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Abstract

Geophysical surveying is crucial in the investigation of mineral resources in
poorly exposed areas such as SE-Cameroon, a region known for its gold min-
eral potential. In this paper, gravity survey is carried out in the Batouri area,
SE-Cameroon based on land gravity data from the Centre-south Cameroon.
Therefore, an analytical polynomial separation program, based on least-square
fitting of a third-degree polynomial surface to the Bouguer anomaly map, was
used to separate the regional/residual components in gravity data. This tech-
nique permitted to better understand the disposition of the deep and near
surface structures responsible of the observed anomalies in the Batouri area.
Spectral analysis and 2.5D modelling of two profiles P, (SW-NE) and P, (N-S)
selected from the residual anomaly map provided depths to basement. These
depths constrain the gravity models along the profiles, indicating a variable
thickness of the sedimentary infill with an approximate anomaly of —33
m@Gal. The 2.5D model of the basement shows a gravity body, with a signa-
ture suggesting two close and similar masses, which characterize the quartz-
bearing formations associated here to granite and gneiss. Our work highlights
a main heavy gravity: Gwé-Batouri anomaly, containing the major part of au-
riferous deposits located along the NE-SW direction. Further, three tectonic
sub-basins bounded by normal faults have been highlighted at Guedal, Gwé¢,
and Bélimban, in the south of Guedal-Bélimban depression. They are asso-
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ciated with the extension tectonics, more or less vertical tangential cuts and
accidents that have affected the region. A correlation with previous results
from tectonic, lithological and gold mineralization activities proves the re-
levance of the study and the need to intensify geophysical surveying in the
area.
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1. Introduction

The Batouri area (Figure 1(a)) in the SE-Cameroon stretches between 4°00" and
5°00'N latitude, and between 14°00' and 15°00'E longitude. This area located in
the southern plateau of Cameroon has a monotonous landscape with the altitude
varying from 553 to 885 m. In general, geophysical prospecting enables to infer
deep and superficial structures through surface or near-surface measurement of
physical variables. In applied geophysics, the gravity method is useful in a re-
connaissance or a semi detailed study. Basically, the variations of gravitational
field values due to lateral and vertical changes of density, although very small,
can be detected and used in order to understand the geology of a given area. As
an example, [1] [2] applied gravity inversion and spectral analysis respectively,
to characterise granite-greenstone belt areas in Brazil, and to model a sedimen-
tary basin in Cameroon. [3] successfully used gravity study to investigate solid
minerals potentialities over the Congo Craton Belt in Cameroon and South West
Central African Republic.

A crucial step in gravity investigations is that consisting in removing the ef-
fects of deep or shallow structures from the Bouguer anomaly [3] by separating
the Bouguer anomaly from individual anomalies (regional and residual anoma-
lies). The regional signal or regional anomaly in the Bouguer map is related to
the surrounding and deep structures while the residual anomaly concerns some
surface structures as sedimentary layers. There exist many methods to carry out
this filtering among which is the analytical polynomial separation technique of
gravity anomalies yet to be exploited in this paper. The polynomial approach
involving least-squares fitting is less subjective and it enables to better approx-
imate the trend in data even from inaccessible areas, or when data were evenly
sampled. Its simplicity and non-computational intensity make it very easy to ap-
ply [4] [5] [6] [7]. [8] compiled the available gravity data from the study area.
The information from gravity surveys carried out in Cameroon and in the adja-
cent areas by [8], has been used to infer the structure of the Batouri area in this
study (Figure 3(a)). The area comprises the Yaounde domain, the Adama-
wa-Yade domain, and the West Cameroon domain, corresponding to the

Pan-African belt north of the Congo Craton. This current study investigates the
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transition zone North between margin of the North Equatorial Fold or
Pan-African Belt (NEFB or PAB) and the Congo Craton (CC) enriched in gold
mineralization [9] [10] [11]. Recent regional gravity study including the study
area, highlighted N-S, NW-SE, NE-SW, ENE-WSW and WNW-ESE structural
features affecting the Panafrican basement, with no clear relationship with in si-
tu gold mineralization [12]. Following this, the aim of this work is to use spectral
analysis and 2.5D modelling to estimate the parameters of geological structures
of the crust responsible of the observed anomalies along two selected profiles P,
and P, on the residual map in the Batouri region, Eastern Cameroon. For this
purpose, a regional-residual gravity separation of anomalies based on the least
squares is initially made, and the results are discussed, taking into consideration
the geological knowledge of the region and the modelled mean densities. The
intense gold mining in the area will enable to link gravity signatures to gold

bearing targets.

