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The study area includes an area between 6° to 8°N and 11° to 15°E. Geologically, it belongs to Precambrian basement (granites,
gneisses), Proterozoic, and Archean (volcanic) series, showing the main heat sources of Cameroon. The purpose of this study
deals to analyze and interpret the EMAG2 magnetic data in the Adamawa area using various advanced processing techniques.
Thus, the mapping and depth estimation of underground structures are realized. The analysis of aeromagnetic map of the
reduction to equator (RTE) in Adamawa area reveals rapidly evolving subsurface geological presented its lithological and
structural. In the same, the power spectrum-processing tool clearly emphasizes shallow and deep underground heat sources.
Two magnetic source location methods (source parameter imaging and analytical signal) are used to characterize of the source.
The estimated magnetic source depths from source parameter imaging (SPI) are between 0.3 km and 22 km. The analytical
signal ranges from 0.2 km to 31 km. In addition, the comparative study of 2D magnetic modelling showed that the basement is
affected by the faults in the main directions of N-S, NE-SW, NW-SE, and WNW-ESE. The resulting structural map based on
the tectonic map of Adamawa magnetic basement is a document that can simplify future hydrological and geothermal
exploration.

1. Introduction

The present work focuses on the Adamawa region of Cam-
eroon. The study area is an important morpho-tectonic
structure located in the Pan-African fold zone in Central
Africa [1], commonly known as Adamawa Yade Domain
in Cameroon (AYD) [2]. It is believed that due to the reac-
tivation of the Precambrian faults passing through the area,

its uplift began in the Upper Cretaceous and expanded in
the tertiary, like Darfur in Sudan, Tibesti in Chadian Sahara,
Hoggar in the Algerian Sahara, or the “Rift Valleys” in East
Africa. Adamawa is one of the African uplifts related to
intraplate volcanism. Geophysical studies conducted in the
area have revealed the source of hydrothermal solution,
mineralization, and its relationship with other geological
phenomena such as lithospheric thinning, tectonics, and
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volcanism [3–8]. Geothermal activities are mainly promi-
nent in the eruption center, especially in the Mount Camer-
oon, Adamawa region, and along the Cameroon Volcanic
Line (CVL) (e.g., [9–12]).

Several authors have studied the internal structure of the
Earth below the Cameroon Volcanic Line (e.g., [10, 13–17]).
Therefore, on this region, Noutchogwe [18] highlights the
correlation between the lineaments inferred from magnetic
anomalies, thermo-mineral sources, and the hydrographic
network. Some criteria for analyzing magnetic data are dis-
cussed in this paper. This paper also introduces some techni-
cal and software tools for processing and interpreting
EMAG2 data to outline the characteristics of underground
structures (deep and shallow). Therefore, the main objective
of this work is to highlight the subsurface structure model.
The model evaluation principle focuses on the spectrum at
the reduced equator and the power curve of the regional
residual separation. The source parameter images and ana-
lytical signal are used for quantitative depth estimation in
addition to the interactive 2D magnetic modeling package
run in the Geosoft program [19].

2. Geological Outline

Since the 1950s, the geological survey of Adamawa area has
experienced three main stages [20, 21]. In the 1950s, after
investigation and research, the geological map of Cameroon

(Bureau of Mining and Geology) was established. This is
followed by recent studies on the central domain of the
Pan-African chain in Cameroon (e.g., [1, 22–29]) and finally
on the Cameroon Line in Adamawa region [30–35]. These
studies now allow the geological structure of Adamawa to
be divided into two categories (Figure 1): bedrock and over-
lying formations.

