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ABSTRACT
Gold in Benin occurs as primary and alluvial forms in various deposits and occurrences. The
mineralisation has a regional distribution covering, in particular, the Atacora area (Natitingou)
and the regions of Bembèrèkè, Djougou and Dunkassa which are between the 9th and 11th
parallel north. The data collected during previous work allow us to recognise the main style
of primary gold as being quartz-vein hosted. This style occurs principally in quartzite, mica
schist, schist and amphibolite lithologies, outcropping in the criss-crossing of the faults and
the rugged relief. The mineralised veins are milky, deformed and gold is associated with
sulphides and tourmaline. In these veins, gold exhibits three forms: free native metal,
tellurides, and combined or included in sulphides. These gold-bearing quartz veins would
proceed from hydrothermal solutions related to granitic mass. Classical characteristics
available about the primary gold mineralisation in Bénin are inadequate to better clarify its
geodynamic context. However, it has some similarities with deposits of the Precambrian
terranes in adjacent countries (Pourra deposit in Burkina Faso and Kalana deposit in Mali)
which are characterised by epigenetic gold deposits in Precambrian metamorphic terranes.
Also, the vein gold of Bénin are mostly located in Precambrian metamorphosed sedimentary
and volcanic formations ; these could also have the epigenetic disseminated gold style like in
some West African deposits (Ashanti deposit).
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Introduction

The Bénin Republic, bound by coordinates 6°15′N–12°
30′N and 1°00′E–3°40′E, is a West African country
located in the inter-tropical zone, with a total land
area of 112.622 km2. It is a strip of land, bordered by
Niger, Burkina Faso, Togo, Nigeria and the Atlantic
Ocean (Figure 1); with fairly rugged relief and an aver-
age altitude of 200 m.

The Beninese territory is part of the Pan-African
Dahomeyides Belt; the southern section of the Pan-
African Belt of West Africa (Affaton 1990; Castaing
et al. 1993; Trompette 1994; Attoh et al. 1997; Peuca
et al. 2005). The Belt extends from the Hoggar moun-
tains, through the Gulf of Benin, and continues east-
wards into Central Africa and farther south into
Northeast Brazil where it is called the Brasiliano Belt
(Caby 1989; Caby et al. 1991; Castaing et al. 1993;
Trompette 1994; Monie et al. 1997). The suite of
rocks in the Dahomeyides Belt has been affected by
high pressure and high temperature metamorphism
and is of Neoproterozoic age (Affaton, 1990; Castaing
et al. 1993; Attoh 1998; Ferré et al. 2002).

The Pan-African Belt of West Africa has long been
known for its gold endowment and gold production,
with informal artisanal mining having taken place for

centuries (Robertson and Peters 2016). In Benin, gold
occurs both as primary mineralisation and secondary
mineralisation (alluvial deposits; Chermette 1938,
1939; Chermette and Olori-Togbé 1966; Kriatov et al.
1980, 1995; Kirov and Boboé 1983; Yessoufou 1991).
However, little is known on the economic potential
and host rocks for gold mineralisation.

Intense artisanal mining was done in the Benin
Republic from 1939 to 1954, during which about one
tonne of gold was extracted from the Perma placer in
the Atacora Region (Chermette and Olori-Togbé
1966; Kirov and Boboé 1983; Kirov et al. 1983). Since
then, the Atacora Formation bearing the mineralis-
ation has been the subject of systematic research that
led to the discovery of lode gold mineralisation. Gold
placers were also identified in the tributaries of the
Perma River and in the valleys of the Sina-Issiré and
Sarga rivers. Mand’huy (1962); Kirov et al. (1980,
1995) and DGM and OBRGM (2007) identified an
area north of Kaoundé between the basement and the
Atacora Unit, as promising gold mineralisation zones
which require more study. Apart from these areas,
gold mineralisation is recognised in other parts of
Bénin, particularly in the territory of the Bembérékè,
Dunkassa and Djougou geological sheets.
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However, since the discovery of this resource at
different parts of Benin Republic, no thorough studies
have been made on the nature of the mineralisation.
Most of the available data on gold mineralisation is
limited to unpublished internal company reports and
a few conference abstracts. The alteration patterns in
the gold-bearing rocks, the genesis of the gold-bearing
fluid and structural control on mineralisation are not
well known. These are important in understanding
the mineralisation style of gold, and useful in designing
exploration programmes.

