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Abstract

This study is based on the analysis and interpretation of aeromagnetic data
using version 8.4 of the Geosoft Oasis Montaj Software, to map the subsur-
face or deep geological structures that affected the geological formations of
the Ngaoundere area. The use of the standard aeromagnetic methods made it
possible to draw up the maps of the residual magnetic field reduced to the
equator (RTE), the horizontal gradient (HG), the analytical signal (AS) and
that of the Euler solutions (ED) to find the main magnetic facies correspond-
ing to these structures. The geological formations of the studied area thus ap-
pear to be intensely fractured by a NE-SW (N45°E) and ENE-WSW (N70°E)
main orientation fault system, the depth of which has been estimated by
combining the three-analytical methods HG, AS and ED. Advanced magmat-
ic map analysis revealed dikes associated with vertical faults in the studied
area. The development of an interpretative geological map taking into ac-
count the basic geology, the deep faults, the identified dikes and the minera-
lization index made it possible to extract a correlation between geological
structures and mineralization of the studied area. The 2.5D modelling of two
magnetic profiles plotted on the reduced residual map at the equator was
performed to approximate the geometry and depth of the dikes sector, which
are potential sources of mineralization here.
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1. Introduction

Since 1970, the Adamawa plateau in general and the studied area has been the
subject of several geological studies by several authors, such as the studies con-
ducted by Eno Belinga [1], Dumont [2], Ngounouno [3], roughly covering pe-
trography, geochemistry and tectonics in the study area. The results of these stu-
dies show that, on one hand, the basement of the studied area consisted mainly
of gneiss and granite, the latter being crossed by granitoids and on the other
hand, the major structures of the area had WSW-ENE (N70°E), NE-SW (N45°E)
and NNE-SSW (N30°E) orientations. Nevertheless, all these studies are superfi-
cial and do not therefore give sufficient information on the structures of the
subsoil of the studied area. In addition to these studies, few geophysical studies,
focused on gravimetric studies [4]-[9] were conducted in the Adamawa region.
They consisted of processing and interpreting the gravity data acquired during
various gravity campaigns carried out in the sixties over the Cameroonian terri-
tory. They aimed to provide additional information on the structuration and
geodynamic evolution of the Adamawa plateau. The results from these gravime-
tric investigations show a fairly good correlation with the surface geology and
the directions of the major structures identified here remained similar to the
previous ones. Although the information obtained so far is already quite inter-
esting, the scale of the data used in these studies (from 1/3,000,000 to 1/500,000)
does not allow to have a little more detailed knowledge on geology and the mi-
neralization of the study area as required by mineral exploration. Some addi-
tional information that could be derived from aeromagnetic data at scales, like
the 1:50,000, would allow to have a much more detailed study. Based on the ex-
istence of aeromagnetic data coverage over the studied area, which comprises
longitudes 12°30" - 13°30'E and latitudes 6°45' - 7°15'N, the present study is in-
itiated to enhance the level of structural knowledge.

Aeromagnetic data have very often been used in the mining sector to detect
areas of magnetic anomalies that may correspond to mineral concentration.
They are currently widely used for geological land reconnaissance, especially in
large areas where land or plant cover is important. The magnetic susceptibility
technique from airborne data is therefore used to specify geological interpreta-
tions at regional scales. In the case of this study, the main objective is to produce
a structural mapping from the aeromagnetic data of the studied area to highlight
a correlation between the geological structures (faults, geological contacts) and
the possible mineralization of the studied zone.

This study will therefore be unique in that research studies in the study area
have so far consisted either of studying the general geology or measuring the av-
erage thickness of the earth’s crust. They therefore did not provide information
on the potential sources of near surface anomalies that are generally important
for mineral research. All the results that will come from this study will provide a
basic document on the very solid study area to base further investigations in

mineral research.
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2. Geologic and Tectonic Setting of Studied Area

The studied area covers an area of approximately 4647 Km?”. It is limited by lon-
gitudes 12°30' - 13°30'East and latitudes 6°45' - 7°15'North. It’s a plateau area of
altitudes between 875 m and 1325 m.

