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Abstract

Sedimentological methods such as granulometry, morphoscopy and heavy
minerals analysis have been carried out to characterize alluvial gold deposits
of Betare-Oya and its surroundings, with the aim to determine their origin
and conditions in which they are formed and also to determine the minera-
logical content of these deposits, their nature and distribution. It came out
from this study the following: The alluvial deposits studied are sand, consti-
tuting of coarse fraction (grains), medium grains in abundant and fine grains.
The average values of sorting index (S0) and coefficient of asymmetry (A) are
respectively 2.53 and 0.73. These values indicate that the sand is poorly ar-
ranged and poorly sorted with a better classification or arrangement in the
coarse fraction (grains). These are sediments that are deposited together by
high competent currents. It would therefore probably be torrential deposits
and or streams from short transport. Unused grains are dominating (80.5%)
which translate a proximal source of the sediments. So it would be probably
from the dismantling of the surrounding landforms. The heavy minerals stu-
died revealed the presence of the following minerals; zircon, gold, sphene,
green hornblende, tourmaline, rutile, augite, hypersthene, sillimanite, glau-
cophane, biotite, staurotide, and the opaque. These minerals belong to the
cortege of plutonic and metamorphic rocks from a single proximal distribut-
ing province.
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1. Introduction

Gold remains one of the world’s economy strategic resource; its exploration,
therefore, remains a permanent and decisive activity. In Cameroon, the intensive
exploitation of alluvial gold has led to an exhaustion of mineralized deposits in
some basins of production. This is the case of the zone of Betare-Oya in the East
Region of Cameroon. So it’s crucial for the research of new auriferous indices
and most importantly their primary source so as to maintain the activity and in-
crease production for a better contribution of the natural resource to the Gross
Domestic Product(GDP) of the country. The characterization of alluvial deposits
by the sedimentological methods such as; particle size, morphoscopy and the
study of the heavy minerals constitute an approach which adheres or concurs to
the exploration of gold. It will lead to the understanding of the sedimentary dy-
namics responsible for the formation of these deposits and also to know the ori-

gin of the mineralization and their distribution.

2. Geological Setting

The study area, Betare-Oya is found in the East Region of Cameroon. The study
area is characterized by two (02) main hydrographic basins namely, Lom basin
in the North West and Kadei basin in the South East (Figure 1).

The geological context is that of the Pan-African base of the Cameroon center.
The geology of the Betare-Oya area is dominated by volcano-sedimentary rocks
of Neoproterozoic in the Lommetamorphise group [1]. In fact, the Lom basin

which is the greatest hydrological collector of the area is mainly composed of
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Figure 1. Location map of Eastern region of Cameroon and location map of the study area, with sampling points location.
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metasedimentary rocks grouped into two main structural and sedimentary units.
These units include the monocyclic unit which is composed of the volcanoclastic
materials of the Lom series, orthogenesis, quartzites and the polygenic conglo-
merates of Mali [2] [3], the metamorphosed green schist associated with the
graben. The polycyclic unit as for it includes the Mica schists, gneisses of the
Lom bridge and the myloniteschloritoides-staurolites linked to the structures in
horst form [3] [4] (Figure 2). These mylonites are the main characteristics of the
presence of the Sanaga Fault (SF) in the Region [2]. These different units are
crossed by quartz veins and the Pan-African granitoids (granites, monzoniteetc.)
[1] [4]. Structurally, the schists are well folded with an orientation of NE-SW
linked to the shear zone system. The alluvial and eluvial deposits are abundant
and hence concentrate mineralization [1].
The geology of the Ngoura zone is associated with that of Batouri as described
by [5]. In fact, these zones are formed of three (03) types of granitic intrusions in
the metamorphic host namely;
¢ Ancient syntectonic granites with often heterogeneous structures and with a
composition often oriented or even gneissic and whose contours are consis-
tent with the host formation.

e Late homogeneous syntectonic granites of compositions close to the previous
ones;

e Discordant post-tectonic granites, very homogeneous and more alkaline in

composition than the previous two.
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Figure 2. Generalized geological map of Cameroon and geological map of the study area.
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Moreover, we note the presence of primary gold mineralization linked to sili-
ceous appearances of vein appearance in shales and quartzites or then in the

disseminated form in the plutonic massifs [5].