This paper is aimed at reviewing the current state of
knowledge on gold mineralisation in the Benin Repub-
lic. The gold deposit types and localities are high-
lighted, and estimated reserves are presented. A
forecast of the extent of mineralisation is made on

the basis of the knowledge of gold metallogenesis in
the Precambrian.

Geological setting

Regional geology

The Pan-African Dahomeyides Belt corresponds to the
southwestern segment of the larger Brasiliano/Trans-
Saharan belt (Trompette 1994). It is set up toward
the West of the Volta Basin, and even directly on the
West-African Craton at Ghana (Accra sector)
(Figure 1). The Belt resulted from the continental col-
lision between the Benino-Nigerian shield and the
southeast margin of the West-African Craton during
the Neoproterozoic (Caby 1989; Affaton 1990;

Figure 1. Geological map of the Volta Basin and the Pan-African Dahomeyides Belt (modified, Chala et al. 2015).
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Affaton et al. 1991). It is composed from East to West
of internal nappes, suture zone and external nappes.

The external nappes thrust over the West African
craton are derived from tectonic and metamorphic pas-
sive margin sedimentary deposits (Middle to Late Pro-
terozoic). This area displays middle-to high-pressure
metamorphism, such as the Kante and Atacora nappes.
The most external nappes form the Buem and Atacora
structural units that are made up of anchizonal shale
and sandstone, jasper, phyllite and varied quartzite
with greenschist-facies assemblages. The suture zone
(intermediate nappes) consists of basic and ultrabasic
massifs, metasedimentary rocks and orthogneiss tecto-
nically overlying the western external nappes and
underlying the eastern internal nappes (Caby 1989;
Affaton 1990; Affaton et al. 1991; Castaing et al.
1993; Tairou et al. 2012). The internal nappes consti-
tuting the Benino-Nigerian shield are made up of
high-grade commonly anatectic gneiss including
orthogneiss and granulite, which are derived from
Archaean plutonic rocks (such as granite and char-
nockite), thoroughly deformed, recrystallised and
remobilised during the Neoproterozoic thermo-tec-
tonic events (Caby 1989; Castaing et al. 1993). The
internal nappe rocks are intruded by thrust-related
and syn- to late transcurrent shear zone-related gran-
ites (Neves et al. 2000; Caby 2003; Attoh et al. 2013;
Dawai et al. 2013; Adissin Glodji et al. 2014). Important
transcontinental shear zones occur along the Pan-Afri-
can/Brasiliano Belt among which the Kandi Shear Zone
in Dahomeyides and the Trans-Brasiliano lineament in
Northeast Brazil show a good correlation between
Northeast Brazil and West Africa (Nigeria-Benin-
Togo-Ghana) (Caby 1989; Trompette 1994; Neves
2003; Arthaud et al. 2008; Dos Santos et al. 2008).

Geological overview of Benin Republic

Belonging to the Dahomeyides Orogenic Belt, the
Bénin Republic is underlain by crystalline basement
and sedimentary units. The crystalline basement,
which constitutes about 83% of Beninese territory,
lies unconformably on three sedimentary basins: the
Coastal Sedimentary Basin to the South, the Kandi
Basin to the Northeast and the Volta Basin that rep-
resents the foreland of the Belt to the Northwest
(Pougnet 1957; Affaton et al. 1978; Bessoles and
Trompette 1980) (Figure 2). The crystalline basement
encompasses the Buem (shale, sandstone and volcanic
rocks) and Atacora (sandstone, quartzite, conglomer-
ate, mica schist, schist, phyllite and amphibolite) struc-
tural unit, the suture zone (basic and ultrabasic rocks,
granulite/eclogitic assemblages) and Beninese plain
structural unit (various gneisses, migmatite and granu-
lite; Boussari 1975; IRB 1989; Affaton et al. 1991; Adis-
sin Glodji 2012; Chala et al. 2015).