The Adamawa plateau is largely covered by large basaltic and basalto-andesitic
volcanic effusions of essentially Tertiary age, which extend into the middle part
of the southern moat [10] [11] [12] [13]. The basement of the study area is
composed of granito-gneissic (Figure 1) intersected by granitoids between 652
and 612million years old [3]. According to Lasserre [14], the region of Adamawa
was the seat of intense volcanic activity in the Tertiary and Quaternary, favored
by a major fracturing-orientated NW-SE and secondary accidents E-W affecting
the basement around Ngaoundere. The Pan-African gneiss and granite units are
crossed by mylonitic bands, the largest of which, with a general ENE-WSW
orientation, marks out the southern edge of the Adamawa. This myloniticb and
corresponds to an important zone of sub-vertical faults having played in the
Pan-African [15] [16]. The Adamawa represents an axial mass consisting of
Precambrian basement, raised during the Upper Cretaceous and Tertiary and in
which, the Adamawa plateau is likened to a horst. This asymmetrical horst lo-
cated in the Mobile Zone of Central Africa, is limited to the north by the
Ngaoundere cliff and to the south by the Mbéré-Djérem moat, both oriented
N70°E (ENE-WSW) corresponding to the general direction of the Plateau [16].
It is located on the route of large-scale mylonitic accidents. After the Pan-African
event, the basement was traversed by magmatic comets corresponding to the
tertiary magmatic activity of the “Cameroon Line”. This alkaline magmatism is
reflected on the Adamawa plateau by the establishment of felsic domes, and ba-
saltic flows. According to some authors [3] [18] [19] [20], the basement tectonics

having played several times is responsible for its horst and graben structure.
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Figure 1. Geological map of the study area (Reproduced and modified after Guiraudie &
Lasserre [17]).
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This plateau has an altitude of 1100 m above sea level, with large basaltic flows
accompanied by trachytes and trachyphonolites [3] [11] [12].

A thematic map of the mineral resources of Cameroon published in 2001 by
the Ministry of Mines, Water and Energy (MINMEE) shows several indices of
mineralization (Gold, Aluminum, Germanium, Tin, Thermal springs) in the
studied area (Figure 2). Part of the bauxite plateau of MinimMartap is perfectly
superimposed on the Aluminum indices found in the south of the studied area
(Figure 2).

3. Materials and Methods

3.1. Origin of Aeromagnetic Data

The data set used in the present study was obtained an aeromagnetic survey
covering some parts of the Cameroon territory [21]. This aeromagnetic survey
was conducted in 1970 by Survair Limited (Ottawa) as part of a co-operative
agreement between the Canadian and the Cameroon government. The flying
height was 235 Meters, flight lines had a N135°E direction with 750 meters inter-
lines space and the recording sensitivity of the magnetometer used was than 0.5
nT [21]. After correction of the measurements due to the temporary variation of
the magnetic field, the final report of Paterson et al [21] was accompanied by
magnetic maps. The digitization of these maps made it possible to have a data
base of 1,396,268 measuring points for the entire studied area (4647 Km?). The
total magnetic intensity (TMI) anomaly was deduced by subtracting the theoret-
ical geomagnetic field or IGRF (International Geomagnetic Reference Field) at
each station. This map was (Figure 3) made using a sampling rate of 0.01 degree
(1.1 km).

Indeed, unlike the gravitational attraction field, which is vertical and always
directed downwards, the magnetization field vector and the inductive field vec-
tor are generally inclined, thus causing an asymmetry in the shape of the anoma-
lies. To correct this error, a reduction to the pole or the equator is often applied

to the basic data. In the case of this study, given that Cameroon is moving from

230000 o podol ¢/ 1900 310000 330000

Km
@™ Bauxite plateau “

B> ) 0 utm zonezg:l
(1): Gnei mbrechites; Gneiss-migmatic; (2): Biotite anatexite; Amphibole and garnet.
Anatexite-granitoid. Differentiated migmatites; (3): Anatexite granites; Ancient syntectonic
granite. Grano-diorites; Granulite and granite concordant; (a): Geological contours;

(b); Tectonic linej(c); Assumed faults; (d): Observed faults.

