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1. Introduction

Chromite is a common mineral in ultramafic rocks especially in layered intru-

sions and in ophiolites. It also occurs as an accessory mineral in detrital rocks [1]
[2] [3] [4]. Chromite, chemical formula (Fe, Mg, Al) Cr,0, is the most important
source of chromium. This chemical element is one of the most important metals
for human beings due to its use in industrial sectors (e.g. metallurgy, steel, aero-
space, and telecommunication). It is also used for manufacturing of refractory

materials and chemicals (such as paints, inks, plastics and medical prostheses).
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Evaluation of the economic potentials of chromite ores is based on a number of
parameters, such as deposit characteristics, mineralogy and chromium content.

In West Africa, known occurrences of chromium are highlighted in the
Pan-African Dahomeyides belt. This later resulted from the collision between
the West African craton, the Congo craton and the East Saharan block at the end
of a subduction process about 600 Ma ago. It was formed from West to East of
an external zone, a suture zone and an internal zone; its foreland is the Volta Ba-
sin [1] [2] [3] [4] [5] (Figure 1). In the western part of the Dahomeyides belt,
geological mapping work has revealed chromite index in the external zone in
Benin and in the suture zone (Agou massif) in Togo.

However, chromite deposits in the Pan-African Dahomeyides Belt of the West
Africa have been poorly documented. In Benin, the chromium occurrences are
reported in the Matéri region during the oldest geological mapping. These oc-
currences have not been the subject of extensive mining work or sustained scien-
tific attention so that the geological context of the mineralization, mineralogy,

geochemistry and chromite metallogenesis are not yet known.
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Figure 1. Simplified geological map showing main components of Dahomeyides belt [6].
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The purpose of this paper is to present the work carried out as part of the im-
provement of the knowledge on the chromiferous metallogenesis and potential
in the Pan-African Dahomeyides belt. Specifically, this study focuses on the
geological and geochemical characteristics of the chromite in the external zone
of the Dahomeyides Belt. The study area is located in the north-west of the Re-
public of Benin and lies between longitudes 1°00" and 1°15' East and latitude
10°35' and 10°50' North (Figure 1).

2. Geological Setting

The geological environment of the mineralized Matéri town is that of the exter-
nal zone of the Pan African Dahomeyides belt. This external zone thrust to east,
the sediments of the Volta Basin, which represents the foreland of the belt. The
zone is subdivided into two structural units which are the Atacora structural unit
and the Buem structural unit [5]. Chromiferous mineralization is found in the
Buem structural unit and in the contact zone between Buem and the Volta Basin

(Figure 2).
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Figure 2. Localization map of the study area showing chromium index [14].
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The sedimentary sequence of the basin is split into three super groups [5] [6]).
The first two super groups yield Meso to Neoproterozoic age (1.1 to 0.6 Ga) and
their eastern parts are involved in Pan-African orogeny. Super group I consists
essentially of two sandstone groups interposed with an argillite sequence. Super
group II is composed of tillite, dolomitic barite limestone and silexites at the
base, and on the top alternation of argillites and siltstones locally phosphorite
intercalations. Paleozoic super group III (0.5 to 0.3 Ga) is a molasse of the
Pan-African Dahomeyides belt but does not occur in the study area.

The Buem structural unit consists mainly of low-grade metamorphism meta-
sediments (metapellites and meta-arenites) in which meta-magmatites (serpen-
tinites, basalts, andesite dolerites and rhyolites) are interbedded [6] [7]) (Figure
2). The metasediments of Buem are interpreted as tectonic and metamorphic
lateral equivalents of the Proterozoic sediments of the Volta Basin involved in
the Upper Neoproterozoic pan-African orogeny [6].

The previous geochemical data available on the chromiferous ores in the study
area, concern only four (4) chromite ores samples (3 samples from Kantcheko-
houn and 1 from Sapoua sector) analysed by [8]. The Cr,0, content of these ores

range from 33% - 35% in Kantchékohoun and 33% in Sapoua.

3. Material and Methods

The methodological approach adopted were entailed on the methods applied in
the field and those implemented in the laboratory.

In the field, surface and subsurface geological prospecting work were carried
out. The sectors of Wantéou, Sapoua and Kantchékohoun were investigated for
studying the ores geological context. Cuttings of achieved shafts and trenches
were examined. Chromite ore samples collected were studied in hand specimens
and microscopic. Twenty (20) thin sections of chromite ore and its host rocks
were made at the Department of Geology, University of Lomé, Togo. These thin
sections were examined under a polarizing microscope in transmitted light at
the Department of Earth Sciences, University of Abomey-Calavi, Bénin.

