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Abstract 
A gravity and magnetic study has been carried out along the continental part 
of the Cameroon Volcanic Line (CVL), with the aim to explore the possibility 
of ore’s presence into the basement of this region. Different processing tech-
niques have been applied, including the isostatic residual, the analytic signal 
and the Euler deconvolution to compute the Bouguer and magnetic anoma-
lies. Following Euler solutions (result of Euler deconvolution) and the analyt-
ic signal results, four profiles crossing main structures on the isostatic resi-
dual have been used to enhance the structure of intrusions in the studied area. 
Despite the lack of constraints in the studied region, the results show that the 
basement is intruded by bodies of different density (2.57 g/cm3 to 2.87 g/cm3), 
different size and shape, with depths between 1 and 10 kilometers. These bo-
dies have been interpreted as old rocks then as potential reservoirs of rare 
ores. In addition, volcanic rocks modeled have constituted potential reserves 
of other ores like graphite, sulfur, copper, iron. 
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1. Introduction 

Up to date, the Cameroon volcanic line (CVL) has been the subject of expe-
riences and intense scientific studies, combining origin and tectonic activity. 
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According to [1], the line represents the surface expression of a geological hots-
pot. [2] relates the origin of the CVL to that of the Benue Trough, and suggests 
that the eruptions along the line are related to the displacement of a hot lithos-
pheric zone from beneath the trough to its present position. [3] proposed that 
the line resulted from a reactivation of Precambrian faults since the Cretaceous 
as a result of the African plate passing over the equatorial bulge. [4] Suggests 
that the trigger for the formation of the Cameroon volcanic line was brought 
about by the establishment of a new plate-wide shallow-mantle convection sys-
tem under the zone of extension between a plume located at 7˚N 11˚E and the 
right angle bend in the African continental margin. The absence of sufficient age 
progression and the occurrence of sporadic magma rise along the CVL volcanic 
centers have favored different models for the origin of the CVL including: 1) 
Edge-driven convection along the northwestern flank of the Congo Craton [5] 
[6] [7], 2) remelting of fossil plume [8], 3) plume-plume interaction [9], and 4) 
decompression melting under reactivated shear zones [10]. However, despite 
this intense geophysical and geological activity, there is limited knowledge re-
garding the presence of deep magnetic rocks or possible ore deposits. 

In this study, we apply the Euler deconvolution then we calculate the analytic 
signal of the magnetic field in order to locate different strange bodies. By using 
constraints from geological, geochemistry and seismic studies, a series of two 
and one-half dimensional (2.5D) gravity models are constructed from the isos-
tatic residual anomaly map. The resulting models can be used in the determina-
tion of the geometrical properties of the volcanic center sources and in deter-
mining the general upper crustal structure of this section of the CVL. 

2. Geological Setting 

The Cameroon volcanic line is a chain of tertiary to recent volcanoes [11]. It is 
oriented N30˚E and several shear zones of the Pan African age segment it [12]. 
The continental part of CVL consists of anorogenic plutonic complexes and 
volcanoes of varying sizes and shapes [12]. In this part, magmas intruded into 
the overlying Proterozoic meta-sedimentary, meta-granitic, and granitic rocks. 

The main volcanoes in the continental CVL include Mounts Etinde, Came-
roon, Manengouba, Bamboutos and Oku, two main plateaus: Ngaounderé and 
Biu [2] [8] [13] [14] [15] [16]. They are dominantly polygenetic, and alternate 
with less evolved monogenetic grabens [17] [18]. Mt. Etinde is a small densely 
forested and highly dissected volcano located on the SW flank of Mt. Cameroon. 
It rises to a height of 1713 m and is made up almost entirely of nephelinitic lavas 
rich in euhedral (3 - 7 mm) highly zoned clinopyroxene phenocrysts [19]. Mt. 
Cameroon is the highest (4095 m) volcano in West Africa occupying a surface 
area of about 1300 km2 (Figure 1). 

