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The north-central Cameroon is located at the northern edge of Archean Congo–Sao Fran-
cisco craton and at the east of the West African craton. This area includes various Neo-
proterozoic to Holocene geological litho-structural units. It corresponds to a juvenile crust
resulting from the collision of the above cratons. Geological features associated with the
Poli–Ounianga–Kebir heavy gravity line trending NE–SW crosscuts the study area and hosts
several deposits, chiefly auriferous and uraniferous ore deposits. Uraniferous bodies are
described at the SW and NE sides of the Benue Trough and are related to hydrothermal
processes and structural events in Neoproterozoic granitoids of Poli (Cameroon) and Zabili
(Chad). Gold ore deposits are found around faulted zones mostly in the Tcholliré shear zone.
Gravity data derived from the Earth Gravitational Model EGM2008, combining terrestrial,
maritime and satellite-derived data, were used to model the crust of the north-central Ca-
meroon. The geophysical filtering enabled to highlight that the most fractured areas with the
deepest faults are situated on the positive anomalies of the mineralized volcano-sedimentary
belts of Poli and Bibémi. The Benue Trough that crosscuts the volcano-sedimentary belts
exposes few structural features due to the weak gravity signal of Cretaceous sedimentary
cover. The radially averaged power spectrum analysis brought out the density contrast
depths of some geological belts and revealed the Moho discontinuity of the study area at
about 24 km depth. This Moho depth is in accordance with the assumption of a thin crust
and a mantle upwelling in the study area proposed by previous works. Thus, the presence of
geological formations of mantle, crustal and mixed crustal-mantle origin such as mafic rocks
as well as calc-alkaline to alkaline granitoid outcropping in the study area may be the
consequence of the proximity of the upper mantle to the surface. Moreover, fractures
highlighted in this work brought out the crustal permeability in the study area illustrating
migratory passages for mantle formations found at the surface. Based on the gravity field
analysis, the proposed models of basement in this study provide geological architecture
highlighting the presence of more or less dense rocks and hydrothermal fluids migration
along faults as key elements for ore deposits formation.

KEY WORDS: Mineralized crust, Gravity modeling, Faults, Crustal permeability, North-central
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INTRODUCTION

The major geological features of Cameroon are
given by an Archean Congo craton (CC) and the
Neoproterozoic Central African Fold Belt (CAFB),
which are crosscut by the Cenozoic volcanic forma-
tions of the Cameroon Volcanic Line and covered in
places by sedimentary basins dated back from
Mesozoic to Holocene (Eno Belinga 1984; Toteu
et al. 2008). The study area is located at the northern
edge of CC within the CAFB (Fig. 1). This sector of
northern Cameroon is also known as ‘‘north-central

Cameroon’’ (Pinna et al. 1994; Toteu et al. 2001;
Bouyo et al. 2015a). Previous works (Toteu et al.
2001; Van Schmus et al. 2008) match the CAFB with
the Borborema province (BP) of the NE Brazil.
Thus, some common geological features are found in
both Central domain of BP (Pernambuco-Alagoas
and Transverse domains) and CAFB (Adamawa–
Yadé and NW Cameroon domains, Eastern Nigeria
terrane). Several geophysical surveys have been
carried out in this part of the CAFB. The main re-
gional in situ gravity surveys in Central Africa were
performed by ORSTOM (Office de la Recherche
Scientifique et Technique d�Outre-Mer, France:

Figure 1. Geological map of the study area (modified from Koch 1959; Schwoerer 1962; Caby 1989; Maurin and Guiraud 1990;

Penaye et al. 2006; Van Schmus et al. 2008; Abate Essi et al. 2017): A Regional location of the north-central Cameroon on the West

Gondwana including west-central Africa and northeast Brazil; B Geological sketch map of the study area. Major domains and

regions used in A a: Phanerozoic Braziliano-Pan-African sediments. b: Paleo to Neoproterozoic Braziliano-Pan-African Belt; c:

Archean cratons d: Cameroon Boundary; WAC: West African craton; SFC: Sao Francisco craton; CC: Congo craton; NPr: Nigerian

Province; BPr: Borborema province; PEAL: Pernambuco–Alagoas domain; RGND: Rio Grande do Norte domain; SD: Sergipano

domain; TD: Transverse Domain; NWC: Northern Western Cameroon; AYD: Adamawa-Yadé domain; YD: Yaoundé domain MK:

Mayo Kebbi. Faults and shear zones used in (A): AF: Adamawa fault; Pa: Patos fault zone; Pe: Pernambuco fault zone; SF: Sanaga

fault; TF, Tcholliré fault; TBL: Transbrasiliano lineament. Detailed geology of the study area: NP: Neoproterozoic; TSZ: Tcholliré

shear zone. c: craton. 1: Fault. 2: Thrust. 3: Sinistral strike slip fault. 4: Quaternary alluvium. 5: Cretaceous Benue Sandstone. 6:

Cretaceous Garoua Sandstone. 7: Divers Cretaceous sediments. 8: andesitic type. 9: acidic type. 10: mafic type. 11: Amphibolite. 12:

Upper Mica Schist. 13: Lower Mica Schist. 14: Upper gneiss. 15: Lower gneiss. 16: Migmatitic gneiss. 17: Embrechitic gneiss. 18: Post-

tectonic granitoid. 19: Syn to post-tectonic granitoid. 20: Pre- to syn-tectonic granitoid. 21: gabbro. 22: syenite.

474 Abate Essi, Marcel, Diab, Yene Atangana, Abossolo Angue, and Mvondo Ondoa



Collignon 1968, 1969; Poudjom 1993). Louis (1970)
identified a chain of positive gravity anomalies
trending NE–SW extending from Cameroon to
Chad. He named this chain the ‘‘Poli–Ounianga–
Kebir heavy line.’’ Abate Essi et al. (2017) later
revealed that auriferous and uraniferous mineral-
izations line up on this heavy gravity line notably in
the study area (Fig. 2). Furthermore, diverse min-
eral commodities such as gold, uranium and copper
are found in the north-central Cameroon. Interest-
ing concentrations (up to 33 g t�1) of gold are de-
scribed from autochthonous primary and
allochthonous alluvial sources (Kusnir 1995; Kusnir
and Moutaye 1997; Embui et al. 2013; Tchameni
et al. 2013), which can explain the intense artisanal
mining activities in the study area. According to
Kouske et al. (2012) and Mbaguedje (2015), frac-
tures/faults are favorable for hydrothermal fluid
migration and the precipitation of gold and uranium
in and around the study area. In Pala locality
(Chad), Tchameni et al. (2013) suggest that mag-
matism played a major role in the dynamics of the
mineralized fluids in the setting of gold deposit.

