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Abstract

The demand for useful ores has been growing steadily, especially since there is
increasing interest in bauxite ores. This growing demand is prompting re-
searchers to justify a large number of research projects on bauxites. The aim of
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ONom

this work is to characterize the Boundou-Waadé bauxite deposit. The proposed
methodology is mainly based on sample collection, stratigraphic logs, cross-
sections and geological maps. Samples were analyzed at the Compagnie des
Bauxites de Guinée laboratory. Geochemical data were processed using statis-
tical methods. Devonian sedimentary formations and Mesozoic dolerites char-
acterize the study area. The Boundou-Waadé bauxite deposit was developed on
Devonian and Mesozoic formations. Stratigraphic logs show the succession of
formations, with the bedrock overlain by the alteration crust. The bauxitic
zone, the transition zone and the ferruginous laterites are the subject of petro-
graphic studies, with both zones (bauxitic and transition) containing some fer-
riplantite. Mineralogical analysis clearly shows that gibbsite, goethite, alumogoe-
thite, rutile and clay minerals are present. The geochemical study of the major
elements shows that as SiO, and Fe,O; content decreases, Al,Os content in-
creases and TiO, and ALLO; content increases in the same direction.

Keywords

Bauxites Aleuro-Argillite, Dolerite, Gibbsite

DOI: 10.4236/gep.2024.1212002

Dec. 11, 2024 28

Journal of Geoscience and Environment Protection


https://www.scirp.org/journal/gep
https://doi.org/10.4236/gep.2024.1212002
https://www.scirp.org/
https://doi.org/10.4236/gep.2024.1212002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

C.V.Traoré et al.

1. Introduction

Bauxite, iron and gold mineralization is known and exploited in West Africa, par-
ticularly in Guinea (Figure 1(a)). West Africa and Brazil hold the world’s largest
reserves of lateritic bauxites (Boulange et al., 1990). Bauxite ore deposits are lo-
cated on either side of the uplift axis of the West African shield (Bruno Boulanger
and Millot, 1988). Guinea’s abundance of resources has earned it the title of “ge-
ological scandal”. In recent years, the demand for useful minerals has continued
to grow, especially as there is growing interest in bauxite ores, which play an es-
sential role in many fields such as industry and technology. However, the exploi-
tation of bauxites is an economical option for the countries that own them, it jus-
tifies a high level of bauxite research. Bauxite ore is economically viable if it con-
tains at least 40% ALOs, less than 8% SiO,, and the ALOs/Fe,O; ratio must be
greater than (Njoya et al., 2017). Today, estimated bauxite reserves are around 40
billion tonnes, or 45% of the world’s resources, located in the western part of the
country (low coast) in an intracontinental basin known as the Paleozoic Bowé Ba-
sin (Mamedov et al., 2010). In terms of quality, the Sangarédi plateau is unique in
the world for its Al,O; (58% - 64%), SiO, 0.8% - 1.5%, Fe,O; < 4%; Mort terrain <
25 cm, more than 250 million tonnes over a surface area of 5 km?* with an average
bauxite thickness of 45 m. Boké bauxite province belongs to the Bowé Basin and
comprises several bauxite plateaus, including the Boundou-Waadé plateau, sur-
veyed at a scale of 1/200,000 (Samozvantsev et al., 1976). However, previous work
has revealed the presence of three (3) types of bauxite on the Boundou-Waade
deposit: the residual laterite type, the sedimentary type and the chemogenic type.
Today, the bauxite mined by CBG is of the residual type, representing 75% of
bauxite reserves. Very few scientific studies are available on these bauxite deposits,
which makes their development complex. The aim of the present work is to study
the petrography, geochemistry and mineralogy of bauxite samples with a view to
their potential benefit.

2. Geological Setting
2.1. Geology of the Study Area

The prefecture of Boké is located in northwestern Guinea (Figure 1(b)) between
latitudes 10°30" and 11°45' north, and longitudes 13°45" and 15°00 west. It covers
11,453 km? (Mamedov et al., 2010) and belongs to the Lower Guinea natural zone.
The Boké region is made up of sedimentary formations of the Plateformian cover,
crossed by numerous Mesozoic intrusions. This sedimentary cover is identified by
the Ordovician formations, which are marked by fine quartz sandstones, some-
times with aleurolite intercalation, observed to the southwest (Seliverstov, 1970).
The Silurian formations are represented by finely bedded black argillites, compact
argillites, aleurolites and lenses of micro oolitic iron with intercalation of quartz
sandstones (Seliverstov, 1970). The Devonian is underlain by Silurian argillites
and aleurolites represented by quartz sandstones (Samozvantsev et al., 1976). At

the end of the Paleozoic and Mesozoic, the study region experienced intense

DOI: 10.4236/gep.2024.1212002

29 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2024.1212002

C.V.Traoré et al.