2. Geological and Mining Setting

Geological mapping of the study area has been done and modified by [12] [13]
[14]. The geology of Batouri area (Figure 1(b), Figure 1(c)) comprises forma-
tions of the central Cameroon domain affected by the Pan African orogeny. It
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Figure 1. (a) Location of area of study: (A) Administrative map of Cameroon and with
the eastern region of Cameroon; (B) DEM of Cameroon and the study area with the Ba-
touri gold district indicating drainage, gold occurrences and artisanal gold mining sites
(modified after [11]). (b) Geological sketch map of Cameroon showing its main litholog-
ical domains and the location of the Batouri area: (1) southern domain; (2) central do-
main; (3) northern domain; BOSZ: Bétaré-Oya Shear Zone; SF: Sanaga Fault; TBF:
Tibati-Banyo Fault; NT: Ntem complex; DS: Dja Series; NS: Nyong Series (modified
after [33]). (c) Geological map of Batouri area modified (after [13]; Vishiti ez al, 2015;
[14]).

belongs indeed to the NEFB or Central Africa Orogen with a major link to the
Trans-Saharan belt of western African and to the Braziliano Orogen of north
eastern Brazil [15]. This belt underlines Cameroon, Chad and the Central Afri-
can Republic, between the Congo Craton to the south and the western Nigeria
shield to the north. [16]-[21] have laid out that the basement in Central Africa

consists predominantly of various Precambrian magmatic and metamorphic
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rocks of different stages that outcrop from Cameroon to Sudan. According to
geochronologic study [22] [23] [24] [25] [26], Cameroon is made up of two
principal structural zones (Figure 1(b)): (1) the Congo Craton in the south and
central areas; and the (2) Central Africa Panafrican Belt [20] [21] [27] in north.
In Cameroon, the Neoproterozoic realm [28] [29] occurring in the central do-
main which contains the present study area, is positioned between the Sanaga
fault and the Betare-Oya shear zone (BOSZ) to the south and the Tibati-Banyo
fault to the north. These large NE-striking transcurrent faults, as well as the
Adamawa fault inside the central domain, are regarded as possible prolongations
of the major shear zones of NE-Brazil in a pre-drift Gondwana reconstruction
[15] [30]. The central domain consists of Archean to Paleoproterozoic high-grade
gneisses intruded by widespread Neoproterozoic high-K calc-alkaline syntec-
tonic plutonic rocks [26] [28] [29] [31] [32] [33]. The hosting basement rocks
were intensively reworked during a polyphase Pan-African D,-D, deformation
associated with amphibolite facies metamorphism.

The rocks of the area (Figure 1(b)) are mainly located in eastern part of cen-
tral domain. Previous geological investigations have recognized orthogneiss, and
rejuvenated granite and migmatite intruded by granitoids during epizonal me-
tamorphism [13] [34] [35] [36]. These granitoids include syn-to post-tectonic
granites and granodiorites [35] [36].

From the geological point of view (Figure 1(c)), it is believed that the present
structure of the Panafrican belt in Cameroon characterizes a continent-continent
collision and post collision of the Congo Craton and the north Cameroon active
margins with Archaean-Paleoproterozoic inheritance ([16]). The collision is
evident from 1) nappe tectonics along the northern edge of the Congo Craton
and the concomitant exhumation of the 620 Ma granulitic rocks believed to have
formed at the root of the collision zone. The granulitic belt extends from Came-
roon into the Central African Republic. 2) The remobilization and granitization
(upwelling of the asthenosphere) that partly affected both landmasses, then, 3)
the late development stage of strike-slip faults in central Cameroon as a result of
horizontal movements following the multistage collision.

The superficial formations are composed of 1) the eluvium observed in the
granitic and gneissic zones south of Batouri; 2) recent alluvium observed in the
Kadei valley; and 3) abundant iron or argillite-rich laterites. The Precambrian
basement rocks in the region have undergone granitization and migmatization.
The granitization yielded syn and post-tectonic granites [37] [38]. The ancient
metamorphic series includes ectinites and migmatites, is a set of para and ortho
metamorphosed ancient marine sediments. Ectinites in the area include 1) the
lower gneisses (biotite, cordierite and sillimanite gneisses) along S-Batouri; 2)
the granoblastic and melanocrate amphibolites in NW-Batouri; 3) the crushed
secondary quartz-bearing orthogneisses of N-Batouri. migmatites include: 1)
diadysites in S-Batouri and similar to frank ectinite with in-fill veins, either in-
ter-stratified or intersecting the shoals; 2) the embrechites observed in the

SE-Batouri; and 3) the biotite, amphibole and garnet rich anatexites in the
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SE-Batouri. The above-mentioned metamorphic formations have been traversed
by 1) old syn-tectonic heterogenous granitic intrusions (especially found be-
tween the south of Batouri, Ndembo, Mborguéné, north of Guedal and in
Bélimban); and 2) homogenous late syn-tectonic alkaline granites (found in
Bandongoue, Oudou, Ketté and until CAR) with limits sometimes independent
of the folds that they overlap in any direction.