Crustal permeability is an important element
for hydrothermal and mineralized fluid migration
both for igneous rocks like granite and supracrustal
sequences such as volcano-sedimentary belts (Ten-
thorey and Fitz Gerald 2006; Lawther et al. 2016).
Faure et al. (2009) and Faure (2010) demonstrated
the importance of potential field data to investigate
crustal permeability of orogenic gold and uranium in
Abitibi (Canada). The modeling of the subsurface
using potential field data is very interesting for
proposing the geological architecture of the crust
based on density contrast (gravity data) and/or sus-
ceptibility (magnetic data) of its components. For
example, Chicharro et al. (2015) used gravity data to
model Logrosán Sn–(W) ore deposits (Central Ibe-
rian Zone, Spain) and proposed comprehensive
geological and metallogenic contexts for the setup of
these ore deposits. Likewise, Fan et al. (2014) used
the modeling technique of potential field to study
the iron deposit of the Anshan area (China). In this
work, we interpret gravity data combined with geo-
logical information to propose gravity modeling that
may support the development of gold and uranium

Figure 2. a Chado-Cameroonian heavy gravity line. High-amplitude anomalies are colored in red (+ 30 to � 20 mGal), medium

amplitude in green (� 19 to � 60 mGal), low amplitude in yellow (� 59 to � 100 mGal), and very low amplitude (below

� 100 mGal) in blue. b Mineral commodities distribution along the heavy gravity line in the north-central Cameroon (modified from

Louis 1970; Ngako et al. 2008; Abate Essi et al. 2017). BSZ: Balché shear zone; TBZ: Tcholliré shear zone, GGSZ: Godé–Gormaya

shear zone. 1: Neoproterozoic basement. 2: Phanerozoic Benue Trough sediments. 3: country boundaries border. 4: heavy gravity

line. 5: strike slip fault. 6: thrust front. 7: faults. 8: sense of wrench movement.
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enrichment of the crust in north-central Cameroon.
The study area is poorly covered by ground gravity
data. We used the Earth gravitational Model
EGM2008 (Pavlis et al. 2008, 2012) high-resolution
gravity data, to overcome the absence and sparse-
ness of ground data in the study area.

GEOLOGICAL, STRUCTURAL
AND MINING BACKGROUNDS

The study area is a part of the mobile belt of
Central Africa. It is situated at the northern edge of
Congo–Sao Francisco craton and at the east of the
West African craton (Fig. 1A). It belongs to two
main litho-structural domains of the Neoproterozoic
CAFB: the North Western (NW) Cameroon and
Adamawa-Yadé (AY) domains. These two domains
(Fig. 1B) are separated by the sinistral Tcholliré
shear zone (TSZ) at the southeastern edge of the
Poli–Ounianga–Kebir heavy gravity line (Abate Essi
et al. 2017), and they extend in the southwestern
Chad as Mayo Kebbi domain (Louis 1970; Penaye
et al. 2006). Table 1 summarizes the main lithologies
and the associated mineral commodities in the study
area.

North Western (NW) Domain

The NW domain is located at the northwestern
side of the TSZ (Fig. 1B). It mainly includes meta-
morphic, volcano-sedimentary and granitoid forma-
tions grouped into belts, namely Poli, Rey Bouba
and Bibémi-Zalbi belts (Ngako et al. 2006).

The Poli belt is interpreted as an early back-arc
orogenic basin that was formed during 700–665 Ma
(Pinna et al. 1994; Toteu et al. 2006; Penaye et al.
2006). It comprises metasedimentary (volcanogenic
clastic and/or reworked clastic rocks) and metavol-
canic (sodic rhyolites and tholeiitic basalts) units
(Njel 1986; Toteu et al. 2006). Structurally, Ngako
et al. (1989), Pinna et al. (1994) and Toteu et al.
(2004) described a poly-phased tectono-metamor-
phic evolution marked by an early D1 tectonic
nappe deformed by a sub-vertical foliation D2. At
Kitongo near Poli locality, Oesterlen and Vetter
(1986) and Kouske et al. (2012) revealed that ura-
nium mineralization is hosted in albitized granite.
These last authors concluded that most promising
uraniferous bodies are intimately related with fault
intersections rather than along individual faults. This

suggests that these faulted zones, which are dilata-
tional in nature, were highly permeable and that the
hydrothermal fluids ponded there could have pre-
cipitated uranium therein. Therefore, uranium min-
eralization (Fig. 2) was controlled by structural and
hydrothermal (albitization) events. Moreover, La-
plaine (1968), Le Fur (1971) and Toteu et al. (2008)
indicated enrichment of gold, copper and silver in
the Poli belt.

The Rey Bouba belt is made up mainly of
greenstones and batholiths. The Sinassi batholiths,
which belong to the Rey Bouba belt, consist mainly
of tonalite–trondhjemite–granodiorite (TTG) suite
and more or less deformed granites. Penaye et al.
(2006) and Bouyo et al. (2015a) revealed that the
batholiths of Sinassi (Cameroon) and Mayo Kebbi
(Chad) are unique. These batholiths are associated
with Rey Bouba, Bibémi-Zalbi and Mayo Kebbi
greenstones. The Rey Bouba greenstones, which
consist of greenschist facies mafic to felsic volcanic,
volcano-sedimentary and sedimentary formations,
are associated with TSZ. Gold mineralizations are
observed on late fracture zones (Pinna et al. 1989)
released in stream sediments. In this area, Embui
et al. (2013) estimated gold concentration at
1.12 g t�1, while Pinna et al. (1989) found values
greater than 2.79 g t�1. Other mineral commodities
(Fig. 2) are reported in previous works of Laplaine
(1968) and Toteu et al. (2008).

The Bibémi-Zalbi belt is a greenstone belt
(Pinna et al. 1994; Pouclet et al. 2006; Isseini 2011;
Mbaguedje 2015) consisting of (1) ultramafic rocks
cropping out as talc schists or serpentinites, (2)
metavolcanic and metasedimentary formations and
(3) a meta-plutonic complex. These rock units are
intruded by post-tectonic granitoids (Zabili granite,
Pala hypersthene monzodiorite and porphyritic
granite) (Penaye et al. 2006). The Bibémi-Zalbi and
Poli belts have some petrographic, structural and
geochronological similarities. The Yola–Garoua
branch of the Benue Trough that separates them.
The Yola–Garoua branch resulted from the opening
of the Atlantic Ocean during lower Cretaceous
(Reyment and Dingle 1987). It is filled by sandstones
distinguished as ‘‘Garoua sandstone’’ and ‘‘Benue
sandstone’’ (Shwoerer 1962; Benkhelil 1986) asso-
ciated with plutonic intrusions and volcanism. In
Gamboke near Pala locality (Mayo Kebbi domain,
Chad), gold mineralization is described in quartz
veins associated with sulfur in a NE-trending shear
zone (Kusnir and Moutaye 1997; Mbaguedje 2015).
Besides, in Zabili near Zalbi (Chad), the uranium
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mineralization was formed during syn- to post-
magmatic ductile to brittle deformation of a granite
with metasomatic alteration. Fluid circulations
should influence Na-metasomatism and be respon-
sible for the mobilization, transfer and deposition of

uranium and other associated elements (Mbaguedje
2015).

The Guider-Boussoum-Pologozom batholith
thrusts westward Bibémi-Zalbi belt. Considering its
characteristics, the Guider-Boussoum-Pologozom

Table 1. Synoptic table of mineral commodities with geology of study area. TTG: tonalite–trondhjemite–granodiorite, MIC: mafic to

intermediate complex

Geological Group Main lithologies Principal

mineral

(and locality)

Associated min-

erals

References

Volcano-sedimentary formations (NW Domain)

Poli belt Metasedimentary and metavol-

canic rocks

Medium-tohigh-grade gneisses

Tholeiitic Basalts

Calc-alkaline rhyolites

Conglomeratic sedimentary se-

quences

Gold U, W, Cu, Mo Laplaine (1968), Le Fur (1971),

Njel (1986), Ngako et al. (1989),

Angoua et al. (2008) and Toteu

et al. (2008)

Copper (Ban-

taje)

W, U, Mo, Au

Rey Bouba belt

(Tcholliré and Rey

Bouba)

Metapelites and meta-graywackes

Mafic volcanic rocks (dacitic tuff)

Coarse conglomerates

TTG

Gold Ag, Cu, Mn, Zn,

W, P, Pb, As

Laplaine (1968), Pinna et al. (1989,

1994), Toteu et al. (2008), Em-

bui et al. (2013) and Bouyo

et al. (2015b)

Nickel Mn, As, Au, Co

Copper Au

Bibémi-Zalbi Belt Calc-alkaline tholeiitic meta-ba-

salts,

Metadolerites, meta-graywackes,

Chloritoschists, meta-cherts and

meta-carbonates, talc schists

and serpentinites,

MIC (amphibolites, meta-gabbros

and meta-diorites)

Platinum (Bibé-

mi)

Laplaine (1968), Toteu et al.