The Atacora quartzite is an orthogneiss suite con-
sidered as Eburnean equivalents (2000 ± 200 Ma) that
was extensively rejuvenated during the Pan-African
thermo-tectonics, at c. 610 Ma (Caen-Vachette et al.
1979; Affaton et al. 2000; Agbossoumonde et al. 2007;
Kalsbeek et al. 2012). The suture zone assembles rocks
highlight the Pan-African subduction-collision process
between 640 and 610 Ma (Affaton et al. 1991; Attoh
1998; Agbossoumonde et al. 2004; Duclaux et al. 2006;
Attoh et al. 2007). The Beninese plain structural unit
(so-called internal structural unit) rocks are remobilised
and rejuvenated to Pan-African late-tectonic by syeno-
monzonite granite. It is also overlain by volcanic and
sedimentary formations restricted to a narrow tectonic
basin, such as Pako, Barou, Daho-Mahou, Lanta basins
made up mafic to silicic volcanic and subvolcanic rocks
(rhyolites, basalt, dolerite, andesite and trachyte) and
intrusive rocks (granite and gabbro) associated with
sediments (Boussari 1975; IRB 1989; Affaton 1990;
Adissin Glodji 2012; Adissin Glodji et al. 2014).

The polyphase deformation (Dn-Dn + 4) identified
in the Pan-African Dahomeyides Belt has been recog-
nised on outcrops in Benin in granitic rocks. These
deformations are characterised by foliations, lineation,
folds, dextral and sinistral shear planes, faults and
faults system (Affaton et al. 1991; Tairou et al. 2007;
Chala et al. 2015). The Atacora Unit is composed of
an antiform, and the Buem structural unit comprises
synformal folds on the scale of kilometres. In the
Internal nappes, folds and the metamorphism decrease
from east to west (Affaton 1990; Affaton et al. 1991;
Chala et al. 2015). The Kandi Shear Zone activity
started around 610 Ma and affected the basement
rocks, including Palaeoproterozoic granulite and Neo-
proterozoic gneiss, migmatite and granitic rocks (Adis-
sin Glodji 2012). The metamorphic rocks from the
Kandi Shear Zone display a steep to vertical N–S trend-
ing foliation, a sub-horizontal mineral lineation
together with kinematic indicators of a dextral trans-
current mega-shear zone. Granitic rocks in the internal
zone derive from both high-K calc-alkaline and alka-
line magma (Adissin Glodji et al. 2012; Adissin Glodji
et al. 2014). Also, a synkinematic fabric is observed in
most granitic intrusions.

The Volta Basin is split into three groups: two
groups (I and II) of Meso- to Neoproterozoic ages
(1100–600 Ma), whereas the third group is of the
Palaeozoic age (500–300 Ma; Affaton 1990; Affaton
et al. 1991). The first group is made up of two sandy
sequences interstratified with an argillic to silty
sequence, whereas the second group consists of tillite,
dolomitic limestone associated with argillite, siltstone
and phosphorite. The latter group (III) corresponds
to the Pan-African Dahomeyides Belt molasse with
argillite, siltstone, sandstone and conglomerate. The
Kandi basin is composed of (1) Palaeozoic Wèrè (con-
tinental) and Kandi (marine) Formations; (2) Mesozoic
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Sendé (continental) Formation and (3) Continental
terminal and Quaternary formations of Cenozoic age
(Institut de Recherches Breda IRB 1982).

The coastal sedimentary basin is part of the Bénin
bay, a large basin that stretches from the Keta basin
(Ghana) to Southwest Nigeria where it is bordered by
the Niger Delta Basin. This coastal basin is character-
ised by eight litho-stratigraphic units which have Tur-
onian-Coniacian to early Holocene ages (IRB 1989).

The Bénin Republic hosts numerous mineral
resources located in various metallogenic regions.
The major mineral deposits which have been or are
currently being mined include limestone, gold, marble,
iron, gravel, ornamental stones, kaolin and columbo-
tantalite (COLTAN). The minor resources are chro-
mium, lead, nickel, manganese, spodumene, tourma-
line, beryllium and monazite (OBRGM 2000; DGM
and OBRGM 2007). Gold mineralisation is hosted in

quartz veins within quartzite, schist, mica schist and
amphibolite and also in alluvial deposits (Kirov et al.
1976, 1981; Kriatov et al. 1980, 1995; DGM and
OBRGM 2007). However, the lode gold has received
the most attention in terms of exploration.