tectonic activity linked to the break-up of the Gondwanan continent and the
opening of the Atlantic. This activation is marked by the formation of a system of
NE-SW transform faults and several secondary faults, through which intrusions
have accessed. These magmatic intrusions are represented by dolerites (Boufeev
et al., 1970; Samozvantsev et al., 1976). There are Cenozoic marine formations
(quartz sands, bedded clays) and Paleogene weathering crusts resting on Paleozoic
formations. The Neogene is characterized by conglomerates that lie concordantly
on the Paleogene. Quaternary deposits are represented by sands, sandy silts, ma-
rine kaolinitic clays, fluvio-lacustrine clays and sands. These deposits are found

on the coastal plain and sometimes in the river valleys (Figure 1(c)).
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Figure 1. Presentation of the study region; (a) Location of Guinea; (b) Location of the study
region; (c) Geological map of the study region. Cenozoic: 1—Undifferentiated deposit, al-
luvial clayey sands and sandy silts with gravels, pebbles and gravels, clayey sands and sandy
silts with clayey arena and pebbles, deluvial-proluvial. Marine silt, clays, clayey sands and
sands. Mesozoic: 2—Dolerite; gabbro-dolerites; cogon-diabase; rarely granophyres. Paleo-
zoic: 3—Dfr: Faro suite, aleurolite, mudstone, sandstone. 4—Stl: Péleméle suite, argillite,
aleurolite. 5—Opt: Pita suite, sandstone, quartzite and oligomictes, often oblique. Aleuro-
lite lenses, gravites, conglomerates. 6—Subvertical faults. 7—Fault supposedly under the
mantle of younger rocks. 8—Watercourses.

2.2. Geology of the Boundou-Waadé Deposit

The Boundou-Waadé bauxite deposit is represented by Devonian aleuro-
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argillites, argillites and aleurolites into which Mesozoic dolerite sills and dykes are
injected (Samozvantsev et al., 1976). On the deposit under study (Figure 2), the
oldest faults strike northwest and north-south, while northeast-trending brittle
dislocations are associated with recent transform faults. Northwest- and north-
east-trending faults are the best developed. Tectonic activation occurred during
the neotectonic phase when inherited landforms were established (Samozvantsev
et al., 1976). The Mesozoic tectonomagmatic reactivation of the source rocks the
Boundou-Waadé favored the emplacement of dolerite sills. These sills, of modest
dimensions (4 - 10 m), are sub-concordant and gently sloping in relation to the
surrounding Devonian sedimentary rocks (Mamedov et al., 2010). They alternate
with intercalation of the sedimentary rocks of the Faro suite, whose thickness is
comparable to that of the lateritic cover. The deposit under study is associated

with the core of the Bowé syncline (Figure 2).

Scale: 1/2000

Legend 151230 4 SE

Figure 2. Geological map of the deposit modified from (Mamedov et al., 2010). 1—
Gravelo-conglomeratic bauxites derived from Sangarédi series deposits; 2—Middle Mio-
cene post-sedimentary laterite formation overlying dolerites; 3—Ferruginous laterites of
the transition zone derived from aleuro-argilites; 4—Massive gelomorphic bauxites derived
from dolerites; 5—Gravelly gravelly bauxites derived from Sangarédi series deposits; 6—
Pseudomorphic bauxites derived from dolerites; 7—Faults; 8—Watercourses.

3. Materials and Methods
3.1. Materiel

The main material studied is the Boundou-Waadé bauxite deposit. To carry out
this study, the following tools were used:

* Estwing hammer and an Atlas Copco drill to take samples;

* Canvas software to digitize maps and stratigraphic logs.

* ADP-1 diffractometer to determine mineralogical composition;

* Polarized microscope for petrographic analysis of samples;

¢ ICP-AES spectrometer to identify major elements;

* Triplot v4.1.2 software for triangular diagrams and Statigraphic Centurion_

18.1.12 software for geochemical data processing.

3.2. Methods

During our internship from January 24 to March 30, 2020 at Compagnie of
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Bauxites in Guinea, geological observations and studies (core analysis, stratigra-

phy, etc.) were carried out.