(2008), Kusnir and Moutaye

(1997), Toteu et al. (2008), Is-

seini (2011), Tchameni et al.

(2013), Mbaguedje (2015) and

Diab (2016)

Graphite (Mayo

Loue)

Lead (Ribao)

Zinc (Goutch-

omi)

W, Zn, Al

Gold

Granitic formations (NW domain)

Poli Granitoid Pre- to post-tectonic calc-alkaline

granitoids (diorites, granodior-

ites and granites)

Gold (Faro) Laplaine (1968), Oesterlen and

Vetter (1986), Pinna et al.

(1989, 1994), Toteu et al. (2008)

and Kouske et al. (2012)

Tin (Hosser

Nyore)

Uranium (Ki-

tongo)

Sulfur pyrite, ga-

lena (lead sul-

fide)

Sinassi (Rey Bouba)

Batholith

TTG, orthogneiss, high-grade

gneiss

Gold Ag, Cu Laplaine (1968), Pinna et al.

(1989), Penaye et al. (2006),

Toteu et al. (2008), Bouyo et al.

(2015a)

Pologozom Batholith Post-tectonic alkaline grani-

toids (granites, syenites)

Lead (Goutch-

oumi)

W, Zn, Toteu et al. (2008), Dawaı̈ (2014)

and Dawaı̈ et al. (2013)

Tin (Peske Bori)

Mayo Kebbi Batholith TTG (granites, diorites, granodi-

orites and charnockites)

Enclaves of amphibolites

Uranium (Za-

bili)

Kusnir and Moutaye (1997),

Tchameni et al. (2013), Isseini

(2011), Mbaguedje (2015) and

Diab (2016)

Gold Cu, Pb

Adamawa-Yadé domain

Ngaoundéré-Mbé

Belt

Orthogneiss (biotite-amphibole

gneiss, amphibole-pyroxene

gneiss and amphibolites), meta-

sediments (metapelites and

meta-graywackes) syn to post-

tectonic granitoids

Gold Ag, Cu Laplaine (1968), Toteu et al.

(2001) and Tchameni et al.

(2013)
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batholith is similar and coeval to Nigerian eastern
plutons. It is composed of syenite, granite associated
with orthogneiss with foliation trending NNE–SSW
to NE–SW (Dawaı̈ 2014), in accordance with the
Godé–Gormaya shear zone (GGSZ). In this zone,
Ngako et al. (2008) described the GGSZ as a syn-
thetic sinistral shear zone coeval with the TSZ with
similar metamorphic evolution. Based on structural
field data, they suggested that this shear zone is
marked by a successive compressional and exten-
sional evolution.

Adamawa-Yadé (AY) Domain and Intra-
continental Sedimentary Basins

The AY Domain is located on the SE side of
the TSZ and is interpreted as a Palaeoproterozoic
crust that was dismembered during the Pan-African
orogeny (Fig. 1B). It comprises (1) dominantly
granitoid rocks and (2) lesser metasedimentary for-
mations and orthogneisses. Auriferous minerals are
identified on granitoids and gneisses of Bandjoukri
locality (Van Schmus et al. 2008; Toteu et al. 2008).
The minor intra-continental basin of Koum is iden-
tified therein. This Cretaceous sedimentary basin
consists of conglomerates, sandstones, shales, marl-
stones with fossils, and it is interpreted as being part
of both the West and Central African Rift Systems
(Nolla et al. 2015).

Several gold deposits are identified around the
TSZ and surrounding localities such as Mbé, Gam-
ba, Landou, Tcholliré and Bandjoukri (Laplaine
1968; Pinna et al. 1989; Toteu et al. 2008; Tchameni
et al. 2013). According to Tchameni et al. (2013), the
TSZ was a major conduit for auriferous fluids and it
is comprised most likely of late Pan-African shear
structures, developed in the CAFB. They indicated
some gold-bearing quartz veins with NW–SE or N–S
to NNE–SSW directions, which correlate with re-
gional strike slip shear zones trending NE–SW,
similar to the TSZ.

DATA

Gravity data derived from the Earth Gravita-
tional Model EGM2008 were used in this work. The
EGM2008 model, which is an improved version of
the Earth Gravitational Model EGM96, was re-
leased by the National Geospatial Intelligence
Agency. It is a spherical harmonic model of the

gravitational potential from the Earth, complete to
degree and order 2159, with additional coefficients
up to degree 2190 and order 2159 (Pavlis et al. 2008,
2012). The EGM2008 model integrates surface
(terrestrial, maritime and airborne) gravity data and
satellite altimetry-derived data with an initial spatial
resolution of 5 arcmin. This high-spatial resolution
model is more spread than terrestrial gravity data
and therefore overcomes the sparseness and the
absence of terrestrial data (Eyike et al. 2010; Abate
Essi et al. 2017; Marcel et al. 2018a, b).

Bouguer corrections were performed at the
Bureau Gravimetrique International (BGI). Bou-
guer and free air (Fig. 3) anomalies were computed
from EGM2008 spherical harmonic coefficients
through the FA2BOUG program (Fullea et al. 2008)
on a grid averaged over 2.5 arcmin by 2.5 arcmin.
The topographic correction was performed using the
digital elevation data ETOPO1 (Amante and Eakins
2008) with 1 arcmin by 1 arcmin spatial resolution
and up to a distance of 167 km (Fig. 4). The density
reduction for Bouguer anomaly used was
2.67 g cm�3.

Minimum curvature was used as gridding
method to produce free air (Fig. 3) and Bouguer
(Fig. 5) anomaly maps with grid cell size of 0.01�
(about 1.1 km). This same grid cell size has been
successfully experimented by Ngatchou et al. (2014)
and Marcel et al. (2018a) to investigate crustal
structure beneath Cameroon and subsurface of the
Cameroon Volcanic Line, respectively. Moreover,
several other works demonstrated the efficiency of
EGM2008-derived gravity data in geological and
geophysical explorations (Eyike et al. 2010; Abate
Essi et al. 2017; Yushan and Yuanyuan 2017; Marcel
et al. 2018b).

The EGM2008-derived free air anomaly map of
the study area (Fig. 3) exposes values ranging be-
tween � 26 and 83 mGal. This map brings out the
main geological features highlighted by previous
studies (Penaye et al. 2006; Toteu et al. 2008; Abate
Essi et al. 2017). Sedimentary basins appear as
negative anomalies, while magmatic and metamor-
phic formations are distinguished by high-to-med-
ium-amplitude anomalies. In the Garoua–Rey
Bouba sector, a negative anomaly oriented NE–SW
represents the Yola–Garoua branch of the Benue
Trough (Benkhelil 1986), which is filled with low-
density sandstones. This corridor of negative
anomalies crosscuts the heavy gravity line (Louis
1970) represented by the two positive anomalies of
Poli and Bibémi. Furthermore, the other intra-con-
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tinental sedimentary basins (Koum, Hamakoussou,
Mayo Oulo-Léré, Babouri-Figuil) are located on
negative anomalies. Table 2 summarizes the corre-
spondences between free air anomalies and regional
geology.