Figure 2. Mineral Resource Map of the Studied Area (MINMEE, 2001).
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Figure 3. Total magnetic intensity anomaly map of the study area (TMI).

low-latitude areas (-15° and 15°), it was necessary to calculate the reduction at
the equator in order to bring anomalies back into line with the structures which
generates them, since any analysis of anomalies is somewhat influenced by the
inclination of the magnetic field and that of the magnetization direction of the
magnetic fields sources. This reduction filter is calculated by choosing a point
located at the center of the magnetic anomaly map (13.028°East and 7.04North)
with inclination and declination values from the model of the normal or theo-
retical field of the magnetic anomaly map IGRF at January 1, 1970. From the
TMI anomaly map (Figure 3), the one reduced to the equator (Figure 4) was

carried out from the Magma module of the Geosoft Oasis Montaj software.

3.2. Methods

A set of methods were used in the processing of the present aeromagnetic data.
These included the gradient method, the analytic signal, the Euler deconvolution

method, and modelling methods.

3.2.1. Horizontal Gradient

The horizontal gradient method is in many ways the simplest approach to esti-
mate contact locations of the bodies at depths. The biggest advantage of the ho-
rizontal gradient method is its low sensitivity to the noise in the data because it
only requires calculations of the two first-order horizontal derivatives of the field
[22] [23]. If M is the magnetic field then the horizontal gradient magnitude
(HGM) is given by Cordell et al. [24] [25]:

2 2

HGM(x,y)= (aﬂ) + oM (1)
ox Oy

This function gives a peak anomaly above magnetic contacts under the fol-

lowing assumptions [22]: 1) the regional magnetic field is vertical, 2) the magne-

tizations are vertical, 3) the contacts are vertical, 4) the contacts are isolated, and
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Figure 4. Total magnetic intensity map reduced to the equator (TMI-RTE).

5) the sources are thick. Violations of the first four assumptions can lead to shifts
of the peaks away from the contacts. Violations of the fifth assumption can lead

to secondary peaks parallel to the contacts.

3.2.2. Analytic Signal
Absolute analytic signal magnitude (ASM) according to [26] [27] [28] can be de-
fined as the square root of the squared sum of the vertical and horizontal deriva-

tives of the magnetic field as follows:

s (e )] (@‘(x,y)jz+(6f(x,y)j2+[6f(x,y)J2 -

Ox oy 0z

The advantage of this method of magnetic data enhancement is that its am-
plitude function is always positive and does not need any assumption of the di-
rection of body magnetization [29]. In a manner identical to that used in the ho-
rizontal gradient method, peaks in the analytic signal amplitude are located. The
maxima of the analytic signal can be used to detect the structures responsible for

the observed magnetic anomalies over the studied area.

3.2.3. 3D Euler Deconvolution
Depth estimation by Euler deconvolution technique was used for delineating
geologic contacts. This technique provides automatic estimates of source loca-
tion and depth. Therefore, Euler deconvolution is both a boundary finder and
depth estimation method. Euler deconvolution is commonly employed in mag-
netic interpretation because it requires only a little prior knowledge about the
magnetic source geometry, and more importantly, it requires no information
about the magnetization vector [30] [31]. Euler deconvolution is based on solv-
ing Euler’s homogeneity Equation (3) [31]:
(x—x,)oM +(y—yo)ﬁM +(Z—Zo)6M
Ox Oy 0z

=N(B-M) ©)
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where B is the regional value of the total magnetic field and (x, y;, 2) is the po-
sition of the magnetic source, which produces the total magnetic field A/ meas-
ured at (x, y; 2). Nis so called structural index. For each position of the moving
window, on over-estimated system of linear equations is solved for the position
and depth of the sources [30] [31].

3.2.4. 2.5D Modelling Methods

The 2.5D modeling shows a vertical section of the geological formations of the
subsoil and the magnetic property (magnetic susceptibility) of each of the for-
mations encountered. The objective of this modeling is to obtain a model calcu-
lated from an observed model of a magnetic field. All the programs use a 2.5D
Talwani algorithm to calculate the magnetic field anomaly produced by the
causative bodies [32] [33]. The profile direction is assumed to cut the bodies be-
ing modeled at 90°, the bodies themselves being represented by polygonal shapes
of up to 50 sides. The profile bisects the bodies, which extend along strike an
equal distance on each side. Although these assumptions may sound restrictive,
in practice they do not cause difficulties most of the time.