* Samples were then taken from the Boundou-Waadé deposit. The samples were
sent to the mechanical laboratory for preliminary processing and then to the
CBG laboratory in Kamsar for analytical study. A total of around seventy (70)
samples were collected for macroscopic and microscopic analysis. Polarizing
microscopy of lateritic rocks presents difficulties due to the (sub-microscopic)
size of the phases and the presence of opaque sectors in highly ferruginous
varieties. For this reason, the most interesting samples were analyzed by elec-
tron microscope and also by microprobe. These analyses were carried out at
the Chair of Petrology and Mineralogy at Moscow’s Lomonosov Federal Uni-
versity.

* Twelve (12) samples were analyzed by X-ray diffraction to determine the min-
eralogical composition. Subsequently, 12 samples were brought into play to
identify the major elements in bauxites. The method consists of etching the
sample on a hot plate in three stages: first with the mixture (HF and HCL),
then with the mixed (HN03 + HCL) in by HCL.

* Bauxite samples were analyzed at the Institute of Steel and Alloys, Moscow,
Russia, using inductively coupled plasma atomic emission spectrometry (ICP-
AES). (ICP-AES) for the detection of major elements. All samples were plotted
in triangular diagrams according to (Al,O5-SiO,-Fe,Os), which made it possi-
ble to classify the samples according to these three categories. In short, statis-

tical methods made it possible to analyze geochemical data.

4. Results
4.1. Stratigraphic Results

The Boundou-Waadé deposit is underlain by ferruginous bauxites 1.5 to 3 m thick
at the surface, covered in places by vegetation. Analysis of stratigraphic logs C, D,
E, H and J (Figure 3) shows two (2) types of formation: source rocks at the base,
more than 1 m thick, topped by the alteration crust (Bhukte et al., 2020). This
weathering crust is subdivided into four (4) distinct horizons (Sidibe and Yalcin,
2019): from bottom to top, there is the initial decomposition horizon (4 m thick),
the clay horizon (1.5 m to 3 m), the transition zone (3 m to 7.5 m), and the free
oxide or bauxite zone (9.5 m) (Figure 3). This bauxite zone is marked by gelified

and lateritic bauxites. Isolated intercalation of nodular ferriplantites is observed.

4.2. Petrographic Results

¢ Bauxites

Macroscopic and microscopic studies were carried out on bauxites and ferrugi-
nous laterites.

The Boundou-Waadé deposit contains two (2) groups of bauxites:
- Lateritic bauxites (in-situ) subdivided into two (2) litho-genetic types accord-

ing to their texturo-structural features:
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Figure 3. Stratigraphic logs of boreholes C, D, E, H and ] (Mamedov et al., 2010) (modified
after). C—deriving from dolerites; with weakly gelled bauxites and classic apodoleritic

bauxites; D—deriving from the recurrence of dolerites and aleuro-argillites with gelomor-
phic and gelled apodoleritic bauxites; E—deriving from the recurrence of aleuro-argillites
from the upper member of the Faro suite and dolerites; with structural gelled bauxites; H—
derived from deposits of the Sangarédi series, underlain by dolerites; with gravelly and
gravelly-conglomeratic bauxites derived from the Sangarédi series; J—derived from depos-
its of the Sangarédi series, underlain by dolerites; with gravelly bauxites derived from the
Sangarédi series and apodoleritic gelomorphic bauxites. 1—Vegetated soil; 2—Strands of
ferruginous laterites, in places with nests of clay laterites; 3—Red and tobacco yellow ferri-
plantites; 4—Ferruginous laterites (curasse); 5—Ferritization zone; 6—Gravelly gravelly
bauxites derived from deposits of the Sangarédi series; 7—Gravelly conglomeratic bauxites
derived from deposits of the Sangarédi series; 8—Massive gelomorphic bauxites derived
from dolerites; 9—Pseudomorphic gelled bauxites derived from aleuro-argilites; 10—Pseu-
domorphic gelled bauxites derived from dolerites; 11—Pseudomorphic bauxites derived
from dolerites; 12—Ferruginous dolerite-derived transition zone bauxites; 13—Pseudo-
morphic white, grayish-white and pink kaolinitic clays derived from aleuro-argilites.

- bauxites formed at the expense of aleurolites, Devonian clays (Figure 4(a) and
Figure 4(c)).

These bauxites are most often referred to as structural bauxites;

- bauxites formed from Mesozoic dolerites (Figure 4(b) and Figure 4(d)).

Both types of bauxite are characterized by their low quality and low aluminum
monohydrate content. This is due to the predominance of gibbsite. Alumogoethite
has a low alumina content. Titanomagnetite is present in apodoleritic bauxites.
Rutile and anatase are typical for bauxites developed at the expense of Devonian
rocks (Figure 5(a) and Figure 5(b)). Lateritic bauxites can be distinguished by their
textural features and platelet-like divisions for structural bauxites (Figure 5(d)) and
shell-like divisions for apodoleritic bauxites.