The bedrock in this area includes Pan-African forma-
tions (sensu stricto) emplaced during orogeny and forma-
tions inherited from an older Pan-African structure. The
reworked Paleoproterozoic formations are granulites com-
posed of gneisses with high metamorphism aged at 2100
MA on the North Equatorial Pan-African chain of Camer-
oon [1, 22, 24]. These formations occur as cores (relics) in
Pan-African formations [1, 24, 25, 28]. Granitoids, undiffer-
entiated gneisses, and Lom series metasedimentary rocks
constitute Pan-African formations “sensu stricto.” Granit-
oids dominated by syn-tectonic granites are abundant below
the Central Cameroonian Shear Fault Zone [24, 26, 29].
Undifferentiated gneisses are mainly distributed in the west
of the area. Lom series metasedimentary rocks are composed
of volcano-sedimentary and graphitic schists, quartzites, and
micaschists [22, 36]. This series rests in discordance on the
granito-gneissic basement [22].

The cover formation is a post Pan-African formation rep-
resented by Cretaceous sedimentary series and Cenozoic vol-
canic formations. The Cretaceous sedimentary series are the
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Figure 1: Geological map of Adamawa area (modified from [4, 22, 28]).
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filling sedimentation of Djerem-Mbéré basin. Djerem basin is
composed of red clays and is located on the sandstone layers.
InMbéré trough,marls and clays are deposited on fine arkosic
sandstones and conglomerates, partially covered by basanite
flow [4, 37]. Many geological structures in Adamawa are
mainly composed of basalts. These formations are related to
volcanism along the Cameroon Line [38]. These rocks occur
in the form of veins and,most importantly, in the form of very
extensive but relatively thin flows that are strongly damaged
by erosion and alteration. The emission types are fissural or
Hawaiian, Vulcanian, and Strombolian [39]. The ages of lavas
vary from Oligocene [40] to Mio-Pliocene [41, 42] [43] and
Pleistocene [44] in the Ngaoundéré area. The volcanic rocks
observed in this area are alkaline and related to continental
rifts [45]. Related structures include the Cameroon Shear
Zone, the South Adamawa Trough depression, and the Cam-
eroon Volcanic Line.

3. Methodology and Data

This study is based on the magnetic field satellite data (Mag-
sat) [46]. Adamawa and Central African shear zones (CASZ)
have a large area of important negative anomaly. It crosses
Africa from West to East and is about 1200 kilometers wide.
The amplitude is 2 nT, extending longitudinally from ENE-
WSW to E-W and from the Atlantic coast to about 30° E.
Some satellite data show that the amplitude of this huge
anomaly increases with the movement to low altitudes.
Authors such as Regan et al. [47] and believe that this anom-
aly is a deep source anomaly of “de Bangui,” while Dorbath
et al. [5] attributed it to the lithospheric crust.

Since there is no single method to interpret magnetic
data, many principles or parameters need to be considered
when processing data. In fact, these parameters returned
subsurface information’s due to the magnetic signatures.
They include the depth, shape, direction, and remanence of
causal elements. In this study, magnetic data processing
techniques (such as reduction to the equator) were per-
formed using Geosoft mapping and processing system [19].
This reduction to the equator (RTE) data can be used for
other survey tools to comprehensively infer the shape of
underground structures. In addition, the residual filter, the
depth estimation of source parameter images and analytical
signal will lead to 2D profile modeling. The available RTE
data are used to describe the characteristics of underground
structures and effective trends related to these structures.

According to Nabighian [48] analytical signal is the
three-dimensional (3D) vector where the absolute value of
this signal is defined as the square root of the squared sum
of the vertical and the two horizontal derivatives of the mag-
netic field. If M is the magnetic field, then the absolute value
of this signal is given by:

A x, yð Þj j =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∂M
∂x

� �2
+ ∂M

∂y

� �2
+ ∂M

∂z

� �2
s

: ð1Þ

For effective modeling, a thorough knowledge of the geo-
logical structure of the basement of the study area is

required; thus, certain parameters (position, depth, and con-
trast of susceptibility) of the source must be carried out start-
ing from the knowledge of the structure. The 2D modeling is
an appropriate method for modeling the base, seams, and
semi-infinite contacts. The choice of the profile layout
depends on the form and the position of the sources. On
the residual map, the profiles are drawn perpendicularly to
the anomalies using Geosoft’s “GMSYS” module.