The equation associated with this modeling is:
u. , +Y uY
AB , =-2Jj, 3 | tan” - — —tan~! 4
o JyZ( R e (4)

TN+l i

where the profile is in the x plane, zis down and yis orthogonal to both. /is the
magnetization of the body. R = (u[z +w + Yz) S (uf+1 + wf) ;

w, =—sin@d,x, +cosJ,x,,, and u, =cosJ,x,,, +sinJ,z,

i i+l

4. Results and Discussion

4.1. Residual Anomaly and Correlation with the Geology of the
Area

The TMI-RTE map (Figure 4) results from the superposition of short wave-
length anomalies (local or residual anomalies) and long wavelength anomalies
(regional anomalies). Since it was a question here of looking more specifically at
the local anomalies of the studied area, a regional separation technique-residual
so-called prolongation was applied to the TMI-RTE map.

Indeed, the extension consists in artificially moving the observation plane and
calculating the field that one would observe in these new points from the data
collected in the field. Extension can be up or down. But in this study, we will fo-
cus only on the upward extension. The latter makes it possible to pass the ano-
maly of the altitude Z = 0 to an altitude Z > 0. This operator acts as a low-pass
electronic filter by attenuating the short wavelengths; highlighting the anomalies
of deeper and deeper structures, depending on the altitude of the extension [9].

The upward extension, which is a powerful low-pass filter, is used here to de-
termine the regional; however, this method also has a handicap that lies in the
difficulty in determining the appropriate extension altitude in order to have the

best approach to the regional. In the case of this study, we adopted the Zeng [34]
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method which is a compromise between upward extension and polynomial
smoothing. It consists in evaluating the height H beyond which the magnetic
anomalies extended upwards remain similar. Thus, several upward extensions of
the TMI-RTE map are calculated at increasing altitudes of 500 m to 6000 m. For
each extended map, the number of extrema (points where the gradient is zero) N
is counted. The height H, , retained is such that the number of extrema of the
extended map at heights greater than H,,, remains approximately constant. In
this case, it would correspond to 5000 m or 5 Km.

The map of regional anomalies thus obtained is subtracted from the TMI-RTE
map, which made it possible to obtain the residual anomaly map which is a map
freed from the influence of the very deep structures (Figure 5).

Reduced residual map at equator shows smoothing and stretching of anoma-
lies on the horizontal plane. It also shows the magnitudes of anomalies that vary
between —100 and 80 nT. The superimposition (Figure 6) of the residual Map
reduced to the equator (Figure 5) to the geological map (Figure 1) allows the
following correlations, based on geological assumptions and analysis made on
the map residual reduced to the equator.

In the South-East of the studied area, the identified ENE-WSW positive ano-
malies are perfectly superposed on the large fault (thick black line in Figure 1)
located in the South-East of the geological map. This direction is therefore
sub-parallel to one of the two major tectonic directions of the studied area (N70°E)
corresponding to the major pan-African structures of North Cameroon. This
direction is also sub-parallel to the WSW-ENE major mylonitic band which
constitutes the Ngaoundere cliff or fault [2] [14] [15] [16].

At the center of the studied area, the NE-SW direction of the anomaly coin-
cides with the tectonic line (thick green line in Figure 1) crossing the gneiss
formation in the center of the geological map. It corresponds to the direction of
the great fracturing that affected the Adamawa region and favoured the devel-
opment of intense volcanic activity between the Tertiary and the Quaternary [2]
[14] [15] [16].

I 2000 )
0UTM zone 3?0 : 40 . .
230000 250000 270000 290000 310000

Figure 5. Reduced to the equator residual magnetic map.
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Figure 6. Superimposition of reduced to the equator residual magnetic and geological
maps.

Based on previous correlations, the negative anomalies observed at the Marlok
Zone Center (represented by the blue colour in Figure 5) appear to be trapped
between two major ENEWSW faulting directions. We could therefore suspect
here the presence of a graben. We also associated the observed negative anoma-

lies with recent sedimentary deposits.