Type of gold mineralisation in Bénin

Gold mineralisation occurs as primary and secondary
(alluvial) in various host rocks. The mineralisation
can also be classified using the tonnage of the deposits
and occurrences (Figure 3).

Primary gold mineralisation (quartz-vein gold
deposits)

Primary gold mineralisation studied currently in Bénin
is found mostly in auriferous quartz veins hosted in

Figure 2. Geological map of Benin (modified after OBRGM and DGM, 2007).
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different lithologies and geologic settings. These auri-
ferous quartz veins and their host lithologies are high-
lighted below including the Perma and Kouandé
deposits (OBRGM and DGM 2007) and a number of
smaller occurrences (Yarra, Pessoulou, Nia-Nianou,
Nibiori, Ana, Sarédarou, Lougou and Alibori).

Perma area: The auriferous quartz vein of Perma is
located in the Atacora Unit and are the most impor-
tant deposit and consists of 36 auriferous quartz
veins. Of these veins, the most valuable in terms of
grade are the Patrick and Kamara veins. Estimated
reserves on 26 major veins amounted to 900 kg of
gold and a grade from 5 to 300 g per tonne with an
average grade of 9 g t−1 (De Vaucorbeil 1965; Kirov
et al. 1976, 1981; Kriatov et al. 1980, 1995; Yessoufou
1991). The Perma area consists of quartzite, micac-
eous quartzite, mica schist, schist and amphibolite
(Lehingue and Roignot 1964; Kriatov et al. 1980;
Yessoufou 1991).

Kouandé area: Quartz vein deposit of Kouandé
located in the Northeast of Perma, occurs along the

structural contact between the basement and the Ata-
cora quartzite rocks. It consists of auriferous quartz
veins of Nimbéré, Daro, Kouba and Tansé sectors
(De Vaucorbeil 1965; Kriatov et al. 1980, 1995). The
gold grade is from 0.20–2.40 g t−1, but in some places
like Nimbéré village, it grades up to 64 g t−1. The
quartz-bearing veins are hosted in white mica-chlorite
schist and in quartzite and white mica-quartz schist of
Atacora (De Vaucorbeil 1965; Mackallor and Stager
1967; Kriatov et al. 1980). This deposit covers a
600 km2 area and gold is associated with lead, silver
and copper mineralisation.

The gold mineralisation of Yarra is located about
20 km north of Sinendé in the Alibori NNE-SSW
mylonitic zone (Rezende et al. 2011). It is an area
mainly composed of diorite and granodiorite outcrops
intruded into gneiss containing biotite, amphibole and
minor garnet. The mineralisation is related to quartz
veins associated with a tectonic zone striking 110°.
Gold is hosted both in the vein and eluvial deposits.
The mineralised veins have an average thickness of
0.65 m and their erosion with drainage of the area by
runoff has generated placer deposits. The mineralised
zone is oriented NNE and extends for 5 km with a
width from 40 to 300 m. The gold content in the
veins grades between 3 and 5 g t−1; that of the alluvial
deposits is 0.8–3 g t−1 (Kriatov et al. 1980, 1995).

The mineralisation of Pessoulou is located west of
Sinendé in the contact zone between the Eburnean
granite and white mica-chlorite schist. The contact is
complex with a series of faults that are oriented north-
east that controls the porphyry granite dykes and
quartz veins. Generally, quartz veinlets and gneiss con-
tain low gold and silver grade (Kriatov et al. 1980,
1995). However, quartz veins related to the contact
zone of granites has 3.1 g t−1.