Chromite samples were also chemically analyzed at the Beninese Office for
Geological and Mining Research using the Niton XL3t portable X-ray fluores-
cence spectrometer. The apparatus has the form of a drill or pistol and is com-
posed of an electronic unit containing an electric X-ray generator. The measur-
ing technique is fast, non-destructive, quantitative and has advantage to be mul-
ti-elementary. The X-ray source is a tube. The principle consist to bombard the
rock with a beam of 7 mm of X-rays diameter in contact with the sample; the
rock re-emits X-ray fluorescence radiation. The X-ray spectrum radiated by the
rock is detected by the spectrometer and characterizes the sample composition.
The apparatus holds a screen which makes it possible to read the elemental
composition of the rock (Z.e. the metallic elements contents).

This extending Cu-Zn spectrometer analyzes elements such as copper (Cu),
cobalt (Co), molybdenum (Mo), niobium (Nb), zirconium (Zr), strontium (Sr),

rubidium (Rb), lead (Pb), iron (Fe), antimony (Sb), manganese (Mn), titanium
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(Ti), zinc (Zn), bismuth (Bi), chromium (Cr), silver (Ag), palladium (Pd), cad-
mium (Cd), wolfram (W), nickel (Ni) and vanadium (V). The contents of these
elements are expressed in percentage.

A total of thirty-five (35) fresh representative samples were analyzed: ten (10)
in the Sapoua and Wantéou areas, respectively, and fifteen (15) in the
Kantchékohoun sector. On each chromiferous sample, we made ten measures.
By sample, the geochemical analysis was performed on four sides and the aver-
age contents of the metallic elements for the sample are calculated by the arith-
metic average method. Their average is for each element the average content of
the element in the sector (Table 1).

Afterwards, a qualitative study of the ore was carried out for assessing the
quality of the Matéri chromiferous mineralization. To achieve this, the data from
the chemical analysis results have been used to calculate the percentage of Cr,0O,
and FeO. The method used is that proposed by [9]. The element content (El) is
equal to the oxide content (Ox), multiplied by the conversion factor (a OX): El =
a OX* Ox = Ox = El/a OX.

The conversion factors of some oxides:
¢ aCr,0,=0.68
¢ aFeO=10.78

Therefore, Cr,0; = Cr/aCr,0,; FeO = Fe/aFeO

4. Results
4.1. Geology and Petrography of Chromites

4.1.1. Chromium-Bearing Rocks

The geological formations bearing the mineralized chromium sector include
serpentinites, silexites and feldspathic sandstones.

— Serpentinites

The serpentinites occupy a stratigraphic position between sandstones and

Table 1. Synthesis of the average chemical compositions of the chromites of each sector.

Content (%) Wantéou Sapoua Kantchékohoun

As - - -

Pb . . -

Zn 0.03 0.046 0.055

Ni 0.247 0.24 0.142

Fe 9.979 10.81 11.924
Mn 0.203 0.194 0.157

Cr 18.329 26.468 23.933

\' 0.002 0.027 0.022

Ti 0.017 0.026 0.002

Co 0.002 - 0.002

Zr - - 0.002
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silexites (Figure 3, Figure 4) and have a light green to dark green color. They are
dense, massive and sometimes schistose (Figure 5), and present a NNE-SSW to
NE-SW trending schistosity planes with a moderate dip (40° - 45°) toward the
south and southeast. The thin section study of serpentinites shows a fibrous mi-

cro-cryptocrystalline mesh structure, sometimes porphyritic.
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Figure 3. Chromite sitemap of Sapoua.
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Figure 4. Cross-section of chromite sector in the Sapoua area.
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Figure 5. Field photography showing schistose serpentinite in the Wantéou sector.

Under polarizing microscope, it is impossible to exactly determine the fibrous
minerals type. Note that the serpentinization process has altered the primary
rock. The mesh structure indicates an alteration of an olivine-rich rock, probably
a peridotite.

—  Silexites

They are reddish brown and reddish, sometimes greyish with a polygonal cut
(centimetric to decimetric). They show a massive texture sometimes stratified
with an alternation (millimetric) of quartz and hematite crystals beds. Silexite is
intersected by numerous white quartz veinlets varying from millimeter to centi-
meter thickness.