4.2. Deep Faults and Contacts

4.2.1. Analysis of the Results of the Horizontal Gradient
The horizontal gradient is an excellent way to locate geological contacts in the
subsoil, including faults by determining their alignments, dips, and degree of
importance [35] [36] (Khattach et al, 2004, 2006). Figure 7 represents the map
of the Horizontal gradient magnitude (HGM) of the residual anomaly reduced
to the equator. This map shows anomalies associated with continuous geological
contacts and straighter than those observed on the residual anomaly map. It
shows the major directions ENE-WSW and NE-SW. These anomalies corres-
pond to magnetic contact zones with very large susceptibility differences asso-
ciated with hidden faults. On this map, there are two main categories of contacts:
» The most rectilinear contacts and strong intensities are grouped in the center
of the zone between Minim and Tékel for several kilometers and characterize
the signature of the faults in the covers.
> Contacts of circular to sub-circular shapes with high intensities are much
more grouped north-west of Minim and also discontinuously in other areas
of the map. These contacts characterize the limits of the intrusive bodies (di-
kes or veins of magmatic rock forming a depression).
To highlight the geological contacts associated with faults or fractures on the
map of the Horizontal gradient magnitude (HGM), the map of the local maxima
of the magnitude of the horizontal gradient of the residual anomaly (Figure 8)

has been established. On this map, we observe a structural complexity marked
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Figure 7. Horizontal gradient magnitude (HGM) map.

O TERC M .zi' T eede R os0s00ed “!' O
s * * . ¢ oo:““ oot ““03 . z.zo' o .30 ) ”““ooo“:. “ooooo'“
= 00 . ood’ o.: S ® 0es®’ 00e**®
8_ goee ogece 00e®® o*® o° . 0e®® K o° L
[ 'S 3iad o o T bed o t o
~ o 0 ° oo Q o 00000 o0
. oo [ o K . PO 00 3°
PO otee P & o
o000 o00 N 00e 000 ° o
**® o o o3* ® 030000000, 30 000 ese0ee
oS0000e o$ o $ o0’ t o 00d®% o
olN ® oo H oo o0® 0e3® Ly
=3 A o e CD 3'3. L
E 0’ 00e®* o0’
~ u”:” 3“ :o.
ooo““." ooooo““. o0
b o . o8® o* 00
) . 00e®®
8 Km H 3 oo°.r oi o'“.o
S s oy
c!i 20 40 o . o B
“"2 UTM zone 33 o0 o (L) . Q

| | T T | |
230000 250000 270000 290000 310000 330000

Figure 8. Maxima of the horizontal gradient magnitude.

by the irregular distribution of maxima associated with faults in the basement. In

the center of this map, the configuration of ENE-WSW direction maxima sug-

gests the presence of significant structural deformation in the base.

4.2.2. Analysis of the Results of the Analytic Signal
In order to better understand the relatively deep geological structures, the me-
thod of Analytical signal (AS) has been applied to the map of the residual ano-

maly. The map obtained (Figure 9) shows that the linear contacts corresponding

to the faults are always grouped in the center (between Minim and Tékel) as

well, the contacts of circular or intrusive forms clearly visible on this map, are

much more grouped in the North frame West of Minim.

Horizontal gradient magnitude (HGM), the map of the local maxima of the

analytical signal (Figure 10) has been established. It also shows the presence of

structural deformation ENE-WSW in the center of the region. Three families of
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Figure 9. Analytic signal magnitude (AS) map.
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Figure 10. Maxima of the Analytic signal magnitude.

contacts are highlighted on this map namely the contacts: NE-SW; ENE-WSW
and E-W.

HGM and AS association is very important in this study for the final inter-
pretation of the geological contacts (Figure 11). The interpretation of the result
of the superimposition of the maxima (Figure 12) of these two methods is based
on three criteria (the method of Blakely and Simpson) [37]:

» When the maxima of the horizontal gradient are isolated on the map of the
two superimposed methods, they represent the real contacts.

> When the maxima of the analytical signal and the horizontal gradient are
almost parallel and not coincidental, then those of the analytical signal
represent the true contacts and those of the horizontal gradient indicate the
direction of dip of these contacts.

» When the maxima of the two methods are merged, then they materialize the

vertical contacts.
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Figure 11. Map of deep faults in the study area.

T
330000

o ese0e o000 “"V000006 _060e seeeeees
° o0 eoeee °
0 LI PR LI L
o2 O ose e0s o etor  ae
8 08000 (1} o I 2
(:47:::5.. .cgoco 0do .=:co::§3 KD ..'3’ o**
© 18°%0000e 00 o000 ¢ ¢ ®
g i . 3333 * 00. 5‘ o==
TN ) 00 H e o °
o o essese 000 T o0 00
o ° 00 o0
0e%e0 ¢ e° 080 o %000
*oce °°% TS sl H 050000000 00 000°’
oSenseltoo0® CNCIC U H 3 o3¢
o e o o0 e
o/n ¢ ose H
$A
=]
N
=~
Km

oge °
08 o3’ *
4 ° Q
o UTM zone 33 40 ‘og' [ ng: _"goo.