The mineralisation at Nia-Nianou is hosted in a sec-
tor composed of gneiss with intercalations of amphi-
bolite lenses. These rocks are intersected by granite
dykes and three auriferous quartz veins. The lodes
are more mineralised than gneiss, amphibolite and
granite rocks. Gold mineralisation is associated with
galena and kyanite (Kriatov et al. 1980, 1995). The
presence of gold grains in the Mari River tributary
draining the mineralised zones has prompted mining
interest in the area. Moreover, the concentration of
reddish sand in the alluvial deposits of the upstream
part of the Mari River is suggestive of the possible
occurrence of garnet gems in the locality (Rezende
et al. 2011).

The gold mineralisation of Nibiori was discovered in
the lower part of Nibiori River, north of Pessoulou. It is
related to numerous quartz veinlets in a zone made up
of granite and gneiss. The gold grade is low with
0.3 g t−1; and associated with silver and copper.

The Ana, Néana and Kpoua river basins comprise
the gold mineralisation sector at Ana, south of Ségbana.

Figure 3. Map of gold location in Benin Republic (based on
previous prospecting works and Benin’s geological and Mineral
Commodity map covering the Natitingou, Bembèrèke, Dun-
kassa and Djougou sheets [Sheets NC-31-XIV, NC-31-XV, NC-
31-XVI, NC-31-VIII]).
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It is an area mainly composed of amphibolite and
gneiss comprising mainly biotite and amphibole.
These rocks are migmatites and gold occurrence was
determined by analysis of migmatic amphibolite (Kria-
tov et al. 1980). The gold grade is up to 3 g t−1.

The alluvial gold occurrences of Sarédarou occur on
the left bank of the Sarédarou River. It is an area con-
sisting of mylonite containing quartz, feldspar, biotite
and hematite. The mineralisation is associated with
quartz zone extending over 2800 m2 where eluvial
deposits host gold with grades up to 0.1 g t−1(Kirov
et al. 1981; Kriatov et al. 1980, 1995).

The Lougou gold mineralisation is in the township of
Sinendé in an area of schist containing quartz, white
mica and chlorite. It is related to a quartz vein zone
where the gold grade is 0.2 g t−1. Gold is associated
with chalcopyrite, bornite, sphalerite, galena and silver
(Kirov et al. 1981; Kriatov et al. 1980, 1995).

The North Alibori gold mineralisation is on the left
bank of the Alibori River. The area is mainly composed
of white mica -chlorite schist with quartz veins. In the
north of the area, these rocks are in contact with a large
granitic mass. The gold content of the largest vein
(300 m long and 20 cm thick) is 0.3 g t−1 (Kriatov
et al. 1980, 1995) (Table 1).

Main sites of placer (alluvial) gold deposits

Placer gold deposits occur in the valleys of the Perma,
Sarga and Sina-Issiré rivers in the Atacora region on
the Natitingou sheet where they are continually being
mined.

Perma placer

The Perma placer was mined from 1939 to 1959 by
mining companies with a production of one t of gold.
However, research in untapped areas has revealed a
further 400 kg of production during this colonial

period. The average gold grade in the gravel bed is esti-
mated at 1 g m−3 (Mand’huy 1962; Kirov and Boboé
1983; Kirov et al. 1983). The alluvial gold of Perma
has since been exploited through artisanal mining.
The Perma River drains various quartzite lithologies
constituting the Atacora Structural Unit.

Sarga placer

The Sarga alluvial placer extends over 4 km and the
gold grade is about 1 g m−3, with a reserve of 760 kg
(Kirov et al. 1983; Depciuch and Azonsi 1983). The
area mainly consists of white mica-quartz schist, quart-
zite, quartz-white mica-chlorite schist, sandstone, con-
glomerate and dolomite (Kriatov et al. 1995). Research
shows that the auriferous layer has a thickness of 0.5–
5 m, with an average of 1.6 m.

Sina-Issiré placer

The highest gold grades in the Sina-Issiré placer are
observed in alluvial deposits of the major bed of the
river and in the first accumulation terrace. The thick-
ness of the auriferous layer at Sina-Issire is 1–2.5 m
and it is covered by 10 m of sandstone and clay-grav-
elly deposits, which also contains gold. The total thick-
ness of the mineralised layer can be up to 5 m. At 3 m
depth, the water table makes estimation difficult, but
the gold grade varies from 0.1–0.4 g m−3 (Kirov and
Boboé 1983). The host lithologies around the placer
are gneiss and amphibolite (Kirov et al. 1981; Kriatov
et al. 1980, 1995).