Bouguer anomalies combine the effect of deep
(regional anomaly) and shallow (residual anomaly)
seated structures. In this work, we used the poly-
nomial separation technique (Radhakrishna and
Krishnamacharyulu 1990) to deduce the residual
anomaly map (Fig. 7) from Bouguer anomaly map
(Fig. 5). Theoretically, the selection of the adequate
polynomial surface order requires good knowledge
of mass distribution and large-scale geological for-
mations of the area (Wolfgang and Smilde 2009). In
this study, the fourth-order polynomial regional
gravity field provides satisfactory results with respect
to the known mass distribution of the area. In fact,

the fourth-order regional anomaly map of the study
area (Fig. 6) exposes, in its central part, a positive
anomaly trending NE–SW accordingly to the Cha-
do-Cameroon gravity line. In addition, the residual
anomaly map (Fig. 7) reflects known geological
features signal: The sedimentary basins of Benue
(Garoua), Koum, Hamakoussou-Mayo Oulo-Ba-
bouri-Figuil (W of Zabili) are represented by nega-
tive anomalies, while the Poli and Bibémi-Zalbi
belts as well as the Sinassi granitoids are illustrated
by positive anomalies (Abate Essi et al. 2017).

METHODS

Gravity investigation is an efficient tool to
prospect geological structures (Eyike et al. 2010;
Yushan and Yuanyuan 2017). In this paper, we used

Figure 3. Free air anomaly map of the study area derived from EGM2008 gravity data.
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gravity data derived from EGM2008 to propose a
model of the subsurface. The methodology involved
a series of techniques that enabled to define the
configuration of the basement. Depths of geological
belts were estimated by radially averaged power
spectrum analysis, while the disposition of structural
features like faults was evaluated through Euler
deconvolution.

Radially Averaged Power Spectrum Analysis

This is a quantitative technique to estimate
depth based on density contrast of geological for-
mations or terrestrial layers beneath the surface. It
enables to determine Moho depth when the grid

area is large enough (Poudjom 1993; Goussi et al.
2017) and rock basement for a restricted zone
(Atawa et al. 2016; Arefaee 2017). This technique
applies 2D fast Fourier transform (FFT) approach
on gravity data. Based on the calculated wavenum-
bers or frequencies, Spector and Grant (1970)
showed that slopes of the log radially averaged
power spectrum correspond to the depth of density
discontinuity between two sources, thus:

h ¼ D log E½ �=4pDn½ � ð1Þ

where h depth, n wavelength, and E power spec-
trum.

The first approach of the radially averaged
power spectrum (Spector and Grant 1970) was its

Figure 4. Topography of the study area from Etopo 1.
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application for magnetic data. Thereafter, other
works enabled to implement this method to gravity
data. Maus and Dimri (1995) deduced that the depth
of some geological structures can be calculated

through radially averaged power spectrum tech-
nique using their density or susceptibility distribu-
tions in the Earth�s crust. Furthermore, Pawlowski
(1994, 1995) demonstrated using Naidu�s formula

Table 2. Main geological formations highlighted from significant free air anomalies (Fig. 3)

Anomalies (location) Free air anomaly (amplitude) Geological interpretation

Garoua–Rey Bouba Negative Sedimentary basin of Benue Trough

Koum–Garoua Negative Sedimentary basin of Koum

Lere–Lame Negative Sedimentary basin of Léré

SW Guider Negative Sedimentary basins of Hamakoussou, Mayo Oulo-Léré and Babouri-Figuil

Poli–Bantaje–Tcholliré Positive Volcano-sedimentary belt of Poli

Bibémi-Zabili Positive volcano-sedimentary belt of Bibémi-Zalbi

West of Guider Positive Pan-African granitoid

South of Gaba Positive Pan-African granitoid

Figure 5. Bouguer anomaly map of the study area derived from EGM2008 gravity data. (a), (b), (c), (d), (e), (f),

(g) and (h) are chosen anomalies for radially averaged spectrum analysis Modified from Abate Essi et al. (2017).
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(1968) that the slope of log power spectrum of a
considered density layer, which causes a gravity
field, is proportional to its depth.

The first, second and third slopes represent the
limit of the deepest, intermediate and shallow
sources, respectively. In this paper, the computation
was performed for the entire study area with 1� 9 1�
grid cell to evaluate the Moho, and for some specific
local anomalies to determine the basement of their
sources.

Euler Deconvolution

Euler deconvolution enables to evaluate the
location (position and depth) of a source responsible
for gravity or magnetic field according to the degree

of homogeneity expressed as ‘‘structural index’’
(Thompson 1982; Reid et al. 1990). The homo-
geneity equation proposed by Thompson (1982) is:

x � x0ð Þ@g=@x þ y � y0ð Þ@g=@y z � z0ð Þ@g=@z
¼ �NG ð2Þ

where (x0, y0, z0) correspond to the coordinates of
the causative source, while (x, y, z) are those of the
location where gravity field (g) is evaluated; N is the
structural index representing the measure of the fall-
off rate of the gravity field with distance from the
source, and characterizes the geometry of a partic-
ular source to be highlighted for a case study. The
choice of N used to solve the homogeneity equation
depends on the purpose of the study. Theoretically,
N varies from 0 to 2 for gravity field. N equal to 0 is

Figure 6. Regional anomaly map of the study area.
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an appropriate model for sill, dyke, ribbon or step
structures; N equal to 1 is interesting for cylinder or
pipe, and N equal to 2 is useful for sphere. A special
attention is needed for N = 0 since this value rep-
resents the physical limit that can only be ap-
proached as the so-called infinite dimensions of the
real source increase (Thompson 1982; Marcel et al.
2018a). However, Euler deconvolution is an efficient
method to delineate fault or geological contact with
N that comprised between 0 and 1. For this purpose,
values near zero are advisable (Thompson 1982).

Maxima Horizontal Gradient Coupled to Upward
Continuation

Horizontal gradient is a useful technique to
delineate geological contacts or faults characterized

by the local maxima of gravity field (Philips 1998;
Abate Essi et al. 2017; Marcel et al. 2018a). Upward
continuation method consists of the application of a
low-pass filter, which attenuates short wavelengths
while amplifying high ones, highlighting the signal of
deeper geological source. Thus, the combination of
these two techniques enables to evaluate the contact
dip of the gravity lineaments (Atawa et al. 2016;
Marcel et al. 2018a). This technique consists of three
main steps. Firstly, the Bouguer anomaly map is
upward continued at progressive heights. Then, the
horizontal gradient maxima of each upward contin-
ued map is determined. Finally, the displacement of
maxima of horizontal gradient is checked to specify
if the dip is vertical (superimposition of maxima) or
oblique (displacement of maxima).