00 o
00 000 200

I
310000

750000

I I I I
230000 250000 270000 290000

I
330000

Figure 12. Map of maxima composed of horizontal gradient (black) and analytical signal

(red).

The rosette of fracture directions (Figure 13) obtained from the interpretive

map of deep faults (Figure 11) shows three major families of fracturing namely:

E-W, NE-SW, ENE-WSW.

4.2.3. Contributions of the 3-D Euler Deconvolution

The inversion by the Euler method was carried out using the Euler 3D calcula-

tion program incorporated in Geosoft oasis montaj. This is a very effective me-

thod that can locate the magnetic contacts in the horizontal plane and their dif-

ferent depths. This is the reason why it has been applied to the residual map. The

application of the Euler deconvolution requires the knowledge of three parame-

ters which are: the structural index N, the dimensions of the filter window W
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Figure 13. The rosette of fracture directions.

and the tolerance Z. Since the objective was to highlight the solutions related to
geological contacts, in this study, several tests were carried out by varying vari-
ous N, W and Z parameters. All these made it possible to notice that the best re-
sults or groupings of the Euler solutions are obtained for a window size equal to
3, a selection criterion of the solutions which is the tolerance of 12% and a
structural index of 0.

Figure 14 shows the distribution of Euler’s solutions for the parameters of the
selected geological contacts. On this map, the structures are identified in a range
of depths ranging from about 600 to 2000 m.

The superimposition of this map (Figure 14) to that of the (Figure 15) pro-
vides an estimate of the depths of the faults obtained based on the alignment of
the solutions at the levels of the different contacts (Table 1).

4.2.4. Correlation between Magnetic Anomalies, Geological Structures
and Mineralization

By superimposing on the map of residual anomalies reduced to the equator the
mining index maps, and deep faults in the studied area (Figure 16), several in-
terpretations can be made:

» Some clues (Au, Sn, Ge) are found at the edges of rivers and these are related
to geological structures.

» Gold (Au) clues found in the area appear to be superimposed on strong
NE-SW magnetic direction signals recorded north of Marlok.

» To the west of Tékel, the Aluminum (Al) index, as well as the portion of the
bauxite plateau of Minim-Martap (represented by the blue circle in Figure 16
found in the study area, seem to coincide with the two high magnetic signals
that have a direction similar to that of the mylonitic cliff of Ngaoundere namely
the direction ENE-WSW. This proves that these anomalies could extend beyond

the studied area in the same direction.
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Table 1. Characteristics of deep faults.

Faults Dips Approximate depths (m) Faults Dips Approximate depths (m)
F1 Vertical 1200 - 1500 F12 Vertical 900 - 1000
F2 Vertical 1100 - 1200 F13 SE 1000 - 1300
E3 Vertical 1000 - 1300 F14 Vertical 1000 - 1500
F4 N-§ 1000 - 1500 F15 S 650 - 850
F5 Vertical 800 - 1000 F16 Vertical 1200 - 1700
F6 Vertical 1500 - 1700 F17 Vertical 950 - 1100
F7 Nw 1200 - 1500 F18 SE 900 - 1000
F8 SE 600 - 700 F19 SE 600 - 680
Fo Vertical 900 - 1000 F20 N-S 700 - 1000
F10 Nw 1000 - 1500 F21 N-S 800 - 900
F11 N-S Unknown

» The other elements namely tin (Sn) and Germanium (Ge) appear to be re-
lated to recent sedimentary formations outcropping in the north-western
part of the studied area (North-West of Minim).

In summary, the reduction of magnetic data to the equator yielded a map that
reflects the degree of concentration of magnetic minerals at the studied area
scale’s. This map has been superimposed on that of the geology of the studied
area. Its examination makes it possible to realize that the highlighted lineaments
represent, for the most part, sub-meridian magnetic structures, offset by trans-
verse faults with dextral plays.