Chemogenic bauxites represent only 2%, and are simply the product of the
chemical redistribution of elements at the base of lateritic bauxites. The latter is
subdivided into two (2): gelomorphic bauxites, which are less widespread on the
deposit, and gelified bauxites, which are more widespread (Figure 5(c)). They

have a massive texture and a microcrystalline structure. In comparison with
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lateritic bauxites, they are similar in textural features, with a slight difference in

pink-white coloration; lighter pink.

(c) (d)

Figure 4. (a)—Lateritic bauxites derived aleuro-argillites; (b)—Apodoleritic gelled baux-
ites; (c)—Gelomorphic bauxites from the Sangarédi series; (d)—Apodoleritic gelled baux-
ites.

Figure 5. (a)—Lateritic bauxites derived aleuro-argillites; (b)—Lateritic bauxites derived
from the Sangarédi series; (c)—Gelified bauxites derived aleuro-argillites; (d)—Apodoler-
itic gelled bauxites.
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* Ferruginous laterites from the upper part of the bauxite interval

Ferruginous laterites have a massive, cavernous texture and an aphanitic colo-
morphic structure (bauxite derived from dolerites). As a rule, they are composed of
ferrigels and hematogels that form rhythmically zoned patches encrusting the walls
of cracks and caverns. Large grains of newly-formed secondary gibbsite, 2 - 3 mm
in diameter, are also found.
* Ferruginous laterites of the transition zone developed at the expense of al-

euro-argilites of the upper limb of the Faro suite

They have a pseudobrecciated texture with yellow, yellowish-red coloration and
pores. Fragments range in size from 1 - 2 to 6 - 9 mm, with a sharp-edged shape
and a very bright dark-red color. The cement is composed of hematogel and fer-
rigel with a yellowish-red, variable-yellow color. The fragments have a massive
texture and an aphanitic collomorphic structure, occupying a large part (80% -
90% and more) composed of ferruginous minerals (goethite, hematite). The ce-
ment is developed in the form of veinlets, and presents an aphanitic texture and a
collomorphic structure. It is semi-transparent under piercing light. The cement is
composed of ferrialumogel (Figure 6).

Figure 6. Ferruginous laterites from the upper part of the interval.

4.3. Mineralogical Results

XRD analysis shows that mineralogical composition is similar in all log bauxites
(C,D, E, H,]). The results of quantitative phase analysis are given in tables (1 and
2); these values represent the relative quantities of crystalline and amorphous
phases normalized to 100%. Boehmite and diaspore are absent in some samples.
The bauxitic horizon of log C, D and E—most samples contain gibbsite, alumogoe-
thite, goethite, hematite, anatase and rutile, accompanied by a mineralization of
hydromica.

Several mineral combinations: kaolinite (C06 and C07); kaolinite, quartz (C07);
kaolinite, quartz and hydromica (E01) (Table 1). In the clay horizon of sections
C, D and E, most samples contain kaolinite, quartz and hydromica. In the Log H

and ] bauxitic horizons, most of the samples contain kaolinite, quartz and
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hydromica. contain gibbsite, alumogoethite, goethite and hematite, accompanied
by one or more minerals such as rutile and kaolinite (JO1) (Table 2). In the clay
horizon. From the results of mineralogical analysis (Table 1 and Table 2), given
the absence of boehmite and diaspore, we can deduce that gibbsite is the economic

mineral for aluminum at Boundou-Waadé.

4.4. Geochemical Results

Geochemical analysis clearly shows that Boundou-Waadée bauxite is essentially
composed of: ALLO; (23% - 68.4%); Fe,O; (3.00% - 51.25%); SiO, (0.5% - 2.9%)
and TiO, (1.32% - 8.1%).

Alkaline and alkaline-earth: FeO (0.04% - 0.43%), CaO (0.05% - 0.16%), MgO
(0.05% - 0.42%). MnO (0.0064% - 0.072%). K,O (0.002% - 0.5%). Na,O (0.01% -
0.7%). P05 (0% - 0.1%) et PAF (011% - 29.5%) have low values (Table 3).

Table 1. Table type styles Logs C, D, E mineralogical result.