Tectonics shows that the basement was intensively reworked during a poly-
phase Pan-African D,-D, deformation associated with an amphibolite facies
metamorphism. The deep folds of the basement are Huronian, in a broad sense.
Previous geological investigations have recognized orthogneiss, rejuvenated gra-
nite and migmatite intruded by granitoids during epizonal metamorphism [34]
[35] [36]. These granitoids include syn-to post-tectonic granite and granodiorite
[35] [36]. During and after the orogenies, the whole of the pedestal has played
several times, resulting in many fractures of more or less importance sometimes
difficult to observe due to the lack of outcrops [13], these forming in the study
area a network of NE-SW faults [13].

The Batouri area has been one of the main sites for artisanal gold mining in
Cameroon for more than 50 years. [39] estimated the resource potential of the
Batouri gold district to be at least 15 tonnes Au. In 2006, African Aura Resources
Ltd. acquired the Batouri concession, and exploration pits and boreholes along
the host shear zone have yielded high-grade ore samples (as much as 66 gt
Au). The Granitic rocks of Batouri (around Djongo) host U-Pb and Ar-Ar mi-
neralizations including monzogranite-granodiorites formed by differentiation of
I-type tonalitic magma under oxidizing conditions in a continental volcanic arc
setting [11]. [11] related U-Pb and Ar-Ar mineralizations of Djongo respectively,
to the zircon and the alkaline feldspar granite associated to the gold. Batouri
granitoids were emplaced during the collision of the West African Craton and
the Congo Craton. The uranium and gold concentrations at the fault intersec-
tions rather than along individual faults imply a structural and hydrotherrmal-
ism control of the mineralization [10] [12]. The Batouri gold district is enriched
in gold associated with high-grade auriferous quartz veins; gold mineralizations
are located on late fractured zones characterized by a major NE-SW shear zone
(Figure 1(c)).

3. Gravity Data

The current study uses historical data from 54 gravity stations that are part of
the dataset collected by ORSTROM in 1995 and [9]. In this work, during the
re-digitization of the Bouguer anomaly map of S-Cameroon [9] the portion cov-
ering the target area has been and extracted using the Mapinfo 8.5™. These
points are separated by a non-regular average distance of 56.3 km longitude,
covering an area of 394.4 km x 307.04 km. Figure 2(a) shows the distribution of
data in the study area. After interpolation by the program we got 690 points on a

regular grid step of 13.6 km longitude. Data within the study area was separated
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Figure 2. (a) Map of Bouguer data distribution after from Poudjom et al (1996). (b)
Bouguer gravity anomalies map of the study area. The map results from the interpolation
of the map in (a). (Contour interval = 0.5 mGal).
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into regional and residual anomaly using a polynomial method. This filtering
approach widely used by several authors [3] [8] has the advantage to solve the
problem of non-uniqueness of the gravity or magnetic regional anomalies posed
by other approaches as finite element and upward continuation methods; and it
seems more objective, efficient and accurate [39]-[44].

The Bouguer anomaly values (690 values) obtained by interpolation of exist-
ing data (Figure 2(a)), were then gridded using the power inverse distance algo-
rithm implemented in our Matlab separation code into a new Bouguer anomaly
map of contour interval 0.50 mGal (Figure 2(b)) that is very similar to those of
[9] [12] [45]. As part of this work, two profiles were extracted on the residual
map obtained after the data separation (Figure 3(a)) for spectral analysis and
2.5D modelling.

4. Methodology

The study applies the analytic polynomial regional-residual separation to the in-
terpolated gravity anomalies grid. In addition, application of the 2D Fast Fourier
Transform transforms gravity data from space to frequency so as to consider the
depths average of the sources of anomalies. This approach is referred to as the
qualitative and a preliminary quantitative interpretation of gravimetric anoma-
lies [4] [46] [47].

4.1. Analytic Polynomial Method: Regional-Residual Separation
(R-rS)

The method allows the estimation of regional anomaly by considering, on one

hand that, it is regular with a slope that slightly varies; on the other hand, it is

modelled using an analytical regional surface (2-D modelling).

Let B(Pi), the value of Bouguer anomaly at the point Ax, y); The objective is
to calculate regional values (Reg(x, y)) in (Pi) and residual values (Res(x; y)) in
(Pi) by a suitably chosen polynomial Hx, y) of N order, which generates an ana-
lytical surface Reg(x, y) as close as possible to the experimental surface B(x, y).