3. Methodology of Investigation
3.1. Sampling

The alluvial deposits studied are surface sediments of the rivers distributed in
the 11 sectors which are: Lom sector (LM), Mali (ML), Nakoyo (NY), Bangbel
(BL), Sarambi (SB), Boyo (BY), Tourake (TK), Wantamo (WM), in the North
West zone of the study area and Woumbou (WB), Ouaden (OD) and Rigue
(RG) in the South-East zone (Figure 1).

A total of 11 samples corresponding to the 11 sectors were taken from the flats
(right bank and left bank) and from the beds of the rivers between 1 and 8m of
depth; these are gravel levels. After washing the samples with the use of a washed
pan, these samples were the subject of particle size, morphoscopic and minera-

logical analyses.

3.2. Study of Particle Size

The sediments were sieved by agitation according to the conventional procedure
[6], on an AFNOR column of 9 sieves with decreasing mesh, from top to bottom
having the following meshes; 4, 2, 0.5, 0.4, 0.315, 0.2, 0.1, 0.08, and 0.05 mm. The
sieving process was carried out for 15 minutes continuously with a constant am-
plitude of agitation. The rejects collected in each sieve were weighed on an elec-
tronic balance with a precision of 0.01 g. According to the Folk and Ward me-
thod [7], these data makes it possible to plot histograms and cumulative curves,
to calculate the particle size parameters such as the Mode (Mo), Median (Md)
and the quartiles (Q1, Q2 and Q3) and the sedimentological parameters such
asymmetry coefficient noted A (or Skewness noted Sk). These parameters make
it possible to characterize the feeling and the processes of transport and sedi-
mentation [8].

These parameters also make it possible to define the mode of transport of the
sediments as well as the of deposit midium resulting from the diagrams of Vish-
er [9] and Moiola and Weiser [10]. In fact, numerous studies have shown that
the Md-So diagrams applied to sands, permit to determine their deposit envi-
ronment [11] [12].

3.3. Morphoscopic Study

The morphoscopic analysis of the quartz grains was carried out with a binocular
microscope at a magnification of 40. The counting was carried out on 100 grains
per sample. The objective was to trace their conditions of transport. The surface
appearance and the shape of a quartz grain closely linked to their environments
and modes of transport [13], thus proposes the classification of all quartz grains

into three (03) categories; the unused corresponding to sand closer to its source
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of materials, the shiny foam which characterizes an aquatic transport and the

dull circles which indicates transport by wind.

3.4. Mineralogical Study

3.4.1. Heavy Minerals

Heavy minerals act as markers which provide information on the origin of rocks
and the conditions of transport [14] [15]. In order to make the identification of
heavy minerals, the samples taken underwent physical treatment mainly by the
quartering and sieving on approximately 20 g of the collected samples. The par-
ticles size cuts adopted in this work and recommended by Berthois and Lucas
[16] are distinct into three (03) fractions; 1) 60 pm - 250 pm; 2) 250 pm - 315
pm; 3) 315 pm - 500 pm. These different fractions will undergo treatment with
hydrochloric acid (10%) for 15 minutes for the removal of cements and lime
tests while organic debris are eliminated with oxygenated water (H,O,) for 10
minutes. The densimetric separation or extraction of heavy minerals is done by
immersion of the minerals in bromoform (CHBr;) which is a liquid of density
equal to 2.89; minerals with a lower density than that of the bromoform will float
on the surface and those with a high density are deposited at the bottom of the
separating funnel [17]. Once obtained, the minerals are mounted between thin
sections and lamella on a plat of Malassez using Canada balsam. Thus, when the
slide is prepared, it is then ready for microscopic examination. Minerals are

identified using a polarizing microscope.

3.4.2. Polished Sections

Preparing polished sections is similar to other materials preparation. It therefore
includes cutting in reduced dimensions as well as bonding to glass slide, etc. the
preparation follows the following steps or stages: After consolidation of the
sample by the means of a polymerizable resin, one proceeds to the coating in
order to obtain a suitable geometry or to protect the sample. Then a grind-
ing/lappingoperation is carried out in order to eliminate surface damage so as to
obtain a flat surface and to prepare it for polishing. And finally, we proceed to
polish the surface, which reveals the structures of the sample and obtain a re-
flecting surface [18] [19]. The sample is thus ready for observation under an

optical microscope by reflection.