Bauxitic horizon Clay horizon

Mineral Chemical formulas C02 C03 C04 CO05 C06 D03 D04 DO5 E02 E03 E04 C01 D01 D02 CO07 EO1
Gibbsite Al(OH)s 31 12 29 25 22 80 69 10 77 40 61 48 82 25 - 10
Boehmite AlO(OH) - - 2 - - 1 - - 2 3 - 35 2 3 - 2
Diaspore AIO(OH) - - - - - - - - - - - - - - - -

Alugﬁ;ie;hite FeO(OH) 6 22 12 6 8 4 11 19 5 10 4 8 4 21 16 16
Hématite Fe:03 7 - 5 15 13 11 15 - 6 12 4 8 3 5 - 6
Anatase TiO. 1 - 1 0.5 1 15 - - 3 0.5 1 0.5 3 1 - -
Rutile TiO: 1 - 1 0.5 1 15 - - 3 0.5 1 0.5 3 1 - -
Kaolinite ALSiO3(OH)4 - - - - 7 - 1 - - - - - - - 50 -
Quartz SiO2 - - 2 - 2 - - - - - - - - - 2 -
Hydromica (S(IK ;xlgzgig([?cl;gzg();:c);)] T T e 2

Fe, Mg, Al)s

Chlorite (Si(, Al)4Oglo(O)H)g ) i i i i ) ) ) i i ) ) i i ) i

Phase R/a 54 66 48 54 46 - - 70 5 5 33 33 3 44 32 64

Table 2. Log H, ] mineralogical result.
Bauxitic horizon Clay horizon

Mineral Chemical formulas HO1 HO02 HO03 H04 HO5 HO06 HO07 H08 H09 ]Jo1 Jo2 Jo3 Jo4
Gibbsite Al(OH)s 75 57 42 42 42 36 77 16 16 35 32 - -
Boehmite AlO(OH) 17 18 6 6 6 7 16 - - - - - -
Diaspore AIO(OH) 3.52 2 2.61 34 3.1 19.9 7.3 43 73.5 11 - - -
Alumogo‘ethite FeO(OH) i i i i i i i i i i i i i

Goéthite
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Continued
Hématite Fe203 - - - - - - - - - - - - R
Anatase TiO2 - - - - 1 - - - - - - - _
Rutile TiOa - - - - 1 - - - - - - - -
Kaolinite ALSiO3(OH)4 - - - - - - - - - - - - _
Quartz SiO, - - - - - - - - - - - - _
bydromie | CCHOMLMgF:
(Si, Al)4O10[(OH).(H,0)]
Fe, Mg, Al)s
Chlorite (Sif Al), gw(O)H)g T T
Phase R/a - - - - - 0.73 0.19 0.21 0.7 63 - - -

Clays (C07,J04 and J03) have component values ranging from 0.05% to 41.25%.

Al,O5 (24.07% - 29.9%). SiO; (32.5% - 41.25%) Fe,O; (18.6% - 21%) TiO,
(1.68% - 2.52%) FeO (0.13% - 0.16%) CaO (0.09% - 0.15%) MgO (0.05% - 0.42%)
MnO (0.08% - 0.23%) K,O (0%) Na,O (0%) P,Os et (0%) and (13.22% - 15.5%)
PAF. While the aleuro-argillite samples: (CO5; CO6; H08; JO1; JO2) have respec-
tive values in: Al,O3 28.58% and 41.47%; SiO; 1.72% and 7.00%; Fe,O3 30.8% and
48.50%; TiO, 1.50% and 2.68%; FeO 0.04% and 0.43%; CaO 0.05% and 0.08%;
MgO 0.05% and 0.05%; MnO 0.02% and 0.04%; K,O 0.00% and 0.03%; Na,O 0.00%
and 0.03%; P,Os < 0.05% with a PAF ranging from 0.21% to 23.88% (Table 3).

Table 3. Chemical analysis results.

(2)

Gelified bauxites Lateritic bauxites Ferriplantitis

NOEch. Co4 D03 D04 E02 HO01I HO03 H04 HO5 H06 H07 C02 Do1 D02 Eo01 HO02 Jo1 Jo2  C03 D05 HO09

ALO; (%) 53.6 54.69 456 59.77 60.6 58 68.4 61.5 52 61.4 3894 532 2583 23 40.1 37.48 41.47 15.58 16.3 10.78

SiO, 072 057 057 195 29 0.9 0.4 0.5 0.79 14 1.5 0.92 1.6 4.05 0.82 22 215 285 275 2.6
Fe,0; 1.84 95 25 695 3.8 11 3 335 199 73 31 8.2 50.75 51.25 35.8 375 308 62.7 60 73.5
TiO, 2.1 495 337 29 352 26 34 3.1 265 322  4.02 8.1 1.8 1.4 2 1.5 .52 07 125 0.58