Mt. Cameroon is the only presently active member of the CVL with seven 
eruptions recorded in the last century, i.e., 1909, 1922, 1954, 1959, 1982, 1999, 
and 2000 [20] [21] [22]. It is a composite volcano made of alkaline basanitic and  
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Figure 1. Geological and localization of the study area. 

 
basaltic flows interbedded with small amounts of pyroclastic materials and nu-
merous cinder cones [22] [23] [24]. 

Mt. Manengouba (2411 m) is a central volcano whose summit hosts two con-
centric calderas. With lavas that range from basalts to trachytes, quartz tra-
chytes, and rare rhyolites [2] [25]. 

Mt. Bambouto (2700 m) and Oku (3011 m) are Oligocene to Quaternary stra-
tovolcanoes with lava successions comprising a strongly bimodal basalt-tra- 
chyte-rhyolite suite [13] [26] [27] [28] [29]. 

The Ngaounderé Plateau, in the northeastern part of the CVL, consists of al-
kaline basalts and basanites capped by trachytes and phonolitic flows. The most 
recent volcanism in this area consists of cinder cones aligned in a WNW-ESE 
direction, sometimes producing small lava flows [2]. 

The Biu Plateau, located northward of the Ngaounderé Plateau, consists of 
basaltic flows with a maximum thickness of 250 m. This plateau is composed of 
basanites and transitional basalts [16]. 

The history of tectono-magmatic activity in the CVL and adjacent Jos Plateau 
and the Benue Trough reveals four key points with a general age progression 
from the northwest to southeast. These include: 1) The initial phase of magmatic 
activity in the Benue Trough (147 Ma; [30]) occurred at about the same time as 
the emplacement of anorogenic granite ring complexes when the formation of 
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the Jos plateau ended; 2) The transition from the first to second stages of mag-
matic activity in the Benue Trough (106 - 95 Ma) overlaps with the period (100 
Ma) when the Equatorial Atlantic opened, leading to the separation between the 
South American and African plates [31]; 3) The last stage of magmatic activity in 
the Benue Trough (68 - 49 Ma) was contemporaneous with the initial phase of 
intrusive activity of the continental sector of the CVL (66 - 30 Ma) [32]; 4) Vol-
canic activity in the CVL (45 Ma-present, [11] [13] [33]). 

3. Data and Processing 
3.1. Topography 

The elevation data used were extracted from the ETOPO1 database [34]. The 
study area shows high topographic variations (Figure 2). The Adamawa plateau 
and the West’s highlands are the most prominent regions but the mount Came-
roon although isolated remains the highest peak of the CVL. 

3.2. Gravity 

The gravity data set stems from the Earth Gravitational Model 2008 (EGM2008;  
 

 
Figure 2. Topography of the study area from ETOPO1 database. 
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[35]). The new model EGM2008 has been corrected for the long wavelength 
(≥300 km) using Gravity Recovery and Climate Experiment (GRACE) satellite 
data. The model provides earth’s external gravitational potential by a spherical 
harmonic model complete to degree and order 2159, with additional spherical 
harmonic coefficients extending up to degree 2190 and order to 2159. This new 
model provides gravity data with a 5' × 5' nominal resolution. [36] discussed the 
EGM2008 model in comparison to local gravity data sets, and demonstrated its 
usability for regional geophysical modelling. From the free-air gravity anomaly, 
the Bouguer gravity anomaly (Figure 3(a)) has been calculated. 

In this first result, it appears that within the CVL, the strongest positive ano-
malies are located at the Mt. Cameroon region (until 40 mGal) while the strong-
est negative anomalies are located at the central part of the CVL (until-120 
mGal). The Bouguer correction was calculated using the ETOPO1 elevation data 
[34] [36] and by applying the Bouguer correction with a density of 2670 kg/m3 
for the Bouguer slab using GEOSOFT software [36] [37]. 