4. Results and Discussions
4.1. Particle Size Data

The results obtained after sieving (Table 1) make it possible to construct graphs
(histograms and cumulative curves) and to calculate the main particle size pa-
rameters which are Mode (Mo), Median (Md) and quartiles (Q1, Q2 and Q3),
and the sedimentological parameters such as the sorting index (S0), the
Krumbein index (Qd®) and the asymmetry coefficient noted A (Skewness noted
Sk). All these parameters are listed in Table 2.
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Table 2. Particle size and sedimentological parameters.

Samples
Parameters LM ML NY BL SB WM WB BY oD TK RGg  verage
values

4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2 2 0.5 /

Modes (mm) 05 0.2 0.32 0.2 0.32 0.2 0.2 02 0.2 0.2 0.2 /

0.2 / 0.08 0.08 / / 0.1 / / /
Ql=Q25 1.7 15 1.6 1.8 3 1.7 1.9 2.7 2.6 4 1.7 2.2
Q2 = Q50 = Md 1 0.9 0.75 0.9 1.22 0.5 1 12 1 2.5 0.9 1.06
Q=Q75 0.4 03 0.33 0.3 0.36 03 03 0.3 0.3 0.5 0.3 0.34
S0 2.1 2.1 2.24 2.4 2.89 2.6 24 3 3 2.8 23 2.53
Qdo 15 1.4 15 16 2.82 1.6 1.7 2.5 2.5 3.7 15 2.03
A 0.7 0.7 0.97 0.7 0.73 2.1 0.7 0.6 0.86 0.4 0.6 0.73

The mode of the samples studied varies between 4 and 0.05 mm respectively
for the LM and OD samples, with a recurrence of modes 0.5 and 0.2 mm.
These plurimodial samples on a whole correspond to sediments which are
less well classified and not yet sorted; these would be sediments which come
from various sources [20].

The median (Md) shows values between 0.45 and 2.45 for an average of 1.06.
The highest median is from the TK sample while the reliable is from the WM
sample. The vast majority of the studied samples present values of medians
which are not close to the values of the modes with the exception of the WM
sample (value of median and mode are near), which translates badly classi-
fied sediments joined together.

The sorting index (S0) displays values that range between 2.07 and 2.99 re-
spectively in the LM and BY samples. The average SO is 2.53 for all the sam-
ples studied. According to Table Y, 06 samples (LM, ML, NY, BL, WB, and
RG) have SO values less than 2.5, which indicates a well-classified sediments
of fluvial origin; while SO between 2.5 and 3.5 correspond to fairly
well-classified sediments. The average of SO = 2.53 corresponds to sediments
which are fairly well classified overall.

The Krumbein index (Qd®) shows values between 1.5 and 3.73 respectively
in the NY and TK samples. The average value across all samples is 2.03. It is
known that, sediment is well classified if its value tends towards zero (0);
however, it turns out that the Qd©@ values obtained in the samples studied are
not close to zero (0), therefore, we are in the presence of poorly classified se-
diments.

Asymmetry (A) or Skweness (Sk) values are between 0.35 and 2.12, values
obtained in the TK and WM samples respectively; for an average of 0.73 on

all the samples studied. The asymmetrical coefficient which displays an aver-

DOI: 10.4236/ijg.2020.1112040

789 International Journal of Geosciences


https://doi.org/10.4236/ijg.2020.1112040

D. M. E.Nnaetal

age value of 0.73, that is to say less than 1, reflects a maximum classification
on the side of coarse grains; which would correspond to poorly classified tor-
rential sediments.

e The frequency curves obtained, on the other hand, shows a slight irregular
slope (Figure 3), which corresponds to poorly classified sediments. The ana-
lyzed samples show histograms that are on the whole multimodal (bimodal to
trimodal) (Figure 4) with two frequent modes namely 0.5 and 0.2. This mul-
timodality of the samples would correspond to deposits from a short course,
by irregular currents. These are poorly sorted sediments.