FeO 0.043 0.23 0.27 0.057 0.04 0 0.06 0.1 0.11 0.1 0.14 0.07  0.026 0.19 0.09 0.43 042 0.06 0.09 0.69
CaO 0.05 0.065 0.05 0.055 0.05 0 0.12 0.05 0.08 0.11 0.1 0.05 0.15 0.065 0.05 0.065 0.08 0.05 0.07 0.05
MgO 0.05 0.05 0.05 0.05 0.05 0 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.06 0.05 0.05 0.05 0.05 0.05 0.05

MnO 0.022 0.021 0.072 0.015 0.02 0 0.02 0.01 0.02 0.01 0.062 0.02 0.023 0.019 0.02 0.027 0.022 0.02 0.016 0.02

KO 0 0.01 0.01 0.04 0.01 0 0 0 0.02 0.03 0 0.002  0.01 0.01 0.05 0.02 0 0 0.02 0.14
Na,O 0 0.02 0.02 0.03 0.03 0.05 0 0 0 0.02  0.04 0 0.01 0.04 0.07 0.05 0 0 0.04 0.07
P.0Os 0 0.06 0.01 0.09 0.05 0 0 0 0.05 0.05 0 0.08 0.5 0.29 0.05 0 0 0 0.039 0.05

PAF 299 2937 258 264 0.11 0 0 0 073 019 2443 28.9 19.67 1343 0.5 21.61 23.88 17.55 179 09

(b)
Ferruginous laterite Clay Aleuro-Argillites
NOEch. Co7 E04 HO8 Jo3 Jo4 Co1 C05 Co6 E03
ALO; (%) 29.9 54.8 31.9 27.69 24.07 32.79 28.58 29.8 38.3
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Continued
Si0; 325 1.47 1.75 38.12 4125 2.91.72 1.72 7 0.74
Fe;0; 21 10.5 43 18.6 18.9 41 485 428 37
TiO, 2.52 1.9 1.9 1.78 1.68 1.32 2.68 2.68 1.82
FeO 0.16 0.04 0.04 0.13 0.14 0.072 0.14 0.19 0.29
CaO 0.09 0.16 0.05 0.12 0.15 0.05 0.05 0.05 0.05
MgO 0.05 0.05 0.05 0.32 0.42 0.05 0.05 0.05 0.05
MnO 0.08 0.02 0.04 0.23 0.22 0.0064 0.024 0.02 0.03
KO 0 0.01 0.03 0 0 0 0 0 0
Na,0 0 0.02 0.03 0 0 0 0 0 0
P,Os 0 0.1 0.05 0 0 0 0 0 0
PAF 14.5 0.11 0.28 13.85 13.22 21.77 18.52 17.7 29.5

According to the mineralogical classification (Aleva, 1994), all bauxitic samples
(C02, C04, D04, HO1, HO03, H04, HO05, HO7, D01 and E04) from the Boundou-
Waadée plateau fall into the bauxite and ferric bauxite fields (Figure 7). The ar-
gillite samples (C07, J04 and J03) fall in the ferrite and laterite fields. Ferriplantites
(C03, D05, H09) and ferruginous laterites (C07 and H08) fall into the ferrite field.
We note that some clay samples (C07, J03, J04) fall into the kaolinite field, while
some clays (D01, D03, E02 and E04) and aleuro-argillite (C07) fall into the baux-
itic kaolinite field (Figure 7).

Fe,0, (%)

¥ Ferricrete

A Lateritic bauxites

M Ferric horizon

"+ Ferrigenous laterites
) Clays

# Gelomorphic bauxites
% Gelled bauxites

1- Bauxite

2- Kaolinitic bauxite
3- Kaolinite bauxite
4- Kaolinite

5- Kaolinite

6- Laterite

7- Bauxite

8- Ferritic bauxite
9- Ferritic kaolinite
10- Kaolinitic ferrite
11- Ferrite

12- Bauxitic ferrite
13- Ferrite

ALO, (%) Si0, (%)

Figure 7. Triangular diagram between AL:Os-Fe;03-Si0: (Aleva, 1994).

The triangular diagram of the degree of lateritization of bauxites by (Schellmann,
1986) shows that most samples (C05, C06, J01, J02, E03, H02, H06, H08, C01, D02,
E01, C02, C04, D04, HO1, HO3 and H04) from Boundou-Waadé are strongly lat-
eritized (Figure 8), while samples (C01, D02, E01, D01, D03, E03, E04) are weakly
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lateritized. A bauxitic sample (E02) lies at the boundary between strong and mod-
erate lateritization. Finally, a clay sample (J04) lies in the kaolinization band (Fig-

ure 8).

