngako et al., 2003; Tchameni et al.,
2006; Toteu et al., 2008; Ngako et al., 2008; Kwékam et al., 2010). From a hydro-
geological perspective, the fault networks highlighted in this model could poten-

tially represent ideal zones for the exploration of fracture aquifers.
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Figure 9. Analytical signal map highlighting anomalies associated with granitic intrusions
(thick black lines correspond to lithological contours).

To highlight granitic intrusions areas whose gravity signal is masked by near-sur-
face sources, an analytical signal filter was applied to the residual grid. The resulting

map (Figure 9) enhances the relief of anomalies corresponding to granitic
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intrusions whose boundaries correspond to the lithological contacts that can be
represented (thick black lines on Figure 9). This outcome effectively highlights the
anomalies associated with granitic intrusions within the study area, with the most
pronounced occurrences located in the southern, western (Dschang), and central
regions near Bamendjou, Baham, and Bandjoun, as confirmed through field ob-

servations.

5. Interpretation of the Transformed Maps for the
Elaboration of a Geological Synthesis Model and 2.5D
Modeling

Based on the various analyses carried out to date including residual map, vertical
derivative and analytical signal analysis and the categorization of gravity signa-
tures according to the gravity map used, a geological synthesis model has been
developed (Figure 10). This model shows a predominantly granito-gneissic base-
ment with a predominance of gneiss covered mainly by volcanic formations. This
is witnessed in the field by dominant lateritic covers resulting from weathering of
basalts (Figures 4(b)-(d), Figure 4(l), Figure 4(m)) (Nkouathio et al., 2008;
Zangmo Tefogoum et al., 2019; Ngongang Tchikankou et al., 2020; Tchuimegnie
Ngongang et al., 2015) and granito-gneissic basement rocks (Djouka-Fonkw¢ et al.,
2008; Njiekak et al., 2008; Kwekam et al., 2010, 2015, 2020a, 2020b; Tchouankoue et
al., 2012, 2014; Fozing et al., 2021). Within this basement, numerous deformations
have played a significant role in shaping the geological architecture of the study
area. These deformations are characterized by both dextral movements, ob-
served in the central and northern regions of Bamendjou, and sinistral move-
ments, identified to the south of Bamendjou (Tcheumenak Kouémo et al., 2014,
2023). The occurrence of dyke indicated by 2.5 model of Figure 12 and Figure
13 is evidence in the field by the anorthosic dyke (Ziada Tabengo et al., 2022)
Nzindeng phonolites (Nkouathio et al., 2008; Njanko et al., 2020) respectively.
Consequently, the geological model obtained exhibits a complex and chaotic
appearance. Consequently, the geological model obtained exhibits a complex and
chaotic appearance.

Figure 10 evidences an E-W volcanic dyke in Bamedjou as shown by Figures
4(b)-(d). Geoelectric data of the area from unpublished works by Kamgang
Chendjou show that this dyke underground water reservoir into two most pro-
ductive reservoirs including the one to the north and the other to the south of this
intrusion within fractured and weathered basalts.

Table 1 shows the directions and approximate lengths of all geological linea-
ments interpreted as deep faults in the Bamiléké Plateau.

Figure 11 shows the orientation (E-W to NNW-SSE) of these anomalies, which
corresponds. to the descriptions given in numerous studies of granitic formations
in the study area (Dumort, 1968; Ngako et al., 2003, 2008; Toteu et al., 2008; Njanko
et al., 2010; Kwékam et al., 2010; 2013; Tcheumenak Kouémo et al., 2014, Tcheu-
menak Kouémo, 2018; Tchuimegnie Ngongang et al., 2015; Blandine et al, 2022).
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Figure 10. Geological synthesis model (1: Volcanic formations; 2: Dykes; 3: Granitic intru-
sions; 4: Gneissic bedrock; 5: Faults; 6: Lithological contours).

Table 1. Characteristics of the various deep faults on the Bamiléké Plateau.