The parameters SO and Qd® are relatively similar in the NW and SEzones.
However, although the mean values of the asymmetry index are less than 1, it
appears that the asymmetry to NW has a value that is closer to 1 unlike that of
the SE zone. This implies that the sediments in the NW (Lom basin) are more
evolved than those in the SE (Kadei basin) characterized by coarser sediments,
which therefore belong to the torrential type.

The Md-S0 diagram resulting from the granulometric parameters of the sand
samples make it possible to determine their depositional environment. The
Md-S0 diagram obtained during this work reveals that the sediments studied are
derived mainly from the river domain (Figure 5). In view of the above, it merges
that, the alluvial deposits studied belong to a fluvial type deposition environ-

ment.

4.2. Morphoscopic Data

The study was carried out at the laboratory of the Small-scale Mining Support
and Promotion Framework Unit (CAPAM) in Yaounde, which made it possible
to determine the percentage of unused grains, shiny blunt grains and
round-mast grains contained in the 11 samples analyzed. The results obtained

after observations are recorded in Table 3.
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3 80 ——NY
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E 60 ——SB
[$]
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Figure 3. Cumulative granulometrics curves of the samples.
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Figure 4. Histograms of the samples LM (Lom sector), WM (Wantamo area), ML (Mali sector), WB (Woumbou sector), SB
(Sarambi sector), TK (Tourake sector), NY (Nakoyo sector), BY (Boyo sector), BL (Bangbel sector), OD (Ouaden sector), and RG
(Rigue sector).
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Figure 5. Diagram Md-So of the study area’s sediments.
Table 3. Percentage of differents typesof grain.
Sectors Samples Unused (%) Shiny blunt (%) Round mast (%)
Lom LM 87 12 1
Mali ML 78 21 1
Nakoyo NY 80 20 0
Bangbel BL 81 18 1
Sarambi SB 85 13 1
Wantamo WM 75 23 2
Woumbou WB 81 18 1
Boyo BY 82 17 1
Quanden OD 78 21 1
Touraké TK 83 16 1
Rigué RG 76 23 1
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The data obtained make it possible to construct the histogram of Figure 6.
The following are from this analysis: The unused grains are between 75% and
87%, respectively in the WM and LM samples, for an average of 80.54% for all
the samples analyzed.

The shiny blunt grains are between 12% and 23% respectively in the samples
LM and WM and RG respectively. The average for this type of grain is 18.36%.
The round mast grains, for their part show percentages which vary between 0
and 2% obtained respectively in the samples NY and WM; and an average of 1%.

4.3. Mineralogical Data

4.3.1. Microscopy of Heavy Minerals

The polarizing microscope observation of thin sections made it possible to dis-

tinguish mainly the following heavy minerals; Opaque, Zircon, green hornblende,

tourmaline, sillimanite, biotite, brown hornblende, rutile, garnet, sphene, stau-

rotide, muscovite, hypersthene and glaucophane (Table 4).

The percentage or average content of these different heavy minerals obtained

in the samples is expressed in the form of a pie chart (Figure 7).

e Opaque is the first mineral species in terms of representation (33.6% on av-
erage). They are dark minerals of a more or less rounded shape whose light
could not pass through.

e Zircon is present in all the samples studied; their content varies from 10% to
25% with an average of 12%. They are more abundant in samples from the SE
zone, where their content varies between 28% and 32%. In the NW zone, the
content varies between 5% and 10%.

e Green hornblende is also present in all samples; their proportion varies be-
tween 6% and 18%, for an average of 12%. The highest proportion (18%) is
recorded in the WM sample from the NW zone.

e Brown tourmaline comes in slightly elongated rods, striated longitudinally. It
is brown in PLNA. Its percentage of representation varies between 4% and

12%, an average of 8%.

100
90
80
70
60
50
40
30
20
10

®Unused
= Shiny blunt

= Round mast

LM ML NY BL SB WM WB BY OD TK RG

Figure 6. Histogram of specific percentage of quartz grains found in samples of the study

area.
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Table 4. Percentage of different heavy minerals observed.