Si0,(%)

Ferricrete
Lateritic bauxites
Ferric horizon
Ferrigenous laterites
Clays

Gelomorphic bauxites
Gelled bauxites

Kaolinization

Low laterization

Jo4

Qw3
Moderate laterization Goor
High laterization &5
ﬁﬂl ol ) 'E(Jl Do
BBy Basg Yo oV ™, WY
ALO, (%) Fe,0,(%)

Figure 8. Triangular diagram between Al,O3-Fe;03-SiOz (Schellmann, 1986).

In the classification diagram of (Boulange et al., 1996), all the bauxite samples
(C02, C04, D04, HO1, HO03, H04, HO5, H07, C05, C06, J02, E03) from Boundou-
waadé fall within the bauxite and ferruginous bauxite fields. Only one bauxitic
sample (E04) lies between the two bauxite fields (Figure 9). Ferruginous laterites
(J02 and J04) lie between ferruginous and kaolinitic bauxites. The ferriplantites
(C03, D05, H09) lie between the kaolinitic interval. In short, the clays (C07, J03,
J04) and aleuro-argilites (CO7) are in the kaolinitic field (Figure 9).

Si0,(%)

Ferricrete

Lateritic bauxites
Ferric horizon
Ferrigenous laterites
Clays

Gelomorphic bauxites
Gelled bauxites

Bauxite
Hol
A

errigenous BauxitesC* " 0
o2 oe 'F : D3 H®
HOG6 Do+ A/ |
A ey OOV v "y

Co4
¥
ALO; (%) Fe,0, (%)

Figure 9. Triangular diagram between AL:Os-Fe>0s-Si02 (Boulange et al., 1996).
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In the classification diagram of (Tardy, 1997), the geochemical dismantling tra-
jectories demonstrate numerous trends followed during the bauxitization process:
kaolinite preservation, deferruginization, kaolinite destruction and dehydration
(Figure 10). Thus, the clay and aleuro-argillite samples (C07; J03; J04) follow the
kaolinite preservation trend; in addition, the ferruginous laterite samples (C05;
C06; HO8; J01; J02) lie in the ferruginous shadow zone. Finally, the bauxite sam-
ples (C01; D02; E01; C02; C04; D0O1; D03; D04; E02; E03; E04; HO1; H02; HO3;
HO04; HO5; H06; HO07) follow the trend of kaolinite destruction, which explains
why bauxites from the Boundou-Waadée deposit originate from the destruction
of kaolinite (Figure 10).

$i0, (%)

Ferricrete
Lateritic bauxites
Ferric horizon
Ferrigenous laterites
Clays

Gelomorphic bauxites
Gelled bauxites

1030
&
(@]

Kaolinite preservation

Deferrugination

Kaolinite destrugtion

Co6

ED
cos  HO6 Do COlgg Ky D03

A

Sagke ov s vBeG Ou0ve ™

Y3
ALO, (%) Fe,0, (%)

101

Figure 10. Triangular diagram between Al:Os-Fe:05-Si0: from (Tardy, 1997).

The correlation diagrams for SiO», Fe,O; and TiO, were plotted against Al,Os,
the main chemical element, to study the behavior of the elements. The correlation
diagrams for SiO,, Fe,O; and TiO; as a function of logs C, D, E, H and ] are virtu-
ally identical (Figure 11). In logs C, D and E, SiO, content remains low despite
high Al,Os content, while Fe,O; and Al,Os content increases in these logs. Sample
CO07 has a high quartz content. Overall, they show low values in logs C, D and E.
This can be explained by the fact that the content is constant in these logs, indi-
cating a negative correlation on the other hand, in these same logs, Fe,Os content
shows a positive correlation with ALOs. Whereas TiO, content shows a negative
correlation with AL O; in these logs. In log H, the SiO; and TiO, versus AL,Os plots
show that their content decreases with Al,Os, indicating a negative correlation;
while the Fe,Os vs. AL,Os; diagrams show that Fe,O; content increases with ALOs,
indicating a positive correlation. On the other hand, in log ], SiO; and Fe,O; dia-
grams as a function of ALOs show that contents decrease with AL,Os while TiO,

increases with AL, Os, indicating a positive correlation. This positive correlation
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can be explained by the fact that rutile, anatase and gibbsite contents are increas-

ing (Figure 11). Thus, in bauxitic horizons, the major element correlation dia-

grams show silica leaching and residual enrichment in aluminum and titanium.
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Figure 11. Correlation diagrams of SiO,-Fe>Os and TiO: versus AL:Os.

5. Discussion

Aluminum consists mainly of the minerals gibbsite, boehmite and diaspore.