The polynomial expression of the regional can be written as seen below [48]

F(x0)=C+ 0L X Cod (5.) (M
or F(x,y)= Zf:zl C,A4,(x,y) (2)
with NV: order of the polynomial
4, (x.y)=x'y"
m=j(j+3)/2-0+1
C,; coefficient to be determined.
with 1<m<M where M = [(N+1)(N+2)}/2 .
Defining ¢, = B(x,y)—F(x,y), the difference between corresponding points

of the experimental and analytical surfaces respectively, N, the number of points

or Pi stations where observed Bouguer anomaly B(Pi) is known. To adjust the
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surfaces, we must reduce to the minimum the square deviation:

E= Z g’ making 666[‘; =0 (avec K=12,--,M)

111
K

This amounts to:

Yoed (xy) =X [B(xy)=F (%) ] 4 (x.0)=0 (3)

Taking into account the above equations yields:

2 o 20 A (3 0) Ay (5,9) = 21 B () A (%.) “@

C,, coefficients are obtained by solving the M x M system above with a
MATLAB code following the polynomial degree. With C,, coefficients, we de-

duce the regional analytical by the formula
Reg(x,y)=F(x,y).
The residual Res(x, y) is calculated by the formula:
Res(x,y)=B(x,y)—Reg(x,y) with xand yin km. (5)

The residual and regional maps derived are useful in a qualitative study of the

area.

4.2. Inverse Square Distance Interpolation

Generally, inverse distance-weighted gridding of gravity data enables to investi-
gate the shape of the anomaly and then large geologic features are [49]. Thus, the
inverse distance to a power gridding method is a weighted average either an ex-
act or a smoothing interpolator. The study used the inverse square of the dis-

tance interpolation method whose formula is:

1
Zz]hﬂB

* i . 2 2
Bj:n—f1 with &, =,/d; +5"; (6)
Zi:l hﬂ
ij

hy; represents the separation distance between the node j on the grid and each
of its neighbours 7brought back from the field.

B; is the interpolated value of the anomaly at node j of the grid.

J represents the smoothing parameter of anomalous iso-contours, S is the

power parameter.

4.2.1. Constraints on the Choice of the Analytic Regional Polynomial of
the Area

The choice of the order of the polynomial representing the regional is not arbi-
trary; it depends on the nature of the residual anomaly to interpret. Generally,
the more a regional is smoothed, the more it helps to eliminate only deep lines of
the bark. If, again the regional analytical is a polynomial of high order, the lines
closer to the surface will be the most accountable, which means that these lines

will be of benefit shown in the residual. We must also consider assumptions
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suggested by the data set available that stick to the best geological and tectonic

environment of the study. Data from the separation yielded regional and resi-

dual anomaly maps of different levels. The residual map of degree 3 (Figure 3)

was chosen because it clearly identifies areas of positive anomalies, and negative

gradients and also fits better with the geology of the region.

4°30'0"N 4°45'0"N

4°15'0"N

1
14°15'0"E

14°30'0"E

14°45'0"E

— = —
\ . Sy ‘60.1 3
“ag ‘573\ ‘5&2\ e
z Mbangou 4 o 60
S - \ \\_\MM\
‘: :\_\_\ 664
e Batoun et 165
~— iy ‘;,
z ) - N b
g W .
> 7 b 6&2 \ \‘\
A N \ N
' e i L 470
‘GQ, e M . i \\
Bandongoues, o e
8 S e Y
- Bds g T g \\\ 75
in Ngaura. S\ "\ :
o = 622 e N
~ “?26. fe NN
\ng , J 80
- 1 1 1
14°15'0"E 14°30'0"E 14°45'0"E 15°0" 0"E
(a)
14°15'0"E 14°30'0"E 14°45'0"E 15°0'0"E

1.2
1
0.8

O
0.0

: -0.2
-0.4

mGal
15°0'0"E

4°30'0"N

(®)

DOI: 10.4236/ars.2021.101001

10

Advances in Remote Sensing


https://doi.org/10.4236/ars.2021.101001

N. P. Claude et al.

14°30'0"E 14°45'0"E 15°0'0"E
1
&
~
>
z z
S s
€ K
T <
Z Z
s s
2p A0 Nguindi &
N i 52 -
L2
I
Bélimban
N,
z [ .
; -0 Pouo\anga —E
- Bimba &
(o}
111
e . Ndéléld
Kanyol | | o
o 2 2
T T T
14°15'0"E 14°30'0"E 14°45'0"E 15°0'0"E
Key
/ Observed faults C3 Limits between Gravity units
%{% Gold occurence / Interpreted contacts zone/faults
I, 11, I1I, IV Gravity unit

Probable directions of gold mineralization resources migration

(©)

Figure 3. (a) Regional gravity anomalies map of the study area. (b) Residual gravity ano-
malies map of the study area with profiles (P1 and P2) for spectral analyses. The map re-
sults from the gridding data set used in (a) to conduct the residual separation based in the
least square fitting of polynomial surfaces. (Contour interval = 0.1 mGal). (c) Gravity
units map.