Samples
Minerals (%)
LM ML NY BL SB WM WB BY OD TK RG
Opaque 40 32 34 38 40 40 30 30 28 27 32
Zircon 6 8 10 9 8 5 17 6 23 10 25
Green hornblende 10 6 14 8 14 18 13 14 12 13 16
Brown hornblende 2 5 7 5 / 6 3 2 4 3 3
Sillimanite 8 6 10 9 9 8 5 8 7 12 12
Tourmaline 12 5 7 5 6 7 8 9 11 10 12
Rutile 8 2 5 3 / 1 2 2 3 4 /
Biotite 6 15 8 12 15 12 8 13 4 11 /
Muscovite 4 15 / 6 8 / 10 11 5 8 /
Sphene / 3 / / / 1 2 4 3 / /
Glaucophane / 2 / / / 1 / / / /
Staurotide 2 / 4 / / / / 1 / / /
Garnet / 1 1 3 / 2 1 / / / /
Hyperstene 2 / / 2 / / / / / 2 /
Sphene  Glaucophane Staurotide Grenat
Muscovite 1% 0.30% 1% 1%
6% Hyperstene
0.4%
Biotite
9%
Rutile
4%
Tourmaline
8%
Hornblende
brune
4% m Opaque H Zircon 1 Hornblende verte
" Hornblende brune  mSillimanite ® Tourmaline
H Rutile M Biotite B Muscovite
M Sphéne H Glaucophane M Staurotide
I Grenat 1 Hypersténe

Figure 7. Circular diagram showing the distribution of heavy minerals.
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o Sillimanite is recognizable by its colorless appearance in PLNA and its lively
3™ order shade in PLA. It has various forms. Its percentage in the samples
varies between 5% and 12%, for an average of 9%.

e Biotite is brown with no extinction in the PLA. It has more or less elongated
forms. Its percentage is between 2% and 15%, with an average of 9%. The
15% peaks are recorded in the ML and SB samples from the North West
zone.

e The rutile is presented either in baguette with a clear outline or in rounded
grain. It is brown to dark red in PLNA. It is no abundant in samples from the
area and represents an average of 4% for all the minerals studied. Their per-
centage is between 1% and 8% with a peak found in the LM sample.

e Garnet in natural light is pink and globose with many cracks. Its percentage
is between 1% and 3%, for an average of 1%.

e The staurotide is brown in natural light and has various forms. It is very
weakly represented. Its average percentage is 1%.

e Muscovite is colorless in PLNA; muscovite has pseudo hexagonal forms with
cleavages. Its percentage ranges from 4% to 15%, an average of 6% of all
minerals. The 15% peak is recorded in the ML sample from the NWzone.

e The sphene is a colorless to yellow mineral with variable contours, showing
cracks. It is also very little represented with an average of 1%.

e Hypersthene shows a brown and greenish color in PLNA. Hypersthene has
minerals that are blunt and more or less elongated. They are very poorly
represented with an average percentage of 0.4%.

¢ Glaucophane is white in polarized light not analyzed (PLNA) and dark blue
in polarized light analyzed (PLA) with shapes that are more or less rounded.
Its average percentage is also very low, around 0.3%.

The rocks crossed by the rivers condition to a considerable degree of quality
and quantity of the heavy minerals contained in the alluvium. Thus, it emerges
from this study that the heavy minerals obtained come from two main minera-
logical processions namely, the plutonic procession consisting of green
hornblende, brown hornblende, sphene, hypersthene, tourmaline and a meta-
morphic procession consisting of sillimanite, glaucophane, and staurotide on the
other hand. Biotite, garnet, muscovite, and zircon are so-called mixed minerals
because of their occurrence in the two processions mentioned above the two
mineralogical processions (plutonic and metamorphic) highlighted come from a
single proximal distributing province. This confirms the existence in the area of

several mineralize siliceous veins and veinlets and dissemination [5].