Figure 7. Residual anomaly map derived from EGM2008 gravity data. M1, M2 and M3 are profiles for gravity

modeling Modified from Abate Essi et al. (2017).
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Gravity Modeling

Gravity modeling enables to present the rela-
tionship between the gravity field and the geological
formations characterized by their densities, geome-
tries and depths. It is a quantitative analysis of
gravity field whereby a calculated curve, interpreted
as the gravity response of ground model, is super-
imposed on the observed curve of the gravity field
(Cordell 1973; Essa 2012). Crustal architecture can
therefore be illustrated. For this reason, the regional
geology needs to be well known as well as the tec-
tonic events. Thus, this technique is an important
tool to illustrate the underground of a mineralized
zone such as the study area. In this work, the results
of precedent techniques were used to constrain the
different gravity bodies of models. The radially
averaged power spectrum was helpful to estimate
the average depths of gravity sources. Taking into
account some parameters such as grid dimension of
the calculated area, the slope of power spectrum vs.

wavenumbers, the results may be associated with
Moho discontinuity depth, intra-crustal discontinu-
ities or some geological formation basements. In-
deed, the depths of geological belts were determined
through the said technique and the shapes of gravity
bodies were proposed accordingly. The residual
anomaly map (Fig. 8), which exposes subsurface
formation signal, was used to extract observed
curves along rectilinear profiles. In addition, the
estimation of Moho discontinuity depth enabled to
check the crustal thickness as well as the interpre-
tation of mantle origin rocks outcropping in the
study area. Likewise, the techniques of Euler
deconvolution and maxima horizontal gradient
coupled to upward continuation revealed some lin-
ear structures like faults or geological contacts, and
to estimate their ‘‘gravity dip’’ (Jaffal et al. 2010;
Atawa et al. 2016; Marcel et al. 2018a). Thus, the use
of the said techniques provided information for the
investigation of the crustal permeability related to
hydrothermal process in the study area.

Figure 8. Radially averaged spectrum analysis of the entire study area. In the upper box, the black curve

presents the power spectrum divided into three segments: deep source (green line), shallow source (purple line)

and noise (blue line). The red curve in the lower box represents the estimated depth from the Spector and Grant

(1970) principle.
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RESULTS

Radially Averaged Power Spectrum Analysis

The Bouguer anomaly map (Fig. 5) presents
some positive and negative anomalies that tally to
well-known geological belts (Abate Essi et al. 2017).
The radially averaged power spectrum analysis was
performed to determine firstly, the Moho disconti-
nuity depth of the entire study area, and secondly,
the intra-crustal depth of density contrast inferred
from some specific anomalies. The radially power
spectrum was calculated by averaging the energy in
all the directions for the same wavenumber. The
slopes of the power spectrum curve delineate the
depths of density contrasts. The energy spectrum
(Figs. 8, 9) can be split into three remarkable sec-
tions comprising deep sources (green), shallow
sources (purple) and noise (blue) components. Be-
sides, the results of the computation also depend on
the grid dimension. The study area, which corre-
sponds to a 1� 9 1� (or 111 km 9 111 km) grid
dimension, was used for radially averaged spectrum
analysis. Likewise, Poudjom (1993), Leseane et al.
(2015) and Goussi et al. (2017) demonstrated the
efficiency of this grid dimension to determine Moho
depth. In restricted areas, this technique enables to
estimate the depth of the causative source of located
anomalies (Atawa et al. 2016; Arefaee 2017; Akin-
lalu et al. 2018). In this regard, the depths of gravity
sources for the main anomalies were investigated
through this technique.

Figure 8 presents the deepest discontinuity
estimated in the study area at 24 km corresponding
to the Moho depth. This result is in accordance with
the findings of Poudjom (1993), who evaluated in the
same region the crustal thickness at 25 km using
terrestrial gravity data. Furthermore, Stuart et al.
(1985) determined a Moho depth at 23 km using
seismic data of active source, while Tokam et al.
(2010) and Eloumala et al. (2014) obtained the val-
ues of 25.5 km and 25–28 km, respectively, using
seismic data from passive source. Figure 9 exposes
the estimated depths of gravity sources deduced
from located anomalies (Table 3). Each located
gravity anomaly was extracted individually for
computation. The results of power spectrum analysis
performed on these located anomalies enabled to
investigate shallow crustal structures. The volcano-
sedimentary formations characterized by positive
anomalies in Poli and Bibémi areas revealed the two
density contrast depths at 11.5 and 6.5 km for the

first (Fig. 9a) and 12 and 5 km for the second
(Fig. 9b). The depths of causative source that were
inferred from located anomalies of Sinassi, Band-
joukri and Guider are 5–2 km (Fig. 9f), 6.5–4 km
(Fig. 9g) and 7–4 km (Fig. 9h), respectively. The
curves of radially averaged power spectrum of the
negative anomalies reflecting sedimentary basins of
Benue, Koum and Léré enabled to estimate the
bottom of the gravity sources at 7–4 km (Fig. 9c),
7.5–5 km (Fig. 9d) and 9.5–5.5 km (Fig. 9e),
respectively.

Euler Deconvolution

In the present work, a moving window of
15 9 15 km was used to solve the homogeneity
equation (Thompson 1982; Reid et al. 1990) with a
structural index N of 0.5. This structural index is
interesting to locate structures like contacts, faults or
sills. Theoretically, the perfect structural index to
identify linear solution is equal to zero. However,
the case of structural index equal to zero is physi-
cally impossible because it should involve a constant
gravity field regardless of the distance from the
source (Thompson 1982; Marcel et al. 2018a).

Figure 10 exposes the map of Euler solutions
for the study area in plan (Fig. 10a) and in per-
spective (Fig. 10b) views. Three regions are chiefly
distinguished:

� The Benue Trough characterized by very
shallow lineaments. Despite the fact that
some structures are identified near 10 km
depth (Fig. 10b), most of the solutions were
found between 0 and 5 km depth. The con-
vexity (Fig. 10b) observed in this region may
explain the weak gravity response induced by
the sedimentary cover of Benue. This region
is bordered by deeper structures notably in
the Poli and Bibémi sectors.

� In the Poli region, along the contact with
Benue Trough, a fracture extending up to
16 km depth was identified. A lineament
trending E–W extending between 2 and 4 km
depth was observed in the South of Bantaje
locality. An alignment of NE–SW trending
fractures, more or less deep, was located in
Guidjiba locality. The TSZ is exposed in the
Euler deconvolution map (Fig. 10a), and it
extends from the south of Tcholliré until Si-
nassi locality, between 2 and 6 km depth.
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Likewise, the Koum fault extends until 8 km
depth.

� The region of Bibémi represents the deepest
fractured zone (beneath 10 km) of the study
area. This zone extends from Bibémi (Ca-
meroon) until Zabili (Chad) following a NE–
SW direction accordingly to the Poli–Ouni-
anga–Kebir heavy gravity line. At the
boundary of Benue Trough, Rey Bouba zone
exposes deep lineament reaching 13 km
depth.

Horizontal Gradient Coupled to Upward
Continuation

The results of the horizontal gradient maxima
coupled with upward continuation are presented in
Figure 11. Linear discontinuities can be observed as
well as their dip. These structural discontinuities are
usually interpreted as faults or geological contacts
(Jaffal et al. 2010; Atawa et al. 2016; Marcel et al.
2018a). It is therefore possible to evaluate the
‘‘gravity dip’’ of some geological structures from

bFigure 9. Radially averaged spectrum analysis of gravity sources

deduced from located anomalies. In the upper box for each

locality, the black curve presents the power spectrum divided into

three segments: deep source (green line), shallow source (purple

line) and noise (blue line). The red curve in the lower box for each

locality represents the estimated depth from the Spector and

Grant (1970) principle. The analyses were performed through the

anomalies in the following localities: a Poli, b Bibémi, c Benue, d

Koum e Léré, f Sinassi, g Bandjoukri, h Guider.