Positive Bouguer gravity anomaly in the West part of the chart confirms that 
crust’s thickness beneath Mt. Cameroon region and Benue through is the most 
prominent of the study region. 

This first result is impacted by the deep structure of the crust. Moreover, at 
regional scale, only major features can be identified on the Bouguer gravity 
anomaly chart. 

To remove the deep crust effect, an isostatic separation of the Bouguer gravity 
anomaly has been done, with 2.67 as the average value of the density of the crust, 
30 Km as the average value of the crust’s depth and 0.33 as density contrast over 
the study area. The result (Figure 3(b)) shows very heavy structures in the 
South-West part of the continental CVL. The Mt. Cameroon region is seat of the 
highest Bouguer anomaly along the CVL with a maxima of 62 mGal. At the 
north of that region, another peak of Bouguer anomaly appears around of 58 
mGal. On each side of axis formed by these two peaks of positives anomaly, 
there are negative anomalies: a minima of around −20 mGal at the West (Rio del 
ray sedimentary basin) and at the East a minima of around −17 mGal. By mov-
ing northward of the CVL, Bouguer anomalies become relatively weak. It ap-
pears at the Adamawa plateau a Y shape of positive Bouguer anomaly (around 
10 mGal) which separates three areas of masse defect: −30 mGal following 
SW-NE direction, −20 mGal following SE-NW direction and −10 mGal Follow-
ing NW-SE direction. 

3.3. Magnetic 

The magnetic data set used in this study is the global Earth Magnetic Anomaly 
Grid (EMAG2), which is a compilation from available satellite, airborne and marine 
magnetic measurements [36] [38]. This model updates the World Digital Magnetic 
Anomaly Map (WDMAM) [36] [39]. The nominal resolution has been improved 
from 3 arc min (∼5 km) to 2 arc min (∼3 km), and the altitude observation level is  
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(a) 

 
(b) 

Figure 3. (a) Bouguer anomaly; (b) Isostatic residual of the Bouguer anomaly. 
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decreased from 5 km to 4 km above the geoid [36] [38]. For the purpose of this 
study, these data sets have been gridded to produce 5 × 5 km grid (Figure 4(a)) 
using the minimum curvature technic. On this grid, it appears that the North 
part of CVL is the most magnetized, with long wavelength and some relative 
peaks. In that part, magnetic anomaly values are varying between 20 nT and 120 
nT. Inversely, the Southern part of the continental CVL holds a very weak mag-
netic anomaly. In some area this anomaly is even negative (until −40 nT). Mag-
netic anomaly remains positive around each CVL’s mountain, and the Mt. Ca-
meroon region is seat of the most strength anomaly (42 nT). For more precision 
on the location of magnetic rocks within the studied region, the analytic signal 
has been gridded. Amplitude (A) of the analytic signal of the total magnetic field 
(F) was calculated from the three orthogonal derivatives of the field, being de-
fined as the square root of the squared sum of the vertical and horizontal deriva-
tives of the magnetic field [40]: 

( )

1
22 2 2d d d,

d d d
x y

x y z

     =  + +     
      

F F FA
             

 (1) 

where ( ),x yA  is the amplitude of the analytic signal at (x, y), and F is the ob-
served magnetic field at (x, y). 

The horizontal derivatives are calculated directly from a total magnetic field 
grid using a simple 3 × 3 filter, while the vertical gradient is calculated using a 
fast Fourier Transform technique [41]. 