The very elongated shape of most anomalies represents the magnetic signature
of also elongated sources that may correspond to veins or other lenses. However,
the very high amplitude of the magmatic signals of these anomalies makes it
possible to exclude the hypothesis of the quartz, which cannot present such a
signal. The elongated shape of these anomalies as well as their high amplitude is
therefore suitable for bodies meeting these criteria, namely: the dikes. The di-
kes are actually veins of magmatic rocks that have infiltrated the various frac-
tures of the country. It is therefore an intrusive phenomenon in an open crack.
This phenomenon is very visible on the residual map of the studied area
(Figure 16).

Taking into account the faults obtained, the dikes observed on the residual
map as well as the mineralization index, and integrating them with the map of
Figure 1, one obtains a geological map Figure 17 much more informed which
actually shows that the mineralization of the zone of studied are actually asso-

ciated with the zones of geological structures or zones of faults.

4.2.5. 2.5D Modelling
The 2.5D modelling was performed on two magnetic profiles (P1 and P2) of
NNW-SSE directions. These profiles plotted on the residual map reduced to the
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Figure 17. Interpretive geological map.

Equator (Figure 5) are 35 km long for P1 and 30 km long for P2 respectively.
They transversely cross the major anomalies of the studied area that are fairly
representative (major anomalies) of all the anomalies of the entire studied area.

Previous interpretations show that the mineralization indices are associated
with the geological contacts or structures of the sector and in particular with the
dikes (Paragraph 4.2.4) which are folded fractures by newcomers of magmatic
fluids within a host. The objective of this modeling was therefore to highlight
these dikes in a vertical section, thus giving their geometry, their approximate
depth, as well as the other associated geologies.

The association of the horizontal gradient method with that of the analytical
signal and the analysis made on other magmatic maps shows that the dikes of
the studied area are associated with vertical faults (Table 1). The deconvolution
of Euler made it possible to constrain the depth of modeling to 2 km below the
topographic level. The formations of the model were delimited by using two
types of analysis: magnetic relief analysis and geological analysis traversed by the
profiles (Figure 17), thus by synchronizing or mosaicking several data windows.
All these analysis made it possible to establish the limits of modeling.

Figure 18 and Figure 19 respectively represent the models of profiles P1 and
P2. The P1 model shows four (04) formations: a formation of cover or sedi-
ments, gneiss, granite and dikes. For this model, from NNW to SSE, three (03)
dikes intrusions associated with vertical contacts are observed at depths between
about 300 and 1880 meters below the topographic level.

For the P2 model, in addition to sediment, we have granite and dikes. From
NNW to SSE, two (02) dikes intrusions also occurred associated with vertical
contacts at depths between 450 and 1400 meters below the topographic level.

The apparent magmatic susceptibility of the dikes, obtained from modeling (S
= 0.1278), is similar to that of diorite (S = 0.13) according to the classification of
rocks and minerals according to their magmatic susceptibilities of Hunt et al
[38].

5. Conclusion

The treatment and interpretation of the aeromagnetic data made it possible to
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know the structure of the subsoil of the studied area from the analysis of the
magnetic surface signals. Indeed, the combination of analytical methods (HG,
AS, ED) has made it possible to highlight the deep faults and their approximate
depths. The major directions of these faults namely ENE-WSW (N70°E) and
NE-SW (N45°E) coincide with those found by [6] [9] in their respective re-
searched work. The combinatorial analysis of different magmatic maps shows
dikes associated with vertical faults in the studied area. The geological interpret-
ative map obtained by combining the basic geologic data, deep faults and identi-
fied dikes shows that the mineralization indices of the study area are in fault
zones. Therefore, the sources of these indices could be associated with the geo-
logical structures (dikes in particular) of the studied area. The 2.5D modelling of
two magnetic profiles has been done with the aim of approaching the geometry
and depth of the dikes sector, which are potential sources of mineralization here.
The results of the modeling thus show dikes associated with vertical contacts and
located at extreme depths between 300 and 1880 meters below the topographic
level. The apparent magmatic susceptibility of the dikes, obtained from model-

ling (S = 0.1278), is similar to that of diorite (S = 0.13) according to the classifi-
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cation of rocks and minerals according to their magmatic susceptibilities of
Hunt ef al [38]. All the results thus obtained make it possible to have more ad-

vanced knowledge of the geological structures and mineralization of the studied

area for possible mineral exploration.
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