Figure 10. Euler deconvolution map of the study area in plan (a) and perspective (b) views. According to the gravity potential field,

the plan view (a) exposes the distribution of the Euler solutions in the study area, whereas the perspective view (b) reveals the depth

extension of fractures in the NE–SW direction.

Table 3. Density contrast depths estimated from radially

averaged power spectrum analysis (Fig. 8)

Anomalies

(location)

Deep contrast ob-

tained from the first

slope (km)

Shallow density contrast

obtained from the second

slope (km)

Poli (a) 11.5 6.5

Bibémi (b) 12 5

Benue (c) 7 4

Koum (d) 7.5 5

Léré (e) 9.5 5.5

Sinassi (f) 5 2

Bandjoukri

(g)

6.5 4

Guider (h) 7 4
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gravity data. In the study area, we applied a pro-
gressive and regular upward continued distance of
1 km until a maximum height of 8 km. Lineament
dips were visible at the SW and NE sides of the
Benue Trough illustrating its limits. However, the
Benue Trough exposes few structural features be-
cause Cretaceous sedimentary cover obliterates the
gravity signal of basement. Some lineaments derived
from maxima of upward continuation at 0 km are
individual, without superimposition of adjacent lin-
eaments at progressive heights. These lineaments
are very superficial and may be assimilated to noise
or shallow features such as weathered rocks or soil
(Wolfgang and Smilde 2009; Goussi et al. 2017).

Vertical dips were characterized by the super-
position of horizontal gradient maxima at different
upward distances. Figure 11 brings out the following
vertical lineaments.

� Two parallel lineaments (V1 and V2) trend-
ing NE–SW identified around Tcholliré
locality;

� Koum fault (V3) trending E–W;
� E–W Balché fault (V4) located at the north

of Poli;
� At the north of Bibémi, a lineament (V5)

trending NE–SW;
� N–S fault (V6), which appears around Faro

river;

Figure 11. Superposition of horizontal gradient maxima coupled with upward continuation. P1 and P2 are

profiles for synthetic crustal models.
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� Vertical lineaments at edge of Benue Trough,
located especially in Tcheboa (V7) with E–W
direction, and at the west side of Rey Bouba
(V8) oriented NW–SE.

Oblique dip involves the displacement of hori-
zontal gradient maxima gradually with increasing
upward continued distances. In the study area, five
main lineaments were identified, namely:

� Two lineaments (O1 and O2) located at the E
and NE of Bantajé localities. Both structures
follow NE–SW orientation and dip toward
NW;

� At SE of Tcheboa locality, the lineament O3
is oriented E–W and dips toward the S;

� Two lineaments O4 and O5 trending NW–SE
and dipping toward SW located at the NE
and SW of Bibémi.

Gravity Modeling

Gravity modeling proposes a structure of the
upper part of the crust that may explain the ob-
served gravity anomalies, inferred from density
contrast of geological bodies. The solution models
that interpret a specific potential field are not unique
(Blakely 1996; Jones-Cecil 1995; Arefaee 2017). A
good knowledge of the geology and previous geo-
physical works on the study area are required. In our
case, some information on the basement was ob-
tained through spectral analysis technique, which
evaluates the main density contrasts of geological
formations. The modeling method interactively
superimposes the observed gravity anomaly curve
and the calculated or generated anomaly curve in-
ferred from densities characterized bodies within the
crust. It implies to build in the crust some geological
bodies that are defined by density and polygonal
cross sections with finite extensional length in the

strike direction (Rasmussen and Pedersen 1979;
Yashan and Yuayan 2017). A change of bodies�
parameters (density, depth, shape) will automati-
cally modify the calculated curve. The best model
presents a calculated anomaly curve that fits very
well the observed anomaly curve and proposes a
coherent underground structure. For this purpose,
residual anomaly map translates the influence on the
lithology of the superficial part of the earth. The
modeling program used in this study was the GM-
SYS established by NGA (2004). This program is
based on the algorithms of Won and Bevis (1987),
which are incorporated the formulations from Ras-
mussen and Pedersen (1979). The residual anomaly
map (Fig. 7) was used to propose three models (M1,
M2 and M3) because it exposes the variation of
gravity anomaly of the upper part of the terrestrial
crust. These models were built using known geo-
logical information of the study area and considering
a granito-gneiss basement that was intruded and
covered by various lithologies. The density and
density contrasts of gravity bodies are presented in
Table 4.

The model M1 (Fig. 12) is proposed for a 245-
km-long profile trending NE–SW, which links the
localities of Poli (Cameroon) and Pala (Chad). It
crosscuts negative anomalies of the Benue Trough
and covers positive anomalies inferred from high-
density rocks of the volcano-sedimentary formations
of the Poli and Bibémi-Zabili belts. The overall Poli
belt is characterized by positive anomaly with some
variations of amplitude where sedimentary and
volcanic formations crop out. Toteu et al. (2006)
described conglomerate layers in the sedimentary
sequences, whereas Angoua et al. (2008) brought
out alluvia and sandstone, especially in the Balché,
Nigba and Noukla areas. The sedimentary forma-
tions are marked by low density, namely 2.5 g cm�3

(Telford et al. 1990), responsible for the negative
anomalies. On the other hand, volcanic rocks con-
sisting of tholeiitic basalt, tuffs, sodic rhyolites and
trachytes (Toteu et al. 2006; Angoua et al. 2008)

Table 4. Densities of geological bodies used for modeling Adapted from Telford et al. (1990)

Materials Density contrast of rocks

Intrusive Enclosing

Mafic igneous rock (2.79 g cm�3) Granite–gneissic basement (2.67 g cm�3) + 0.12

Sedimentary rock (2.50 g cm�3) Granite–gneissic basement (2.67 g cm�3) � 0.17

Lava (2.90 g cm�3) Granite–gneissic basement (2.67 g cm�3) + 0.23
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have greater density. The volcano-sedimentary belts
of Poli (Cameroon) and Bibémi-Zabili (Chad) are
unique (Njel 1986; Penaye et al. 2006; Bouyo et al.
2015a). The model M1 presents these volcano-sedi-
mentary belts covered, in its center part, by low-
density sedimentary formations of Benue Trough
represented mainly by cretaceous sandstones. Pre-
vious works (Njel 1986; Pinna et al. 1994; Abate Essi
et al. 2017) demonstrated that the Yola–Garoua
branch of Benue Trough covers the volcano-sedi-
mentary formations of the Poli and Bibémi-Zalbi
belts. Mafic igneous rocks belonging to this volcano-
sedimentary belt are characterized by moderate
density of 2.79 g cm3. Greenstone belts (Isseini 2011;
Bouyo et al. 2015b; Mbaguedje 2015) are distin-
guished around volcano-sedimentary formations in
the NW Cameroon and Mayo Kebbi (Chad) do-
mains. Cenozoic volcanic formations are also ex-
posed within the Garoua basin. These are basaltic,
phonolitic, trachytic rhyolitic formations belonging
to the Cameroon Volcanic Line (Ngounouno et al.
1997). The said formations are associated with a
granite–gneissic basement that are characterized by
a crustal density of 2.67 g cm�3. The model illus-
trates the continuity of volcano-sedimentary belt on
the heavy gravity line along the Benue Trough until
Mayo Kebbi in Chad. The end of the model presents

the granitoids of Pala (Chad) and mafic igneous
formations described by Pouclet et al. (2006).