4. Results and Discussion

4.1. Total Magnetic Intensity (TMI) Anomaly. Figure 2
shows a series of positive (7.5 nT to 134nT) and negative
(121.2 nT to 0nT) magnetic anomalies. These anomalies
are polarities and have different form, wavelength and
amplitudes, polarities, and ranges. All of these depend on
underground characteristics as depths, sources, and compo-
nents. It also reveals that most anomalies are arranged along
the E-W direction with obvious and regular gradients, indi-
cating that different tectonic forces in geological history have
affected the area. Short wave and short amplitude negative
anomalies were found in the SW and NE of the Adamawa
region. These anomalies are caused by surface magnetism
as highlight by Nnange [49]. The positive anomalies have
long wave, and continuous amplitudes extend from Ngaoun-
déré to Kontcha and SE of Meiganga. The observed anoma-
lies are round, elongated, and strongly graded oval contours.

Similarly, the comparison of the geological map of the
region (Figure 1) and the magnetic field intensity map shows
that there is a close correlation between geology and the var-
iation of regional magnetic field intensity, which may be due
to the different parameters of existing causal elements (mag-
netic rocks). Furthermore, Figure 2 shows high magnetic
field intensity in Djohong, Kontcha, Mayo-Baléo, Meiganga,
Nganha, Ngaoundéré, Tignère, and Woulndé. They are
related to the high abundance of magmatic rocks (such as
Basalts and Gabbros) of regional volcanism or the tectonics
of the region [8].

The short wave anomalies in the SE and SW of the uplift
axis can be lying to the influence of the shallow sources and
the crustal [50]. These are being also due by the Cretaceous
uplift in NE Cameroon [51]. The long wave anomalies are
highlighting the solid formations in deep depths. Therefore,
the result of this study are consistent as those of Nguiya [52],
indicating the suppression of tilt effect and magnetic field
declination; the shape and size of magnetic anomaly have
changed slightly, showing an important discontinuity.

4.2. Reduction to the Equator Technique. Figure 3 shows that
the pink, green, and magenta patches are located to the
north and southeast. They reflect the high magnetic
response. These are positive anomalies with magnetic values
ranging from 1.9 nT to 126.9 nT, showing a NE-SW and
NW-SE orientation. In addition, amplitude values between
-85.9 nT and -2.7 nT indicates weak magnetic zones in the
core of the investigation area. They are represented by the
blue, green, and yellow colors indicating negative anomalies.
The anomalies are usually of the NW-SE and NWW-SEE
orientations. Figure 3 also shows a contact point in the
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northern Adamawa region, distinguishing the high magnetic
reply area from the weak magnetic reply area. This indicates
that the degree of anomaly is directly proportional to the size
of the causal bodies.

4.3. Regional-Residual Separation. This section uses radially
average power spectrum filter (band-pass filtering) to obtain
a residual magnetic anomaly by rejecting from the RTE,

regional features of the magnetic anomaly field [53]. In this
method, we firstly make the RTE grid periodic before any
passage into the wave number domain by FFT (fast Fourier
transformed). The second stage consists of finding by a trial
and error procedure and the best wavelength combination
that best enhance the regional/residual features of the mag-
netic field after the computation of the spectrum. The wave-
lengths cutoff are systematically adjusted until the regional
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Figure 3: Reduced magnetic map at equator (RTE) illustrating location of 2D magnetic modeling profiles.
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and residual component of the magnetic field agrees with
known geology of the region. Using the fast Fourier trans-
form filtering (FFTFIL) program [19], the applied RTE cor-
rection contributes to an inclination of -10.98° and a
declination of -0.91°. The last step is interpretation tech-
nique, in which different types of processing and filtering
are performed on the RTE aeromagnetic map to improve
the quality of data and separate the shallow source anomaly
from the deep source anomaly.