In thin section, the silexites show a microcrystalline equigranular structure,
occasionally a botryoidal structure. Their mineralogy is very simple since the
rock is always composed of microcrystalline quartz grains (almost 80%) between
which microscopic iron oxide particles have been scattered.

— Sandstone

The sandstones have a gray-white, yellow-brown and locally light greenish
color. They often present a massive structure. They separate in irregular planes
forming polygonal blocks from decimetre to metric. The lithologies are almost
always intersected by numerous veinlets, composed of quartz mosaics. Sand-
stone has a granular texture and formed of quartz grains (60%) and feldspars
(30%) in a clay matrix in which flakes of white mica are crystallized. Quartz and

feldspars are sub-rounded suggesting a distal origin.

4.1.2. Chromites

The chromite mineralized bodies extend from southwest of Matéri to Bontomo
northwest of Wanteou, more than 65 km long. Geological surveys were carried
out in the Sapoua, Wantéou and Kantchkohoun sectors. In the former, chromi-
ferous mineralization occurs in the form of a lens trending NNE-SSW (Figure
3), about sixty meters long and about twenty meters wide and intersected by
WNW-ESE trending fractures (Figure 6). At Wantéou and Kantchekohoun, the

ore body is intensely fractured and fragmented into centimetric to metric blocks.

DOI: 10.4236/ijg.2019.1012061

1074 International Journal of Geosciences


https://doi.org/10.4236/ijg.2019.1012061

L. Adissin Glodji et al.

Figure 6. Field photography showing mineralized chromite body in the Sapoua sector.

These blocks are tiered on the hillsides on the one hand, and dispersed in the al-
terites at the top of some silexites hillsides on the other hand (Figure 7).

A black-coal and very dense chromite is commonly observed in the study
area. In thin section, chromium minerals occur in phenocrystals of varied size or
in opaque grains (Figure 8). These grains are often xenomorphic and cracked
whilst larger crystals show entanglements of serpentine veinlets (Figure 9). The
borders of the chromite grains are more opaque than the heart; this could indi-

cate a change in the iron content of the heart towards the grain border.

4.2. Geochemical Analysis of Chromite Ores

In Table 1 are synthetized the average contents of some chemical elements in
the mineralized chromite of each sector. Table 2 represents the conversion of
the measured contents (percentage of oxide) with the portable R-X fluorescence
spectrometer.

From reading Table 1, the chromium content of chromite ores varies from
18% to 26.50%. The lowest chromium content is obtained in the Wantéou sector
(18.33%) and the highest in the Sapoua sector (26.47%). The Kantchekohoun
deposit shows intermediate grades (23.93%). The nickel content in chromite ores
is not negligible compared to its abundance in the earth's crust, which is 80 to 90
ppm.

Calculation of the main oxides content of the chromite ore (Table 2) reveal
that the Cr,O, contents vary from 26.96% to 38.94%; and the Cr/Fe ratio is from
1.84 to 2.45.

5. Discussion

The work carried out make it possible to specify the chromite mode of deposi-

tion, their chemical composition and to propose their genesis.
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Figure 8. Microphotography showing chromite in the serpen-
tinite. (LP); Cr: chromite. Se: serpentine.

Figure 9. Microphotography showing chromite in the serpen-
tinite. (LP); Cr: chromite. Se: serpentine.

Table 2. Calculated oxides content of chromite in the studied areas.

Content Wantéou Sapoua Kantchékohoun
Cr,0, (%) 26.96 38.94 35.19
FeO (%) 12.79 13.86 15.28
Cr (%) 18.33 26.47 23.93
Fe (%) 9.98 10.81 11.92
Cr/Fe 1.84 2.45 2
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Regarding the deposit mode, field observations reveal that the deposit occurs
in serpentinites and metasilexites in the elongated lenses form NNE-SSW trend-
ing. This deposit trend is parallel to the schistosities of host rocks and the depo-
sit is dislocated and deformed. Brittle deformation of chromite led in some plac-
es to brecciation or disintegration into blocks. Thus, the chromite deposit of the
external zone of the Dahomeyides belt exhibits the characteristics of podiform
deposits according to the classification of chromite occurrences [10]. There are
also chromites stratiform-type in the world, but these deposits are characterized
by a tabular form and are often associated with basic and ultrabasic massifs [10].
The podiform chromites are associated with ophiolitic complexes or peridotitic
massifs and exposed a lenticular to irregular shape, often extended and ranged
along the tectonites structure [10]. Often, they are more abundant in the tecto-
nized part at the ophiolitic sequence base, in the mantle peridotites, but also
present in the dunitic cumulates of the basal sequence [10]. Such podiform
chromite deposits are known in the Nuggihalli Schist Belt (Dharwar Craton),
Southern India [11] [12] in Rutland Island ophiolites, part of the Bur-
ma-Andaman-Java subduction complex within Bengal Bay [4].