All these three placers’ deposits described are
located in the Atacora region on the Natitingou
sheet. Moreover, two gold placer deposits have been
identified on the Bembèrèkè sheet (Alibori placer and
Western Koundé placer), whereas three gold placer
deposits are being mined on the Djougou sheet.

Alibori placer

This placer encompasses a part of a right tributary of
the Alibori River. The tributary erodes the area of
quartz veins to which is bound the Yarra gold mineral-
isation. The width of the tributary bed hosting the min-
eralisation does not exceed 2–2.5 m. The gold content
varies from 0.02 to 0.23 g m−3 (Mackallor and Stager
1967; Kriatov et al. 1995).

Koundé placer

It occurs on the right tributary of the Alibori River
whose confluence is located south of the Téro River.
The area is made up white mica schist and shale devel-
oped in contact with the lower Proterozoic granite
(Kriatov et al. 1995). In this contact zone, auriferous
quartz veins serve as sources for the Western Koundé

Table 1. Geological and economic parameters of vein gold
deposits and occurrences areas.
Quartz vein
gold area Township

Host rock/Surrounding
outcrops

Grade
(Au) g t−1

Perma
(deposit)

Natitingou Quartz vein, quartzite, schist,
mica schist, amphibolite

5–300

Kouandé
(deposit)

Kouandé Quartz vein, schist,
quartzite, orthogneiss

0.2–2.4 / 64

Yarra Sinendé Diorite, granodiorite,
gneiss, quartz veins

3–5

Pessoulou Sinendé granite, quartz veins, schist 3.2
Nia-Nianou Kérou Various gneiss, granite –
Nibiori Sinendé Quartz veins, granite, gneiss 0.3
Ana Ségbana gneiss, amphibolite,

quartz veins
0.03–3

Sarédarou Gogounou Quartz, mylonite 0.1
Lougou Sinendé Schist with quartz- white

mica-chlorite, quartz veins
0.2

Alibori Gogounou White mica schist, Schist with
white mica-chlorite,
quartz veins

0.3
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placer. The Koundé placer is of low grade (0.04 g m−3)
and the gold is irregularly distributed in the alluvium.
Thus, the Western Koundé mineralisation is not of
economic interest (Mackallor & Stager 1967).

Alédjo-Koura placer

The placer of Alédjo-Koura is located in the Kakpan
and Iwowou river basin (tributaries of the Nialo or
Mono rivers) northwestern of Bassila; very close to
the border with the Togo Republic. The zone consists
mainly of micaceous quartzite, mica schist and schist
of Atacora; gneiss and orthogneiss, intersected by
quartz veins, pegmatite, and mafic and felsic intrusions.
The gold content obtained in the alluvium varies from
1.19 to 1.4 g m−3 under the coverage of 2 m sandy layer
(Yèvidé et al. 1992).

Tansar placer

The mineralisation is hosted in sandy and gravelly
strata. Its grade is from 0.05–0.15 g m−3 and the gold
is associated with iron oxides, biotite and tourmaline
(Chala et al. 2004). This gold placer is situated about
16 km southwest of Djougou in the area composed of
gneiss with biotite and garnet, mica schist and amphi-
bolite. These rocks are associated with concordant or
discordant milky-white or smoky quartz veins strike
110–120°. They are also folded and affected by peri-
directional faults (BRGM and OBEMines 1984).

Tomi placer

Discovered in the Sansrou River basin northwest of
Pabégou, the country rocks include micaceous quart-
zite, micaceous gneiss, mica schist and amphibolite.
The gold grade varies from 0.11 to 1.60 g m−3. Gold
is more abundant in the major river bed but also in
the large alluvium (50–100 m) of the Upper River,
and sandy layers cover mineralised gravel level
(Chala et al. 2007).

The characteristics of these placers are summarised
in Table 2.