The model M2 (Fig. 13) follows a NW–SE
profile extending along 100 km distance. On the
profile, positive anomaly is bordered by low-mag-
nitude anomalies. In the Sinassi region, the spectral
analysis highlighted a density contrast discontinuity
at 5 km depth, which corresponds to the limit depth
of the mafic igneous rocks of the volcano-sedimen-
tary belt. Louis (1970) suggested the appellation
‘‘heavy line’’ for the Chad-Cameroon gravity line
trending NE–SW because of the presence of high-
density rocks. In this sector, Bouyo et al. (2015b)
described metavolcanic rocks associated with
greenstones, which differ from transitional to calc-
alkaline magma compositions with mostly high Mg
concentration. These mafic rocks should be respon-
sible for this positive gravity anomaly. Finally, the
low-density sedimentary basins of Koum and Léré
consisting mainly of sandstones, clay and conglom-
erates (Nolla et al. 2015) border the model. The
model brings out the two litho-structural units
namely the North and Adamawa domains (Toteu
et al. 2001, Van Schmus et al. 2008) related to the
Koum fault and TSZ. The basement consists mani-
festly of granitoids and low-to-high-grade gneiss
(Diab 2016).

Figure 12. Gravity model from profile M1. 1: granito-gneiss basement (density = 2.67 g cm�3) 2: volcano-

sedimentary formations (density = 2.79 g cm�3) 3: sedimentary basin (density = 2.5 g cm�3) 4: volcanic lavas

(density = 2.9 g cm�3) 5: major fault.
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The third model M3 (Fig. 14) pertains to a
profile of 47 km according to a NW–SE direction.
The model starts by the intra-continental basin of
Babouri-Figuil, which is mostly filled by low-density
sandstones associated with silt, maltstone and lime-
stone (Schwoerer 1962). The end of the profile is
marked by the Chadian sedimentary basin of Léré
with low-density components involving low-magni-
tude gravity anomaly at the Mayo Kebbi domain.
The granite–gneissic basement presents some intru-
sions of denser materials influencing the ascent of
the curve. The mafic to intermediate complex and
the greenstone belt are presented in the model as
mafic igneous rocks within the basement. The
granitoid batholith of this geological domain is
integrated in the basement.

DISCUSSION

The geology of north-central Cameroon in-
volves two main litho-structural domains of Ca-
meroon (Toteu et al. 2001; Van Schmus et al. 2008)
separated by the sinistral TSZ and characterized by
various geological formations. Louis (1970) defined
an alignment of positive gravity anomalies trending
NE–SW known as the Poli–Ounianga–Kebir heavy

line. Along this Chado-Cameroonian gravity axis,
interesting uraniferous and auriferous deposits are
found on the southwestern to the northeastern sides
of the Benue Trough (Kusnir and Moutaye 1997;
Tchameni et al. 2013; Mbaguedje 2015; Abate Essi
et al. 2017). Gravity modeling of the subsurface was
performed to show the coherent relationship be-
tween geological formations, mineral deposits and
gravity signal. In this regard, gravity data derived
from the EGM2008 geopotential field model, which
consists of terrestrial, marine and satellite data, are
suitable for gravity investigation (Eyike et al. 2010;
Abate Essi et al. 2017; Marcel et al. 2018a, b). The
various techniques used enable to recognize some
patterns of the terrestrial crust.

The radially averaged power spectrum analysis
(Spector and Grant, 1970) showed a mean depth of
source at 24 km in the study area that can be asso-
ciated with the Moho discontinuity and enabled to
identify density contrast depths around some specific
gravity anomalies. These results are in accordance
with the assumption of a thinned crust in the area
(Stuart et al. 1985; Poudjom 1993; Tokam et al. 2010;
Fishwick and Bastow 2011; Eloumala et al. 2014).
This thinned crust has been interpreted as a begin-
ning of rifting in the Adamawa Massif (Poudjom
1993) and in the Upper Benue Trough (Benkhelil

Figure 13. Gravity model from profile M2. 1: granito-gneiss basement (density = 2.67 g cm�3) 2: volcano-

sedimentary formations (density = 2.79 g cm�3) 3: sedimentary basin (density = 2.5 g cm�3) 4: major fault TSZ:

Tcholliré shear zone KF: Koum fault.
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1986). The proximity of the high-density upper
mantle to the surface in the study area raises many
implications. In the Pan-African Orogenic Belt, the
presence of several ultramafic to mafic rock suggests
the importance of mantle–crust interaction (Toteu
et al. 2004) and the intrusion of mantellic materials
into the crust (Mbaguedje 2015). Barbarin (1998)
illustrated the relation between granitoid types, their
origins and their geodynamic environments. Thus,
the granitoids registered in the study area have
mantle and mixed crustal-mantle origins. The calc-
alkaline granitoids of the Poli, Bibémi belts and the
Mayo Kebbi batholith (Njel 1986; Pouclet et al.
2006; Tchameni et al. 2013; Bouyo et al. 2015b) de-
rived obviously from a mixed crustal-mantle source.
In addition, (Dawaı̈ et al. 2013) pointed out the
mantle signature of the Guider alkaline syenite.
Actually, the ultramafic and mafic rocks are char-
acterized by higher density than the silicic granitoids
or detrital sedimentary rocks (Table 4).

The solutions of Euler deconvolution and hor-
izontal gradient maxima coupled to upward contin-
uation technique brought out lineaments interpreted
as fractures or faults. The Cretaceous Benue Trough
made of low-density sediments highlights very few
lineaments. In return, the filtering of the geopoten-
tial field presented its neighboring formations,

namely Poli and Bibémi-Zalbi belts, as fractured
zones marked by the deepest faults of the study area.
These crustal fractures put in evidence the pervi-
ousness of the upper part of the Earth. Likewise, the
three models took into account the density of the
main geological belts that interpret graphically the
gravity anomalies. The geometry of geological bod-
ies was in adequacy with the density contrast depth
in the study area. Besides, more or less dense
materials were brought out beneath the Benue
Trough as well as in the Poli, Bibémi and Sinassi
regions. Consequently, the name ‘‘heavy’’ gravity
line in the study area can be manifestly considered
as a set of more or less dense geological materials in
the upper crust following NE–SW direction. Gold
deposits line up on this gravity line, especially
around the TSZ (Abate Essi et al. 2017). Auriferous
quartz veins studied in this area present the analo-
gous direction interpreted as regional strike slip
shear zones trending NE–SW, similar to the TSZ
(Tchameni et al. 2013). Thus, fractures highlighted
in this work brought out the crustal permeability in
the study area illustrating migratory passages for
mantle formations found at the surface. Besides,
these fractures zone are favorable for hydrothermal
and Au–U-mineralized fluids migration.

Figure 14. Gravity model from profile M3. 1: granito-gneiss basement (density = 2.67 g cm�3) 2: volcano-

sedimentary formations (density = 2.79 g cm�3) 3: sedimentary basin (density = 2.5 g cm�3) 4: major fault.
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Finally, two synthetic models of the geological
basement (Figs. 15, 16) are proposed to illustrate the
2D geometry of the mineralized crust of the study
area including the Poli and Rey Bouba orogenic
belts. These synthetic models take into account the
main results of this study and the known geological
information of the region. The subsurface of the
models is more detailed than the deepest part and is

deduced from the power spectrum analysis of the
located anomalies, the technique of Euler decon-
volution and maxima horizontal gradient coupled to
upward continuation and gravity modeling. This is
justified because the external part of the crust is
evidently most well known. Moho discontinuity
depth is the main information obtained that de-
scribes the deepest part of the study area and

Figure 15. Synthetic model of the crust around the Benue Through. 1 Upper mantle, 2 crust, 3 Neoproterozoic

granite–gneiss basement, 4 Cretaceous sandstone, 5 mafic to ultramafic rocks, 6 Cenozoic volcanic rocks, 7 faults,

8 hydrothermal fluid, 9 gold, 10 uranium.