The result of this operation (Figure 4(b)) shows that main source sets of 
magnetic anomaly in the CVL are located in the Cameroon South-West region, 
in the Adamawa plateau region and in the Biu plateau. The result also shows that 
peaks of total derivative of magnetic anomaly is well discrete and no large, 
therefore sources are not regional. In the South-West region, Mt. Etinde and Mt. 
Cameroon are seat of peak of gradient in the range of 3 to 5 nT/Km corres-
ponding to positive anomalies (the area contains magnetic units). But around 
this and until Mt. Manengouba, others peaks appear in the range of 3 to 4 
nT/Km corresponding to negative anomalies. Toward NNW direction after the 
South-West region, the analytic signal values are almost null: this part of the 
CVL doesn’t contain rocks source of magnetic anomalies. In the Adamawa re-
gion, many peaks (3 to 6 nT/Km) appear along a belt of S-E direction and all 
correspond to positive magnetic anomalies. Just above this belt, there is a rela-
tively large peak of 5 nT/Km between two large zones containing none rock 
source of magnetic anomaly. 

Hence, the main magnetic anomaly sources are identified and located on the 
surface. By using the Euler deconvolution, depth of these sources underground 
will be gotten. 

Euler deconvolution is based on solving Euler’s homogeneity Equation (2) 
[42]: The rate of field change with distance, applied to map gridded data, can be 
used to estimate the depth and location of a source by solving Euler’s Homogeneity  
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(a) 

 
(b) 

Figure 4. (a) Magnetic anomaly; (b) Analytic signal of the study area. 
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Equation which states that: 

( ) ( ) ( ) ( )0 0 0x x y y z z N
x y z

∂ ∂ ∂
− + − + − = −

∂ ∂ ∂
F F F B F           (2) 

where 0x , 0y  and 0z  are the source locations whose magnetic field is F, 
measured at x, y and z; B is the regional value of the total magnetic field, N is the 
Structural Index (SI) which characterizes the source geometry. In this study, 
values 2 and 3 have been assigned to N for the detection of pipe and spherical or 
near-shaped bodies. The Euler deconvolution operation has been realized for 10 
km of depth and results were plotted (Figure 5). This result shows that Euler’s 
solutions coincide with peaks of analytic signal confirming the presence of bodies’ 
source of anomalies into the window chose (10 Km). In the Adamawa region, all 
solutions correspond to sources of positive anomalies, but in the South-West re-
gion, some solutions correspond to sources of both positive and negative ano-
malies. 

3.4. Modeling and Discussion 

The above presentation of the gravity and magnetic anomalies reveals that two 
main areas of the CVL display simultaneously remarkable gravity and magnetic 
anomalies: South-West and Adamawa regions. Based on the Euler’s solutions 
display, it has been described four profiles, crossing axes of main sources of 
gravity anomalies in these two regions (Figure 6). Along these four profiles P1, 
P2, P3 and P4, 2D1/2 models have been constructed to get a quantitative estimation  

 

 
Figure 5. Euler’s solutions: full circle for pipe shape (index 2) and empty circle for spher-
ical shape (index 3). 
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Figure 6. Superposition of Euler’s solutions on Bouguer Isostatic residual and profiles P1, 
P2, P3 and P4 layout. 

 
after the qualitative work previously done. 

A major problem in constructing geological models is the lack of subsurface 
constraints (seismic reflection or refraction, density information and drill hole 
data…). Given these obstacles, only general models can be derived showing ap-
proximate geometries and thicknesses of the source bodies of any given anoma-
lies. To conceive an acceptable geological model, a density value for each mod-
eled lithological unit is required. Rock densities were estimated from average 
values measured from rock samples worldwide [43] as no density measurements 
were available from rock samples, seismic velocity measurements or drill holes. 
The final models were obtained through a trial and error process until the calcu-
lated gravity values matched the observed gravity values using geologic and 
magnetic constraints. 

The gravity models show that rocks within the studied areas are very diverse, 
with densities ranging between 2.57 g/cc and 2.87 g/cc. Models also show that 
the majority of source rocks with gravity anomaly signal within studied regions 
are large and deep, except along the profile P1 (Figure 7: some bodies are rela-
tively small and located close to the surface) the Mt. Cameroon region. Globally, 
bodies located within the South-West region are denser than rocks within the 
Adamawa region. 