4.2.2. Gravity Anomaly Maps and the Relations with Geological
Structures

The intensity of gravity measured at a point translated simultaneously, the ef-
fects of all the masses of the earth, the topography, and all the contrasts of densi-
ties inside the globe. The gravity anomaly maps express the density anomalies
situated both in the superficial terrains and in the basement. The anomalies put
in evidence on the regional anomaly map have large amplitude whose variations
are greater than the one of the moho discontinuity [5] [8] [50]. Regional and re-
sidual maps are often used to interpret regional trends and localized structures
of the subsurface geology. In a simple, qualitative interpretation, high-amplitude
gravity maxima are interpreted as a major subsurface high and high-amplitude

minima as deep basins [51].
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The gravity anomalies have been grouped in fourth classes [5] [8] [51] [52]
related to the shape of geological structures:

1) The closed circular isogales anomalies correspond to domes, grabens or ba-
sins, or to the mass of ore.

2) The closed ellipsoid shaped isogales anomalies with the long axis A and the
short axis fBlinked by A = 3 correspond to synclines, the anticlines, lodes or to
galleries.

3) The horizontal gradients correspond to the anomalies related to the change
between two gravity levels. These gradients are provoked by folds or faults, down
bending, fault steps affecting one or many formations;

4) The positive anomalies are associated with dense sedimentary rocks very
dense intrusions in the crust, or to the uplift of substratum.

The negative anomalies are associated with the thickening of the sedimentary

layers, slight intrusive rocks in the crust or to thickening of the crust.

4.3. Spectral Analysis (SA)

The application of spectral analysis (5A4) acknowledged many significant ad-
vances since its introduction in geophysics, as interpretation tool quantitative for
potential field data by several authors [3] [46] [47] [53]-[60].

In this study, the spectral analysis estimates the average depths of the magnet-
ic or gravimetric source bodies. SA does not require prior knowledge of the
geometry, the density contrast or magnetic susceptibility of the causative bodies;
it simply studies the power or energy spectrum as a function of wavelength or
frequency. The power or energy spectrum of the anomaly will have dominant
high frequency components when the anomaly is continued to the proximity of
the source [61]. Thus, near-surface sources give flatter, as deeper sources give
steeper power spectra [61]. The depth (4) to an interface can be obtained by us-
ing the [55] equation. SA operator is defined by the relation below:

h=A(logE)/4nA(n) )

where Erepresents the energy spectrum; A(logF) is the variation of logarithm of

energy spectrum in the interval of frequency A(z). Depths obtained by spectral

analysis are then used as constraints in the modeling so as to limit the
non-uniqueness of the solutions for inverse problems to a unique solution. To
propose a unique and acceptable geophysical model, information arising from
spectral analysis or Euler deconvolution [12] [43] [44] [61] can constraint the
depth of the observed anomalies in addition to available constraints to material
properties from geological information or drilling data.

The data processing and interpretation was conducted through the following
steps:

- The generation of a new dataset obtained by interpolating data from (Figure
2(a)) in a 5 km x 5 km grid. This led to a new Bouguer’s anomaly map
(Figure 2(b));

- The Regional-residual filtering based on the regional-residual analytical po-
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lynomial separation method [3] [4] [46] [59];

- The spectral analysis determines depth of the sources of observed anoma-
ly(ies). In this step, curves are generated in Matlab based on the Fourier equ-
ation cited above. The depth value is deducted based on the linear regression
approach;

- The 2.5D modelling is done, by using spectral analysis results and geological
facts as constrains. The density contrast of rocks is obtained by making the
difference between the earth’s crust (d, = 2.67 g-cm™ and the various rock
density (d). The strike length is fixed to 100 km, because of the extent of the
study area. The maximum depth window for the modelling of residual ano-
maly is not exceeding 10 km. For this modelling, the different rock types
seemingly belong to the PAB [20] [21] [35] [62].

5. Results and Discussions

5.1. Bouguer Gravity Anomalies

In the area, the Bouguer anomaly features have a general ESE-WNW, NNE-
SSW, N-S gravity gradient (Figure 2(b)). The map reflects lateral variations of
the density in the basement and shows several anomalies with various values and
shapes. It is characterized by gravity values ranging from —40 mGal to more than
—33 mGal. This is accordance with the fact that gravity data have been collected
onshore and by the fact that it might indicate the transition zone of contact be-
tween the CC and the PAB or a fault zone around the 4°N parallel.

The map displays three main types of gravity anomalies over the area which
are respectively high, intermediate and low values anomalies.

High gravity anomalies (values ranging from —35 to more than —33 mGal)
broadly correspond to a circular region covering 2/3 of the study area, from east
to west and south to north. This high gravity anomalous portion exhibits one
oval peak centered at Ndélélé with a SE-NW major axis along in the Ndélélé-Gwé
direction; and encompassing Ngoura, Mindourou and Bélimban, the peak may
geologically correspond to either dense or basic deep intrusions within the main
formations broadly characterized by the high intensity anomaly values; or prob-
ably to the uprising of some mantellic bodies. The anomaly field signal herein,
most likely indicates the Neoproterozoic realm that occurs in the study area. The
high gravity anomaly values domain is flanked to the north between Gued-
al-CAR by an intermediate anomaly portion (between —37 mGal to —35 mGal)
whose iso-lines present an approximately E-W direction.