4.3.1. Regional Magnetic Anomaly (RMA) Map. The RMA
(Figure 4) highlights large wavelength and characterizes
deep magnetic sources. Similarly, a detailed analysis of this
map correlates with those has appeared in the RTE magnetic
map (Figure 3), with lower amplitudes and frequencies.
These structures are mainly near N-S and NW-SE. Positive
anomalies are obviously related to the surrounding magnetic
characteristics in Mayo Baléo, Woulndé, Tignère, Ngaoun-
déré, Kontcha, Nganha, Belel, Djohong, and Meiganga hot
springs to varying degrees. These positive anomalies have
great amplitudes ranging from 0nT to 104.5 nT highlighting
the formations due to high aimantation like ultrabasic intru-
sions. The negative anomalies have its amplitude between
-84.7 nT and 0nT. This last highlights the formations due
to poor aimantation sources. They are also found in Mayo
Darlé, Banyo, Tibati, and Dir areas.

4.3.2. Residual Magnetic Anomaly Map. The residual mag-
netic component map (Figure 5) shows discontinuous var-
iations in magnetic contrast related to geological features
and/or shallow bodies’ features. In general, constitutive
structures and/or respective depths of their sources may
cause these changes. Some high amplitude magnetic
anomalies have been found in Eocene ferruginous sand-

stone formations. They have E-W, ENE-WSW, and N-S
orientations with magnetic values ranging from 0nT to
31.6 nT. On the other hand, low amplitude magnetic
anomalies are geologically related to the formation of Cre-
taceous sediments, ferruginous conglomerate, lateritic
sandstone, grey clay, and ferruginous grey clay stones.
Their amplitudes range from -31.1 nT to 0nT and are
NE-SW and N-S directions.

4.4. Spectral Analysis. Spectral analysis, also known as
“power spectrum curve,” is a technique based on fast Fourier
transform filtering [54]. Figure 6 presents the radial average
power spectrum calculated for RTE map. It presented three
parts: the deep sources, shallow sources, and noise. The deep
(or regional) sources are the first part with the frequency
range 0.05 km-1 and joint to the high wavelengths repre-
sented on the RMA. The shallow (or residual) sources are
the second part with the frequency range from 0.1 to
0.3 km-1 corresponding to short wavelengths. These wave-
lengths are represented on the RTE. The third part of the
noise with a frequency is greater than 0.3 km-1. The slope
of the straight of both first parts is used to estimate the aver-
age depths of magnetic sources. The depths of 1.6 km are
due to the regional sources, while the depths of 23 km are
due to the residual sources (Figure 6).

4.5. Quantitative Interpretation. Quantitative interpretation
involves numerical analysis functions applied to potential
field data. Therefore, it helps to determine various geological
constraints including source location, shape, depth, thick-
ness, and composition. Three methods are used in this study.

4.5.1. Source Parameter Image. Source parameter imaging
(SPI) is a method to calculate source depths using magnetic
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Figure 4: Regional magnetic anomaly map of Adamawa region.
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anomaly. SPI assumes a step-type source model. For a step,
the following formula holds:

Depth = 1
K max , ð2Þ

where K max is the peak value of the local wave number K
over the step source.

K =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∂A
∂x

� �2
+ ∂A

∂y

� �2
s

, ð3Þ
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Figure 5: Residual magnetic anomaly map of the study area.
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A = arctan ∂M/∂zð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∂M/∂xð Þ2 + ∂M/∂yð Þ2

q
0
B@

1
CA, ð4Þ

where A is the tilt derivative of the total magnetic field
anomaly grid M.

SPI module first computes A and K . Then, it finds peak
values. These peak values are used to compute depth solu-
tions, which are saved to a database. According to Blakely
and Simpson [55], the results may be presented as a grid
of depth values (Figure 7).