Figure 16. Synthetic model of the crust around the Tcholliré SZ. TSZ: Tcholliré SZ, KF: Koum fault. 1 Upper

mantle, 2 crust, 3 Neoproterozoic granite–gneiss basement, 4 Cretaceous sandstone, 5 high-density Fe–Mg-

enriched rocks, 6 faults, 7 hydrothermal fluid, 8 gold.
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establishes the mantle origin of some rocks
outcropping in the study area. The filtering of
gravity field revealed that the Poli, Bibémi and Si-
nassi regions coincide with both positive gravity
anomalies (Figs. 5, 7) and deep fractures zones
(Fig. 10) superimposing ore deposit sectors (Fig. 2).
Hydrothermal fluid migration and fractures seem to
be the key factors that influence gold and uranium
mineralization in the study area (Kouske et al. 2012;
Mbaguedje 2015; Abate Essi et al. 2017).

The synthetic model of the crust around the
Benue Trough (Fig. 15) is proposed for a profile
trending NE–SW (Fig. 11) and incorporates the
main findings of this works. The filtering of gravity
data highlighted faults, high-to-low-density geologi-
cal bodies. Uranium occurrence in Kitongo near Poli
and in Zabili (Fig. 2) is related to albitization and
metasomatic processes along faults and fractured
areas within granitic formations (Oesterlen and
Vetter 1986; Kouske et al. 2012; Mbaguedje 2015).
Fractures and faults control fluid circulation and
mineralization of uranium. Heat transfer and
hydrothermal fluid circulation were derived from
magma emplacement of the batholith (Eldursi et al.
2009). Likewise, magmatism played a role in the
dynamics of the mineralizing fluids during gold
mineralization within the heavy gravity line (Tcha-
meni et al. 2013; Abate Essi et al. 2017). Lerouge
et al. (2000) demonstrated similarly in the French
Massif Central that the compositions of the miner-
alizing fluids as well as the control of fluid regime
evolve with the successive depositions of gold. Pat-
terns obtained from filtering of potential field en-
abled to analyze the relation between potential field
and spatial distribution of ore deposits (Faure et al.
2009). The model also shows volcanic formations
around the Poli (Njel, 1986), Garoua (Ngounouno
et al. 1997) and Bibémi (Isseini 2011; Mbaguedje
2015) zones.

The second synthetic model of the crust around
Sinassi (Fig. 16) pertains to a N–S profile between
the intra-continental sedimentary basin of Léré and
Koum. As the previous model, Figure 16 presents
the TSZ as the major tectonic feature of this region.
This shear zone is interpreted as the southeastern
edge of the Poli–Ounianga–Kebir gravity line host-
ing auriferous deposits (Abate Essi et al. 2017).
Neoproterozoic granitoids and greenstones carrying
gold deposits are located nearby the TSZ (Laplaine
1968; Toteu et al. 2008). This shear zone, which was
also highlighted by the geophysical results, influ-
enced hydrothermal fluids responsible for gold-

mineralized lodes described in the region (Toteu
et al. 2008; Tchameni et al. 2013). Thus, primary
gold deposits with associated metals like Cu, Ag and
Ni as well as alluvial gold (Pinna et al. 1989) are the
result of the migration of mineralized fluid (Kusnir
and Moutaye 1997; Bierlein et al. 2006; Rabeau
2009).

CONCLUSION

2The gravity data derived from EGM2008
enabled us to model the geological basement of the
north-central Cameroon. The gravity model shows
the geological architecture that may explain the
auriferous and uraniferous ore deposits found along
the Poli–Ounianga–Kebir heavy line. The calcu-
lated Moho discontinuity depth is in accordance
with previous geophysical works. Furthermore, the
filtering revealed the most fractured zones around
the Poli and Bibémi regions, which may be propi-
tious to the presence of hydrothermal fluid
responsible for uranium mineralization found in
these regions. Similarly, gold deposits described in
the study area should follow the same mineral
formation. This case study points out the crustal
permeability for mineral deposits, especially gold
and uranium in the Central African Fold Belt.
Besides, this study highlighted high-density geo-
logical formations inside the crust justifying the
mafic to ultramafic rocks and calc-alkaline to
alkaline granitoid outcropping in the study area.
The targets for detailed mineral exploration are
defined on positive gravity anomaly chiefly around
the Poli, Bibémi, Sinassi and in Pala regions.
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cı́a, J. A., Oyarzun, R., & Villaseca, C. (2015). Geology and
gravity modeling of the Logrosán Sn–(W) ore deposits
(Central Iberian Zone, Spain). Ore Geology Reviews, 65,
294–307. https://doi.org/10.1016/j.oregeorev.2014.10.005.

Collignon, L. (1968). Gravimétrie de reconnaissance de la Ré-
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Koch, P. (1959). Carte géologique de reconnaissance du Camer-
oun au 1/500000ème. Feuille NC 33 SO 0 52 Garoua-Ouest,
avec notice explicative. Publication de la Direction des Mines
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S. F., Penaye, J., & Guimães, I. P. (2008). Proterozoic links
between the Borborema Province, NE Brazil, and the Cen-
tral African Fold Belt. The Geological Society of London,
294, 69–99. https://doi.org/10.1144/SP294.5.

Wolfgang, J., & Smilde, P. L. (2009). Gravity interpretation:
Fundamentals and application of gravity inversion and geo-
logical interpretation. Berlin: Springer.

Won, I. J., & Bevis, M. (1987). Computing the gravitational and
magnetic anomalies due to a polygon: Algorithms and For-
tran subroutines. Geophysics, 52, 232–238.

Yushan, Y., & Yuanyuan, L. (2017). Crustal structure of the
Dabie orogenic belt (eastern China) inferred from gravity
and magnetic data. Tectonophysics, 17, 1–17. https://doi.org/
10.1016/j.tecto.2017.12.016.

497Gravity Modeling of the Au–U Mineralized Crust

https://doi.org/10.1016/j.epsl.2006.05.005
https://doi.org/10.1016/j.epsl.2006.05.005
https://doi.org/10.1016/j.jafrearsci.2005.11.011
https://doi.org/10.1016/j.jafrearsci.2005.11.011
https://doi.org/10.1139/E03-079
https://doi.org/10.1016/S0301-9268(00)00149-2
https://doi.org/10.1016/S0301-9268(00)00149-2
https://doi.org/10.1144/SP294.5
https://doi.org/10.1016/j.tecto.2017.12.016
https://doi.org/10.1016/j.tecto.2017.12.016

	Gravity Modeling of the Au--U Mineralized Crust at the North-Central Cameroon Illustrating Crustal Permeability
	Abstract
	Introduction
	Geological, Structural and Mining Backgrounds
	Adamawa-Yadé (AY) Domain and Intra-continental Sedimentary Basins

	Data
	Methods
	Radially Averaged Power Spectrum Analysis
	Euler Deconvolution
	Maxima Horizontal Gradient Coupled to Upward Continuation
	Gravity Modeling

	Results
	Radially Averaged Power Spectrum Analysis
	Euler Deconvolution
	Horizontal Gradient Coupled to Upward Continuation
	Gravity Modeling

	Discussion
	Conclusion
	References