The intermediate Bouguer’s anomaly portion forms a transition zone that se-
parates the previous described domain from the low anomalies domain (Figure
2(b)). This suggests a probable gradational discontinuity steeping to north of the
study area. It might also indicate the uplift of deeper mantellic bodies. This is
probably deep faults affecting the basement (after the granitoids of central do-
main into NEFB) overlain by magmatic and metamorphic formations as shown

by the geological map (Figure 1(b)). Low gravity anomalies (values lower than
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—37 mQGal) zone herein referred to as NW-NE portion of the map seemingly
forms a combination of a NW and NE sub-basins. Anomalies can be related to
existing lower density formations, probably basal complex granites (Figure
1(c)). The general disposition of anomalies on the Bouguer map of the study
area shows a decrease in the anomaly field values from the west to east. This
corresponds to a decrease in density from south to north. We therefore assume
that formations to the south are denser than those to the north.

1) Regional Gravity anomalies

The regional gravity anomaly map (Figure 3(a)) shows regional gravity field
values ranging from —40 mGal to —32 mGal. The map was prepared by adjusting
the data to a surface regional Bouguer 3™ order polynomial. This map shows an
overall set of negative isogales presenting a general NW-SE gradient. There is a
group of isogales almost horizontal, identical and separated by a nearly circular
area containing the iso-lines amplitude —37 mGals. These two groups may cor-
respond respectively to a very dense bedrock south of Gwé and a relatively dense
in the region north of CAR separated by a flaw or discontinuity. The map exhi-
bits a regional maximum assimilable to a thinning of the upper crust due to
mantle materials uplift. The gravity gradient and the architecture of the contour
lines on this map probably reflect the homogeneity of the basement of the re-
gion.

2) Residual Gravity anomalies

Residual anomalies are mainly variations of densities at the upper crust, in-
cluding the variation of thicknesses and densities of the sedimentary rocks over-
laying the basement; or either the density contrast induced by intrusive bodies.

The residual map (Figure 3(b)) is less similar to the Bouguer map. On this
map of residual anomalies, two major gravity lows are observed. The first one,
located to the east, is of composite nature and encompasses the towns of Bélim-
ban and CAR to the northeast and southeast. This anomaly is separated from the
second major anomaly located to the northwest (Guedal), by gravity high with
an ellipsoid form centred on Gwé. The first anomaly is constituted by a large
gravity low (—0.57 mGal) at its eastern portion and with a mean NE-SW orienta-
tion. A second low of this first major anomaly is located to east of Bimba with a
minimum of —0.33 mGal. Gravity high puts these two anomalies in contact. To
the north and south of gravity high, we have two gravity lows associable to
trademarks of uprisings bedrock, or thickening of the crust, or the small intru-
sions in the metamorphic country rocks. The second global gravity low with a
magnitude of —0.45 mGal, is oriented NE-SW and encompasses Guedal. All
these anomalies indicate that this transitional zone between Craton Congo (CC)
and Pan African Belt (PAB) in the eastern Cameroon has a complex structure,
made up of three sub-basins separated by structural highs (between Bélimban
and CAR, a major and a minor one to Guedal). This suggests westward thinning
of the sub-basins. The 0.7 mGal contour coincides approximately with magmatic
rocks.

The residual map does not keep the same form of contours as Bouguer field
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map (Figure 2(b)) but it matches more clearly the relative intensities of the le-
vels of the gravimetric activity as well as the direction of isogales in different
zones of the map. The localized anomalies (or related to near-surface sources)
are strongly put forward with short wavelength anomaly amplitudes of ranging
from —0.3 to + 1.2 mGal, bounded between latitudes 4°N to 5°N and longitudes
14°E to 15°E. These residual field values may express the density variations of
the surface gravimetric bodies directly relatable to the lateral variations of the
geological units. Table 1 summarizes how the study area has been qualitatively
delimited via residual gravimetric map, in gravity units (Figure 3(c)) presenting
different gravimetric characteristics related to geologic formations (unit of the
anomalies, the direction/shape of the profiles of the anomalies, the location of
the contour patterns of anomalies, and the significance).