These methods were applied to RTE for estimating mag-
netic depths [56]. Its advantage is that the SPI function is an
effective, fast, and accurate method. Tested on the real data-
sets controlled by borehole, its accuracy is +/-20% [57].
Another advantage of this method is that because the
method uses the second derivative, the anomaly interference
characteristics can be reduced. The SPI solution presented
the depths, tilts, and susceptibility contrasts. Thurston and
Smith [58] highlight that the depths estimated by SPI solu-
tion are not dependent of magnetic declination, inclination,
dip, direction, and any residual magnetization. The derived
map (SPI) is shown in Figure 7. The highest and lowest
SPI was in the range of 22 km and 2 km, respectively. The
depth obtained by SPI method corroborates to results of
Nnange [49] and Poudjom-Djomani et al. [50].

4.5.2. Depth Calculated by Analytical Signal Technique.
Nabighian [59] and Green and Stanly [60] extensively dis-
cussed on the 2D analytical signal method for magnetic
anomalies in geological model. The model of analytical sig-
nal is bell symmetrical on the source body. Their maximum
values appear directly at the edges of the source bodies. Also,

we can obtain the depths from the form of analytical signals
[61]. To obtain the depth by analytic signal method, iso-
curves are plotted on the analytic signal map. Zero curves
are located for each body outline. By simple interpretation
of the geometry of anomaly sources, we can estimate depth
to top of sources through a table proposed by Macleod
et al. [61]. In fact, depths are calculated by measuring the
zero contour width of each anomaly accordingly to assume
source geometry [61]. The depth by analytical signal in this
study (Figure 8) was calculated using the fast Fourier trans-
form tool for RTE anomalies in the frequency domain [62].
This figure shows that these areas have strong contrasts
which produce recognizable features on the map. The ana-
lytical signal shows the nonuniformity of high magnetization
and low magnetization positions in the range of 10-31 km
and 0.2-1 km. Therefore, the depth obtained is similar to that
of [50].

4.5.3. Forward Modeling. We used the GM-SYS Profile
Modeling Module to produce 2D forward models of the geo-
logic structures over the studied region to reveal the subsur-
face configuration and modeling parameters [19, 63]. Two
transects of 2D magnetic models were constructed: profile
(AA′) extending about 240 km in a SSW-NNE direction
and profile (NN′) extending about 300 km in a WNW-ESE
direction (Figure 3). The two 2D forward models produce
the representative subsurface geometry and magnetic sus-
ceptibility of basement rock. They aid to suggest basement
unit in the region based on geologic features.

(1) Profile A-A′. The profile of model A-A′ (Figure 9) is
about 200 km long and passes through the west of the study
area along the direction of SSW-NNE. The amplitude ranges
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from -60 nT to 120nT. Positive magnetic anomalies are due
to uplift or Horst structures, while negative anomalies are
identified in graben or basin structures. The model is divided
into three layers, and the underground depth is 2.2–31.5 km.
The magnetic susceptibility of the surface layer and the
intermediate layer are about 10-4 SI and 10-3 SI, respectively.

Intermediate layer may correspond to amphibole or green
schist. This layer contains inclusions with magnetic suscep-
tibility of about 10-4 SI, which may be related to granitic
basement. Compared with the geological map of the study
area, the magnetic susceptibility (0.002SI) of the model is
high in Eocene deposits (middle layer) and low in
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Cretaceous basement and ferruginous, Ferro calcariferous,
and intrusions schist.

(2) Profile N-N′. The N-N′ profile of the model (Figure 10) is
about 300 km long and passes through the north of the study
area along the WNW-ESE direction. The calculated anomaly
is completely consistent with the observed anomaly. Positive
magnetic anomalies are closely related to uplift or Horst
structures, while the large negative magnetic anomalies are
related to graben or basin structures. The depth of the
underground surface is between 10 and 31.5 kilometers.
Compared with the geological map, the model has higher
magnetic response to Eocene deposits (west, northwest, east,
and northeast) and lower magnetic response to basement
(middle) deposits. Therefore, the two profiles are compatible
because sand, clay, conglomerate, and clay sandstone repre-
sent tertiary to Quaternary sediments, and travertine is
located in the middle of each profile.