4.3.2. Microcopy of the Polished Sections

The polished sections of the bottom of the pits were observed at the GEMME
Laboratory at the University of Liege in Belgium. The samples from four (04)
sectors were the subject of this study namely; ML, RG, LM, and WB. The results
of the observations are illustrated in the figures below and revealed the follow-

ing:
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e The RG sample in natural and polarized light (Figure 8) reveals the presence
of the following mineral species: Zircon (Zr), Garnet (Gr), Gold (Au), brown
hornblende (Hb), biotite (Bt), and rutile (Rt).

e The background sample ML shows the presence of Gold (Au), Zircon (Zr)
and Sphene (Sp) (Figure 9).

e In the ML sample, the rutile (Rt) and augite (At) could be identified. The WB
sample allowed the observation of gold metal and opaque minerals (Op)
(Figure 10).

Although the sorting index (S0) shows well to fairly well-classified sediments,
the rest of the parameters are the asymmetry coefficient (A), the Krumbein in-
dex (Qd@), the histograms and the cumulative curves show that the samples
studied are generally poorly classified and poorly sorted sediments. They have a
better ranking in the coarse fraction. From the particle size and morphoscopic
point of view, the samples from the two sectors namely Lom (LM), Mali (ML),
Nakoyo (NY), Bangbel (BL), Sarambi (SB), Boyo (BY), Tourake (TK), Wantamo
(WM) in the North West zone and Woumbou (WB) Ouaden (OD) and Rigue
(RG) in the South East zone are similar. The study of heavy minerals also shows
that the samples from these two sectors are fed by plutonic and metamorphic
processions. Note however the dominance of zircon in the samples from the SW

zone in the Kadei watershed.

Figure 8. Polished sections of the bottom pan. (A), (B) Slide of the RG sample in natural
ligh and polarize light respectively.

Figure 9. Polished sections of the bottom pan. (B) Thin section of the ML sample in
polarized light.
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Figure 10. Polished sections of the bottom of the pan. (A) Thin section of the ML sample
in natural light; (E) Slide of the LM sample in natural light; (F) Slide of the WB sample in
natural light.

5. Conclusions

Alluvial deposits in the Bétaré-Oyaarea and its surroundings, in the eastern re-
gion of Cameroon notably in the sectors of: Lom, Mali, Nakoyo, Bangbel, Sa-
rambi, Boyo, Wantamo, Tourake, Woumbou, Ouaden, and Rigue were the sub-
ject of a sedimentological study which relied notably on the particle size, mor-
phoscopic analyzes and the study of heavy minerals. These analyzes made it
possible to determine the origin and the conditions of installation of the sedi-
ments, to know the nature of their mineralogical content and their distribution
in order to detect the zones of gold Mineralization. The results obtained showed
the following: The alluvial deposits studied are sediments consisting of a coarse
fraction, an abundant medium fraction and a fine fraction. The mean of the
sorting index SO = 2.53 corresponds to sediments which are fairly classified
overall. The Qd®@ values obtained are not close to zero (0), therefore, they are
poorly classified sediments. The coefficient of asymmetry (A) which displays an
average value of 0.73, that is to say, less than 1, reflects a maximum classification
on the side of coarse grains; which would correspond to poorly-classified torren-
tial sediments. Furthermore, the histograms constructed are on the whole plu-
rimodal (bimodal to trimodal), which corresponds to deposits from a short
course, by irregular currents, these are poorly-classified sediments. The fre-
quency curves obtained do have weak and irregular slopes, they are poorly clas-

sified sediments. These sediments were deposited by current of strong compe-
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tence. These are likely torrential and/or fluvial deposits from short transport.
Unused grains are dominant in almost all samples with an average of 80.5%;
which indicates short transport of sediments due to a proximal source. The rest
of the grains are made up of shiny blunt (18.36%) and round mast (1%).

In terms of particle size and morphoscopy, the samples studied are poorly
classified and poorly sorted sediments dominated by coarse fraction and mostly
made of elements that are no worn. These sediments would be of fluvial and/or
torrential origin from short course.

The heavy minerals revealed the presence of the following elements: zircons,
sphene, green and brown hornblende, tourmaline, rutile, and hypersthene; silli-
manite, staurotide, glaucophane, biotite, muscovite, garnet, gold, augite and
opaque minerals. These minerals come from two proximal mineralogical pro-
cessions, namely plutonic and metamorphic procession. The dominance of zir-
con in the Woumbou (WB), Rigue (RG) and Ouaden (OD) samples should be
emphasized.
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