Mineral indices such as gold [10] are identified in the study area superim-
posed on gravity units map derived from residual anomaly (Figure 3(b)). For a
better geological and structural correlation, the gravity units map (Figure 3(c))
has been supplemented with major well-known faults of Neoproterozic Central
Africa Fold Belt. Lode pre-gold mineralization of Batouri (Djongo) is located
within little quartz veins associated with stockworks related respectively to
NNW to WNW-trending faults aplite intrusions (~40 cm-wide dikes). These di-
kes are abundant in alkali-feldspar granites, but are rare in syeno-monzogranites
and granodiorites [11]. The mineral architecture within the lode suggests that
they were developed during an open-space tension. Syn-mineralized structures
in the Batouri area are manifested by the about 13 km-long, NE-trending shear
zone, which cuts mainly granodiorites and syeno-monzo-granites. The width of
the shear zone (including minor anastomosing shears) ranges from 100 m to 1
km. This zone hosts most of the gold-bearing quartz veins in the area. Gold-bearing
quartz veins trend NNE-SSW, NE-SW, and ENE-WSW (Figure 3(c)). Post-
mineralization structures are represented by multidirectional normal faults and
joints. ENE-WSW Barren quartz veins commonly associated with pegmatite di-
kes (e.g. at Baugogo), with a few millimetres to 14 m thickness, are also wide-

spread in the Batouri area. These barren quartz veins are composed of milky or

Table 1. Main gravity units of the study area from gravity signatures of the residual map
related to geological features (Figure 3(c)).

Units Direction/shape Location Significance
i NW-SE to N-S . Contact Precambrian rock
UnitI . Banyo-Bélimban . .
(linear) of basement metamorphic series

Granodiorites, Calc-alkaline and Alkaline
granites (Precambrian basement rock)

Unit IT N-S (ellipsoid) Guedal-CAR L .
Panafricain Post-tectonic and late
syn-tectonic granites (Granitoids)

Unit IIT W-E SE-Bimba An.astexltes and emb.rechl.tes

gneisses (metamorphic series)

Unit IV NE-SW to NW-SE  Batouri-Gwé and Intrusion of anastexites

(Circular) Ngoura (metamorphic series)
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smoky quartz, characterized by drusy textures with abundant vugs [11] [12].
Gold mineralization within quartz veins is therefore the result of intense tecton-
ics enabling fluid circulation in faults. Several gold deposits are identified in Ba-
touri shear zone and the surrounding localities such as Gwé and Ngoura (Unit
IV). However, Guedal and Bélimban are located in a negative residual anomaly
and separated by a positive anomaly of Gwé. Likewise, Banyo (Unit I) could be
consider as the NW-ending of Batouri-Gw¢é and Ngoura gravity unit which hosts
gold deposits. These gravity units specially describe a probable directions of gold
mineralization migration. Clearly, the regional-residual polynomial separation
technique efficiently revealed a specific anomaly (positive anomaly of Gwé)

linkable to primary gold mineralizations.

5.2. Spectral Analysis of the Residual Map

The spectral analysis (Figure 4) carried out on the residual map along the pro-
files P1 and P2 (Figure 3(b)), enabled to significantly estimate the depth of the
bodies in the higher crust, source of the observed anomalies (Table 2). The first
depth Hresl of about 2.54 km for P1 and 1.66 km for P2, represents the higher
depth to the bottom of body responsible for the observed anomaly, while the
Hres2 depth of 0.50 km on P1 and 0.30 km on P2, respectively, translated the
upper limit of the causative anomaly sources. In short, these heights would glo-
bally translate depth range of the bodies suspected in these zones. Those depths

obtained from the spectral analysis were used as constraints of the 2.5D model-

ling.
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Figure 4. Power spectrum curves of the residual field profiles (P1 and P2). (a) P1; (b) P2.

DOI: 10.4236/ars.2021.101001

16 Advances in Remote Sensing


https://doi.org/10.4236/ars.2021.101001

N. P. Claude et al.

Table 2. Depth obtained from spectral analysis on gravity residual map in kilometres (km).

Profile Direction Hresl Hres2
Batouri-Gwé (P1) N-S 1.66 + 0.22 0.30 £ 0. 04
Guedal-Mborguéné (P2) SW-NE 2.54 £0.18 0.50 £ 0.30

Table 3. Modelled geometric parameters of gravity bodies of P2 profile. Depths are in ki-
lometres (km).

Profile P2
g e T B e
Body 1 -0.07 0.3 5.2 50 3
Body 2 -0.037 0.4 6.4 10 3.2
Body 3 -0.026 0.3 6.7 10 3.2
Body 4 0.084 0.7 8.4 10 2.9

Table 4. Geometric parameters of gravity bodies, model of P1 profile. Depths are in ki-
lometres (km).

Profile P1
Density contrast Depth Width Transversal Vertical
(CGS unit) (km) (km) extension (km) extension (km)
Body 1 0.08 0.4 6.9 20 2.9
Body 2 -0.07 0.4 7.2 50 2.6
Body 3 0.03 0.3 6.1 50 2.5

5.3.2.5D Modelling

The 2.5D modelling of surface formations from study area was conducted with
the Grav2DC 2.10" [63]. Through this software, modelling involves the calcula-
tion of the density contrast, depth, thickness; and estimation of the geometry of
the anomalous buried body. The hypothetical model for each profile is the one
ensuring the best fit (or superposition) between the experimental and the calcu-
lated curves.