Laterite mineralisation

No previous work has described auriferous mineralis-
ation in lateritic profiles. However, it appears from
the observations made in the Atacora area as part of
an ongoing thesis, that the Gnangnanmou and Sourou-
kou sectors would be suitable for laterite gold. Already,
some artisanal miners have begun exploration of these
laterites in search of gold (Figure 4). In Souroukou
area, for example, the thickness of weathered lateritic
profiles over mineralised schist is up to 5 m. This
area is therefore currently under investigation for
lateritic gold mineralisation.

Characteristics of the quartz-vein deposits

Quartz-vein hosted deposits in the Bénin Republic, as
in the rest of West Africa, occur in all lithologies, i.e.
in mafic formations (e.g. Ana, Néana and Kpoua), in
felsic units (Yarra, Pessoulou) and in metasedimentary
rocks (e.g. Perma, Kouandé deposits).

Structure

In outcrop, two structural types of veins can be distin-
guished: type-1 veins and type-2 veins. Type-1 veins
are concordant, deformed and mineralised. Type-2
veins are discordant, undeformed and generally barren.
They have a typical buckshot texture (Boyle 1979;
Dowling and Morrison 1989) and can be observed to
cross-cut the type-1 veins. This suggests that they
occurred at the end of the regional deformation events.

Petrography and mineralogy of ore

In Benin, types-1 veins are milky, whereas types-2
veins are white and vitreous. Based on their mineral-
ogy, types-1 veins can be further subdivided into
quartz-sulphide and quartz-tourmaline veins (sul-
phides and tourmaline rarely occur in the same veins).

Quartz-sulphide veins are exemplified by the Perma
and Pessoulou deposits. In these deposits, gold exhibits
three forms: free native metal, tellurides and combined
or included in sulphides. Gold of the Perma deposit is
often associated with pyrite (FeS2), chalcopyrite
(CuFeS2), galena (PbS), sphalerite (ZnS), covellite
(CuS), silverite (Ag2S) and tetrahedrite ((Cu,

Table 2. Geological and economic characteristics of alluvial
gold in Bénin.
Placers
area Township

Host rock/surrounding
outcrops

Grade
(g m−3)

Reserve
(kg)

Perma Natitingou Clayey soil, soil, gravel,
sand pebbles,
sandstone-quartzite,
micaceous quartzite

1 400

Sarga Kouarfa Sandy, sandstone,
conglomerate
dolomite, schist,
quartzite

1 760

Sina-
Issiré

Natitingou Pebbles, clay-gravelly,
sandy soil, sandstone

0.1–0.4 -

Alibori Sinendé Sandy, soil, diorite 0.02–0.23 -
Koundé Gogounou Sand, soil, white mica

schist, shale, granite,
quartz vein.

0.04 -

Alédjo-
Koura

Bassila Sandy, gravel, quartzite,
mica schist, gneiss,
orthogneiss, schist,
quartz veins.

1.19–1.4 -

Tansar Djougou Sandy, gravel, gneiss
with biotite and
garnet, mica schist
with two micas,
schistose amphibolite

0.05–0.15 -

Tomi Copargo micaceous quartzite,
micaceous gneisses,
micaschist, schistose
amphibolite

0.11–1.6 -
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Fe)12Sb4S13)); oxide such as magnetite (Fe3O4), hema-
tite (Fe2O3), rutile (TiO2), azurite (Cu3CO3(OH)2); and
gangue minerals such as quartz, muscovite, chlorite
and carbonate (Kirov et al. 1976; Kirov et al. 1981; Dep-
ciuch and Azonsi 1983; Kirov and Boboé 1983; Yessou-
fou 1991). The sulphide content is usually low (less
than 5%) and pyrite is by far the most common sul-
phide. In the Pessoulou area, gold is associated with
lead, silver and copper mineralisation. Within both
deposits, muscovite, carbonate and chlorite occur in
the vein alteration halos in the locations. However,
the chemical composition of these minerals, as well
as that of native minerals, varies with respect to host-
rock lithology.

Quartz-tourmaline veins are exemplified by the
mineralisation of Kouandé where quartz veins are
hosted in white mica-chlorite schist, quartzite and
white mica-quartz schist rocks. Gold would be concen-
trated in layers of tourmaline as globular grains, typi-
cally at the terminations of tourmaline crystals and as
small grains filling fractures or cleavages. Uncom-
monly, gold is accompanied by silver (Kirov et al.
1976; Kirov et al. 1981).