Geologically, compared with the geological map, the for-
mations obtained in the models are those shown in the geo-
logical map, such as incompatible and compatible granites,
gabbros, amphiboles, and schists. Structurally, profile A-A′
is parallel to the upper fault, and profile N-N′ is parallel to
the structural line on the geological map (Figure 1).

5. Underground Tectonic Inferences

The results and information of the above magnetic data are
combined with the geological characteristics in order to

determine the main structural characteristics affecting the
underground structure in the study area (Figure 11). There-
fore, the subsurface consists of a set of faults (primary and
secondary) and is inferred from the geological map
(Figure 1). The latter direction is N-S, SSW-NNE, and
WNW-ESE.

The first fault zone marked in red color is situated on the
west and east sides of the study area. This area is locally deep
and mainly composed of a series of regional normal faults
with NE-SW direction especially in the west of the study
area. The second fault zone marked in yellow color is situ-
ated in the Midwest of the study area. It highlights shallow
structures characterized by the local and regional fault net-
works in the directions of NE-SW, NW-SE, NS, and ENE-
WSW. The third fault zone is located at the southern end
of the study area. It is represented in blue color and charac-
terized by acidic magnetic rocks.

Therefore, the whole area is fractured in NE-SW, NW-
SE, and N-S directions. These magnetic anomalies are the
result of basalt magnetic field fossilization, i.e., residual mag-
netization. The positive anomaly is due to the magnetization
of basalt during cooling, and its direction is consistent with
the direction of current field. These anomalies correspond
to the local variation of the magnetic field relative to the
regional mean field, with strong values (positive anomalies)
or weak values (negative anomalies).

Therefore, the mean magnetic field is disturbed by mag-
netized structures arranged in a parallel direction whose
effect adds to or subtracts from the mean magnetic field. It
is emphasized that with the reactivation of the Central Cam-
eroon Shear Zone (CCSZ), there is a strong magnetization in
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Figure 10: 2D magnetic modeling along N-N′ profile in WNW-ESE direction.
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the granite basement, which is interpreted as an intrusion of
volcanic rocks (possibly basalt). The magnetic susceptibility
shows that paramagnetic minerals are dominant, as their
positive susceptibility values indicate.

6. Conclusion

This study highlights many results which focus on this
study and further determines the underground tectonic
inference and structural trends in Adamawa region. Equa-
torial reduction technique is used to directly locate the
magnetic anomalies from their causal sources. Therefore,
the resulting equatorial reduction map reveals several
causal sources and anomalies of different depths and com-
positions with varying frequency and amplitude. A separa-
tion tool has been applied to the reduction to equator map
to separate surface anomalies from deep anomalies. Com-
bining the two source methods (imaging parameter
method and analytical signal method) is usually the best
method to determine various geological constraints includ-
ing source locations, depths, and thickness (Figures 7 and
8). A 2D modeling tool is used to model profile data, in
which more than one anomaly is considered. The models
show that the basement rocks are due near vertical faults,
which have different projections and dip angles. Therefore,
the established basement surface map consists of a group
of faults arranged along the N-S, NE-SW, and WNW-
ESE directions. In addition, according to various deriva-
tion methods (Figure 7), the average depth values of causal

points are between 10 and 31 km. From the structural
point of view, magnetic methods can basically detect the
geometry of underground rocks and structures related to
tectonic forces. According to Njeudjang et al. [8], the early
characteristics of these areas and the location of springs in
the north and northeast of the study area indicate the
occurrence of tectonic activity, which may indicate that
they may have good geothermal resources.
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