For this quantitative study, we plotted two gravity profiles P1 and P2 of re-
spective directions N-S and NE-SW (Figure 3(b)) on the residual map. These
profiles were selected from areas of interest where the anomalies are much tigh-
ter and ellipsoidal. The reconciliation of these profiles with the geological map
shows that P1 traverses from south to north, syenites, migmatites, anatexic gra-
nites, gneisses and schists; while P2 traverses granites and post and syn-tectonic
gneisses. Table 3 and Table 4 above summarise the modelled bodies hereafter
described for profile 2 and profile 1, respectively.

For profile P2, we obtained a model (Figure 5) defined by a 4™ order poly-
nomial curve with two relative maxima and a minimum, characterising a fault.

This curve allows —5.72 mgals for minimum and maximum 3.81 mgals north; a
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Figure 5. 2.5D model of profile P2.

relative maximum variable 9.54 mgals south. The terrain model which follows
from the gravity profile is a four lithologic units model.

Body 1

Its 2.75 g/cm’® density is characteristic of gneiss outcrops in southwestern
Baugogo. Further, the same area flushes with ancient syntectonic granites for-
mations in the south.

Body 2

With 2.6 g/cm’ density, it can be associated to late syntectonic granite met in
the heart of Baugogo. The E-trending fault in the W region, as prortrayed in the
gradient observed above 3°N parallel, can also correspond to a discontinuity or
lithological contact between the gneiss and late granite.

Body 3

It has 2.7 g/cm’ density and it is associated with anatexic granites met mostly
in the heart of Batouri. The overlap between the late syntectonic granites of
Baugogo anatexites and granites south of Batouri would be a flaw. Additionally,
an anomaly gradient observed around SN parallel 4°N may clearly highlight a
fault between Southern and Northern Batouri-Baugogo.

Body 4

Whit 2.65 g/cm’ density, it can be associated with shale encountered at north-
ern Gwé. The discontinuity observed in this model is probably the lithological
contact between the granites and Batouri schists observed in the Moundia area,
as shown by the gradient observed around the parallels 4°50'N. The flaw charac-
terized by the gradient observed between E-W direction and Baugogo-Batouri
has a depth of nearly 2800 m and the upper roof of the fault would be deeper
than 800 m.

In profile P1, we obtained a model which is defined by a 4™ order polynomial,
more spread that the curve displayed in profile P2. This curve allows
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Figure 6. 2.5D model of profile P1.

for minimum-4.47 magls and maximum 7.42 mgals on the south. The terrain
modelled from the profile 1 exhibits three lithologic units (Figure 6).

Body 1

Density 2.75 g/cm’, it is characteristic formations of gneiss with an average
density of 2.8 g/cm’. This seems to be gneiss unconformably laying on late syn-
tectonic granites of the area. Note here that the linearly increasing gravity gra-
dient in the E-W direction is observed above the 3°N parallel. This model may
correspond to a discontinuity or contact between the gneisses and granites.

Body 2

This body has 2.6 g/cm® density and it can be associated to syn to late-tectonic
granites met Bandongoue.

Body 3

With a 2.7 g/cm’ density, it can be associated to old syntectonic granites
which outcrop mainly in Mbangou above the parallel of 4°N. The discontinuity
observed in this model is probably a contact between the granites of different
ages. Note also that the N-S linear gradient identified around 4°N parallel, pre-
cisely between north and south Guedal-Mbaorguéné identifies this fault E-W
direction. Observed between the fault and Batouri-Gwé have a 2300 m depth.

6. Conclusion

In this study, we used the method of interpolation by the inverse square of the
distance, a method that requires the introduction of a quantity called strictly
positive smoothing parameter (smoothing factor), depending on data. As part of
this study, it is 0 = 45. Spectral analysis of data along the profiles P1 and P2 we
were localized at 2.54 km and 1.66 km deep above the roof of the body and at
0.50 km, and 0.30 km respectively, the lower limit of structures responsible for
major anomalies. The maximum depth of the sources detected in the P1 profile

realized on the map of Bouguer is 8 km. Processing and modelling of gravity da-
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ta from Batouri permitted us to get third order residual maps on which two pro-
files have been drawn to highlight subsurface structure models. These models
are characterized by the thickness, density contrast, depth to the top, the geolog-
ic shape, the width and major tectonic unevennesses. Gravity profiles studied
were interpreted into three or four terrain models. Structural analysis of models
shows that the basement presents many intrusions responsible of the anomalies
observed. High wavelength anomalies in the northeast Batouri are mainly due to
schist or light granite intrusions. Light anomalies in the south of Baugogo can be
related to a collapse of a terrain or the basement. The over thrust line between
late syntectonic granites in the north Baugogo and anatexic granites in the south
of Batouri, may be an E-W fault as suggested by S-N gravity gradient. The throw
of this fault is 2800 m. Spectral analysis of data along profiles has permit to lo-
cate anomalies at 8 km, 2.5 km and 1.7 km depth.
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