Gibbsite AI(OH); is the most abundant and easily observed mineral in bauxite

(Lapparent, 1930). Laterites have preserved the textures, structures and volumes

of the original source rocks (Nahon, 2003). All these minerals are economically

profitable. Gibbsitic bauxites (Sidibe and Yalcin, 2019) are mainly found in trop-

ical regions characterized by a hot and humid climate (Njoya et al., 2017). Dia-

spore has been found as a minor component in several types of bauxite in which

it is accompanied by gibbsite and boehmite (dos Santos et al., 2016). The alum-

ogoethite found in many bauxite deposits is a product of the substitution of AI**
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by Fe’* in the goethite and in the soil (Liu et al., 2012).

Geochemical deposition trajectories for (Beauvais, 1991) and (Tardy, 1997) of
lateritic bauxites from the Boundou-Waadé bauxites suggest that bauxite is the
product of kaolinite destruction. Therefore, the indirect bauxitization or decilici-
fication of kaolinite (Boulange et al., 1990) in a hot, humid tropical climate (Na-
hon, 2003) is the main alteration mechanism for the gibbsite formation of bauxites
from the Boundou-Waadé plateau. The degree of laterization of (Schellmann,
1986) shows the degree of bauxitization. Bauxitic samples are highly lateritized
(Sidibe and Yalcin, 2019; Zamanian et al., 2016); while the clayey ones are weakly
lateritized (Zarasvandi et al., 2012) see kaolinized (this work).

In the diagram (Aleva, 1994) bauxitic samples are generally in the bauxite, ka-
olinitic bauxite and ferric bauxite fields (Zamanian et al., 2016); ferric samples in
the bauxitic ferrite, ferrite and kaolinitic ferrite fields (Sidibe and Yalcin, 2019);
clay samples in the kaolinite, bauxitic kaolinite and ferric kaolinite fields (Za-
manian et al., 2016); laterite clay bauxites in the laterite field.

Correlation analysis showed a positive correlation between ALLO; and TiO,,
Fe,0; and ALLOs and a negative correlation between SiO, and ALOs; in bauxite.
This is explained by the leaching of Si, the migration and accumulation of iron to
form ferrites and residual enrichment of aluminium and titanium during the
weathering process (Figure 11) (Zamanian et al., 2016). The high titanium oxide
values are probably linked to the abundance of minor Ti minerals (rutile, anatase)
in bauxites. While high iron values in bauxite samples are linked to the presence
of iron-bearing minerals such as hematite, goethite and alumogoethite, formed
under suitable Eh-PH conditions during the weathering process (Gu et al., 2013).

6. Conclusion

The aim of this study, which focuses on the petrographic, mineralogical, geochem-
ical and statistical characterization of the Boundou-Waadée bauxite deposit, was
to investigate the different types of bauxite and their source rocks.

Petrographically, the Boundou-Waadée deposit is essentially composed of lat-
eritic bauxites derived from Devonian aleuro-argillite, argillite and aleurolite, as
well as Mesozoic dolerites; and chemogenic bauxites resulting from the chemical
redistribution of elements at the base of lateritic bauxites.

Mineralogically, we note the presence of gibbsite, goethite and alumogoethite.
Diaspore and boehmite are absent from the bauxite horizon; kaolinite, quartz and
hydromica are found in the clay horizon. Minor minerals include anatase, rutile
and chlorite.

From a geochemical point of view, the different types of triangular diagrams of
the major elements show that the BW bauxite deposit follows the destructive trend
of kaolinite during the bauxitization process, and that bauxites, ferruginous later-
ites and ferriplantites are strongly lateritized, whereas clays and aleuro-argilites
are weakly lateritized.

These materials are characterized by high ALLO; contents, the Fe,O; content is
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highest in the ferrite samples (73.5%) and in sample J04 the SiO, content is quite
high (41.25%). Whereas, the amount of TiO, varies, hence the presence of anatase.
The gibbsite is the majority mineral (68.4%) in the materials studied. Accessory
minerals include kaolinite, anatase and diaspore. Based on their chemical and
mineralogical composition, these materials can be used for aluminum production.
Statistical analysis was used to determine trends in bauxite composition in the
study area. With the application of these methods, we can conclude that local
changes in chemical composition and its variability could be determined more
precisely. However, for the valorization of large quantities of minerals (titanium,
kaolinite, clay...) in eco-construction and ceramics will be the subject of future
studies with a view to finding a lasting solution to the housing and employment
crisis currently raging in Boké. The study concludes that CBG’s future production
will be residual bauxite, 75% of the bauxite reserves in the Boundou-Waadé de-
posit. This residual type is derived from the alteration of Mesozoic argillites, al-

euro-argillites and dolerites.
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