The model along P1 (Figure 7) shows five main bodies as a source of gravity 
anomalies observed in the region. The body (1) is characterized by 2.84 g/cc  
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Figure 7. Two and one-half dimensional gravity model along profile P1 across the South-west part of the 
continental CVL. The numbered bodies and their densities in mg/cm3 are: (1) Nigerian granitic complexes 
213 - 141 Ma (2.84); (2) sediment rock (2.62); (3) heavy basalt (2.76); (4) crystallized source material (2.84); 
(5) metavolcanic rock (2.87). 

 
with a soft magnetic anomaly (7 - 8 nT), and has been modeled as crystallized 
source material located between 3 and 10 Km of depth. The body (2) which is 
less large and less dense (2.62 g/cc), has been modeled as Precambrian granitic 
batholith’s fragment, located near the surface and might be linked to the tectonic 
event responsible for the separation of African and Southern American plates. 
Body (3) has been modeled as a very heavy basalt of 2.76 g/cc located between 5 
km and 10 km while body (4) has been modeled as a spherical crystallized source 
material, certainly from the same origin as the body (1). The body (5) which is 
the densest (2.87) is source of a substantial magnetic anomaly (about 50 nT); it 
has been located under the Mt. Cameroon and has been modeled as a pyramidal 
form of Precambrian metavolcanics. These models show that South-West’s 
basement is mainly made up of basaltic and other metavolcanic bodies. That re-
sult is similar to that of [44]. According to him the basement of this region is 
crystalline and marked by many huge volcanic mountains, as a result of impor-
tant volcanic eruptions. 

The model into the South-West region (Figure 8) consists of two bodies, 
sources of anomalies. The denser (2.81 g/cc) under the NW of P2 is logically the 
same body as the body (1) under the NNW of P1. It has a soft magnetic anomaly 
between 7 and −8 nT and has been modeled as crystallized source material, 
which takes place from near the surface up to 10 km of depth. Next to this body  
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Figure 8. Two and one-half dimensional gravity model along profile P2 across the 
South-west part of the continental CVL. The numbered bodies and their densities in 
mg/cm3 are: (1) Nigerian granitic complexes 213-141 Ma (2.81); (2) Sediment complex 
(2.61). 

 

 
Figure 9. Two and one-half dimensional gravity model along profile P3 across the South part of the Adamawa 
plateau. The numbered bodies and their densities in mg/cm3 are: (1) and (3) Precambrian granitic batholith (2.62) 
and (2) Precambrian basement rocks (2.70). 

 
along P2, there is a mass defect (2.61 g/cc), the body (2) which is a source of mag-
netic anomalies in order of 5 nT and that has been modeled as a sediment complex. 
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The model along P3 located beneath the Adamawa region (Figure 9) consists 
of three bodies, sources of strong magnetic anomaly (from 70 to 115 nT). Bodies 
(1) and (3) are sediments source of masse defect (2.62 g/cc) with about 75 nT of 
magnetic anomaly have been modeled as Precambrian granitic batholith which 
takes place from around 2 Km to 10 Km of depth and separate by the body (2) 
modeled as basaltic because of its density (2.69 g/cc) and its magnetic anomaly 
of about 115 nT. 

Under P4, the model (Figure 10) shows also three body sources of anomalies. 
The body (1) located between 4.5 Km and 10 Km, is source of soft gravity ano-
maly (2.68 g/cc) and strongly magnetized (up to 115 nT of magnetic anomaly) 
and has been modeled as basaltic unit. It is certainly a prolongation of body (1) 
into the model C. The second body (2) is less magnetized than the first (60 - 80 
nT of magnetic anomaly) but denser (2.70 g/cc) and has been modeled as a 
shallow unit of basalt (from 2 Km). Contrarily to previous bodies, the body (3) 
under NE front of P4 is a mass defect of 2.58 g/cc and without magnetic anoma-
ly. It has been modeled as pyroclastic/rhyolite unite that extends from 3 to 10 
Km of depth. Hence, the basement of the Adamawa plateau is modeled into the 
first 10 kilometers as pyroclastic/rhyolite and Precambrian granitic batholith 
units intruded by basaltic rocks. This result is in agreement with [2] [15]. Ac-
cording to these authors, the Ngaoundere Plateau, consists of alkaline basalts 
and basanites capped by trachytes and phonolitic flows. 