From the chemical composition, the studied ores are chromium-rich. Cr,O,
content of chromites ranges from 27% to 39%. These data confirm that podiform
chromites are chromium-rich and have good metallurgical quality [13] [14].
Chemical composition average comparison between the External zone of the Da-
homeyides belt chromiferous mineralisation and major mined/commercialized
chromite ores within the world are similar (Table 3) [15]. Thus it can be de-
duced that the chromite of the external zone of the Dahomeyides belt are quali-
tatively good and can be used in metallurgical processes to produce stainless
steel.

Table 3. Typical composition of chromite ores from major producers countries through

world?®.
Composition chemical
Countries®
Cr,0; (%) FeO (%) Cr/Fe
South Africa 44.4 19.8 1.96
Kazakhstan 54-91 1241 3.9
India 51.5 12.5 3.6
Zimbabwe 49.2 18.27 2.4
Turkey 34-42 14 2.8
Madagascar 42 13-16 2.5
Finland 35.5 18.3 1.76
Iran 40-52 2.8-3.5
Ruaaija 39 18.8 1.8
Brazil 41.0 2.7
Bénin® 33.7 13.98 2.1

“Papp (2010), “this study.
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Geologically, this study attempted to propose for the first time that chromi-
ferous ores of the Dahomeyides belt are generated by fractional crystallization of
an ultramafic magma following distension and compression phases. Indeed, the
study area is a transition zone that experienced two major tectonic phases during
the Neoproterozic orogeny: distension phase and compression phase. During the
former, the lithospheric layer was weakened, i.e. strongly thinned, which allowed
mantle ultramafic magma to rise as evidenced by the presence of metabasites in
the Tiélé zone which proceed from tholeiitic magma [5] [8]. During compres-
sion, the previously ultrabasic rocks were remobilized along large overlapping
planes. Such phenomenon could explain the serpentinization of the ultramafic
rocks of the external zone, Dahomeyides belt. These serpentinites are frequently
located along large nappes or overlapping planes where they act as a soap layer.
The serpentinites of the Buem unit are massive to schistose and locally chromi-
ferous. The serpentinites being the protore of the chromiferous mineralization,
during the rise of the magma, the crystals would have accumulated by density
difference leading to a change of the residual magma composition, hence the
chromite-rich layer formation.

In the study area, chromium bearing silexites are also observed without being
associated with ultramafic rock. Silexite is part of the Eocambrian glaciogenic
triad deposited during proto-oceanization [5]. Thus the depositing of silexite is
anterior to the major distension phase and anterior to the original magma rise.
The presence of chromite lenses in the silexites would explain by the thrusting
occurred during compression phase where the chromites are embedded in silex-
ites.

From all these observations, we infer that the genesis of the chromites within
the external zone results from the magmatic cumulates formation by fractional
crystallization of an ultramafic magma. In the extension context, ultramafic
magmas intruded the continental crust. The chromite is raised to the surface
through tangential tectonics in the external zone of the Dahomeyides belt. This
chromite genetic model was also proposed by Beaudoin [10] for explaining the

formation of large chromite deposits.

6. Conclusions

The study area contains several outcropping and sub-outcropping occurrences
of chromites having a good quality. The study carried out is aimed at characte-
rizing the chromiferous mineralization and its host rocks in the Matéri area.

The chromiferous mineralization is essentially hosted in serpentinites and as-
sociated with these ultramafic rocks in the study area. This mineralization would
be related to the extension context that takes place before the Pan-African oro-
geny. The chemical and mineralogical study of the chromites from various sec-
tors showed that the ore contains almost 38% of Cr,0,. These chromites can be
high-quality on the metal market for the refractory industry.

Subsurface work and magnetometer surveys are recommended as follows: this

result in order to investigate the development of ore bodies in deep, assesses the
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rooting of mineralization in the various areas, and assesses the chromium poten-

tial of the external zone of the Dahomeyides belt in Bénin.
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