Faults Fault trends Approximate lengths (km)
F1 N38E 12.81
F2 N48E 21.75
F3 N64E 18.26
F4 N54E 9.99
F5 N94E 13.67
Fé6 N93E 16.46
F7 N54E 34.27
F8 N8SE 14.41
F9 N87E 20.76
F10 NI1E 20.52
F11 N66E 14.11
F12 N53E 8.74
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Continued

F13 N66E 14.28
F14 NO93E 31.51
F15 N87E 13.73
F16 N86E 12.64
F17 N89E 9.7

F18 N89E 144
F19 N88E 14.63
F20 N87E 13.05
F21 N30E 11.87
F22 N180E 13.61

Figure 11. Directional rosette of fault orientations.

The granitic formations are cut across by dykes whose kinematics show that their
emplacement was favored by the tectonic activities that affected the basement. To
study the vertical architecture of geological structures and formations in the study
area, 2.5 inversion modeling of two gravity profiles P1 and P2 traced from the
residual map (Figure 7) was carried out. The geological sections resulting from
this modeling (Figure 12 and Figure 13) show the influence of granitic intrusions
in the geological system of the study area, as well as the structural control associ-

ated with the various dyke intrusions.
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Figure 13. 2.5D model of the P2 profile (1: Volcanic formations; 2: Dykes; 3: Granitic intrusions; 4:
Gneissic bedrock; 5: Faults; 6: Kinematics).
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These models also reveal the substantial presence of volcanic formations over-
lying the granite-gneiss bedrock, with a maximum thickness of 1.8 km observed
between Bafang and Bangangté (Figure 12) and a minimum thickness of 400 m
in the vicinity of Bandjoun and Bamendjou (Figure 13). In these models, the ma-
jor faults interpreted have no visible ends, showing their continuity at depth and
outside the study area. The dextral or sinistral kinematics previously interpreted
are also highlighted in these models. The dykes associated with these fault zones
may constitute traps for valuable minerals such as Bangam and Fongo-Tongo
bauxite (Mathieu et al., 2012; Sojien et al., 2018) already highlighted in the study

area, and may also be of great interest for mineral exploration projects.

6. Conclusion

The aim of this study, based on the processing and interpretation of gravity data,
was to provide basic information to facilitate the better understanding of the litho-
structural beneath the Bamiléké Plateau that could be used for hydrogeological
and mining investigation projects. The methodological approach used was to
begin the study with geological field observations. As the structures of interest are
near-surface, a regional-residual separation approach was applied to the Bouguer
anomaly data, using the upward continuation separation method coupled with
spectral analysis. The residual obtained highlights anomalies lying between the
surface and an average maximum depth of 4 km. A set of processing steps was
then applied to the residual grid (vertical derivative, analytical signal or SA and
categorization of gravity signatures). Analysis of the vertical derivative map re-
vealed a structural pattern corresponding to a set of dextral or sinistral strike-slip
faults oriented N85E (ENE-WSW) to N95E (ESE-WNW) that affected the base-
ment of the study area. The advent of this tectonics was accompanied by the de-
velopment of a network of dykes in the study area. Analysis of the analytical signal
map revealed anomalies corresponding to zones of granitic intrusions whose ori-
entation (E-W to NNW-SSE) corroborates that described in numerous previous
studies. The categorization of gravity signatures has made it possible to define the
contours of lithological formations, and their association with previous analyses
has led to the development of a synthetic geological model. The fault zones high-
lighted in the latter model are ideal areas for hydrogeological investigations, while
the various dykes interpreted as corresponding to zones of late magmatic fluid
upwelling are potential targets for mining exploration. In order to understand the
vertical architecture of the geological structures and formations in the study area,
2.5D inversion modeling of two gravity profiles, P1 and P2, was carried out. The
geological sections obtained show the influence of granitic intrusions in the geo-
logical system of the study area, as well as the structural control associated with
the various dyke intrusions. The models obtained can be also used as basic docu-
ments for hydrogeological and mining investigations of the Bamiléké Plateau.

At present, 3D density inversion (regularization) is mature, and it is recom-

mended to use this method constrained by 2.5 D results to study the underground
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density distribution. The 3.D density results provide a better representation of the

underground structure that may constitute the next paper projet.
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