 

 
Figure 10. Two and one-half dimensional gravity model along profile P4 across the Adamawa plateau. The numbered 
bodies and their densities in mg/cm3 are: (1) acid volcanic flows (2.59); (2) Precambrian basement rocks (2.70) and 
(3) basaltic body (2.68). 

https://doi.org/10.4236/ojg.2020.1010047


F. T. M. E. Eric et al. 
 

 

DOI: 10.4236/ojg.2020.1010047 1022 Open Journal of Geology 
 

The most recent volcanism in this area consists of cinder cones aligned in a 
WNW-ESE direction, sometimes producing small lava flows. 

These old bodies (crystalline source rock, Precambrian granitic batholith and 
very heavy basalt) have endured during long age strong pressure and tempera-
ture, which would probably lead to the formation of rare ores. Also, with a fa-
vorable hydrothermal system, the study region would hold many ore fields like 
graphite (which occurs in eruptive and hot metamorphic rocks); sulfur (which 
upholster side around the volcanic steam); copper (taking place in basic eruptive 
rock); another ore (FeTiO3, (Mn, Fe)2O3, (Mn, Fe)2O3, olivines (Mg, Fe)2SiO4) 
which also take place into eruptive rocks and which explain through their pres-
ence, the high magnetism in the Adamawa plateau and Mt. Cameroon regions. 

4. Conclusions 

This work aimed to study the Cameroon Volcanic Line from gravity and mag-
netic data, in order to explore potentials ore deposits across this area. To get the 
main aim of this study, isostatic separation has been applied to gravity data to 
obtain the isostatic residual. Then the analytic signal and Euler deconvolution 
have been applied to magnetic data as it was needed on one hand to identify and 
locate magnetic sources on the surface and on the other hand to get an idea 
about depths of these sources underground. To end, Euler’s solutions and isos-
tatic residual have been crossed in order to choose good profile locations and 
construct different models. 

The study has revealed many particularities. The Bouguer gravity anomalies 
transformed into isostatic residual gravity anomalies showed that the study area 
can be split in two main regions: the South-West part characterized by anoma-
lies of great wavelength with strong intensity and the Adamawa region part, 
overall characterized by a large mass defect crossed by denser Y bodies shaped 
forward NE direction. Contrary to gravity signal, magnetic anomaly wavelength 
is globally longer and stronger in the Adamawa region than in the South-West, 
except at Mt. Cameroon and Mt. Etinde which are particular seats of strong 
magnetism. The analytic signal has confirmed that these two mountains and the 
Adamawa region were seats of magnetic bodies. The Euler deconvolution re-
vealed that sources of these magnetic anomalies were potentially located into the 
first 10 km except for the strong magnetic body over the Adamawa, which must 
be located deeper. The four gravity models were built along four profiles chosen 
following the Euler solutions layout and the feature of gravity anomalies, indi-
cated that the observed anomalies are caused by a series of both low and high 
density bodies compared to the country rock (granite, 2.67 g/cc) within 
South-West and Adamawa region. Despite the lack of subsurface constraints in 
CVL, calculated bodies located between 1 and 10 km have been interpreted as 
old rocks (crystalline source rock, Precambrian granitic batholith and very 
heavy basalt) then as potential reservoirs of rare ores. In addition, volcanic 
rocks modeled have constituted potential reserves of other ores like graphite, 
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sulfur, copper, iron. 
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