Perma and Pessoulou deposits present similarities
with Pourra deposit in Burkina Faso and Kalana
deposit in Mali (Melesi et al. 1989, 1992), with Taparko
and Gangaol deposits, whereas deposit of Kouandé
shows similarities with Guibaré deposit in Burkina
Faso (Béziat et al. 2008).

Genesis of primary gold mineralisation

Currently, in Bénin, no study of fluid inclusion on lode
deposit has been published. A review of data collected

shows that most of the previous work have been based
on the mineralogical paragenesis and the structural
control to propose the genesis of auriferous quartz
veins.

Mineralogy

Based on mineralogical assemblages of gold ore, Kirov
et al. (1981) classified the deposition model as follows
(Figure 5): a pneumatolytic phase at high-temperature
characterised by the presence of tourmaline is moni-
tored over time and continuously by the hydrothermal
phase with the deposition of medium temperature
minerals as pyrite. The phase finally reaches the low
temperature hydrothermal phase with deposition of
tetrahedrite; galena, sphalerite and gold. The last
phase would be the hydrothermal alteration, which is
characterised by the secondary chlorite alteration of
ferromagnesian minerals and the alteration of plagio-
clase. This last phase, already at low temperature and
pressure, leads to the formation of vitreous, barren
quartz veins.

Furthermore, green schist mineralised have under-
gone the formation of albite and tourmaline and con-
tain both pyrite and native gold which are often
found in cracks of pyrite.

According to Kirov et al. (1976), the sulphide
elements such as copper, lead and zinc associated
with Perma deposit are most commonly found in
hydrothermal deposits at various degrees. Conse-
quently, these lode gold deposits would be of hydro-
thermal origin. This hypothesis is confirmed by the
abundance of tetrahedrite that is a characteristic min-
eral of deposits of hydrothermal origin (Allaby 2008).

Figure 4. Artisanal miner’s site for auriferous laterite in Gnagnamou.
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Yessoufou et al. (2001, 2011) highlighted that the
emplacement of Perma deposit has undergone two
phases. The first involved the formation of white to
milky quartz under the high-temperature phase (605–
575° ± 10°C) and the second low-temperature phase
(355–275° ± 75°C) which is marked by mercury occur-
rence in the mineralogical composition. The presence
of mercury suggests that the lode gold of the Perma
area was emplaced at 270°C. Also, the chlorite, K-feld-
spar, Ca-feldspar and sulphur in the lode mineralis-
ation have not undergone any metamorphic and
tectonic deformation, thus indicating that these veins
and veinlet post-date the fold phase of the Atacora
Belt (Yessoufou et al. 2001).

Structural control

From the descriptions of the various gold deposits and
occurrences above both in the Atacora rocks and the
basement formations, the primary gold studied so far
in Benin is principally related to quartz veins hosted
in quartzite, mica schist, schist and amphibolite.

In theAtacora area (on theNatitingou sheet), the tec-
tonic control of veins is evidenced by the criss-crossing
of the faults and the rugged relief. Auriferous lodes are
related to the intersection points of faults of different
directions, and to the contact zone of the basement
and Atacora structures. Interpretation of aerial photo-
graphs, LANDSAT imagery, gravity data (El Hadj Tid-
jani et al. 1993, 1997; El Hadj Tidjani 2000) and analysis
of lithological contacts (Affaton 1975; Kirov et al. 1976;
Affaton et al. 1991; Kriatov et al. 1995) showed that
quartz veins are related to batholiths of granites at
depth. In this zone, quartz veins would also have been
emplaced during magmatism in the already open path-
ways (i.e. cracks and crevices) in country rocks (Kirov
et al. 1981). Similarly, Yessoufou (1991) and Yessoufou
et al. (2011) have pointed out that the gold-bearing
quartz veins of Atacora area proceed from hydrother-
mal solutions related to granitic rocks.

In the basement (Bembèrèke, Djougou and Dun-
kassa Sheets) the quartz veins are also associated with
tectonic zones. The proximity of the quartz veins and
granitic masses is visible, and the veins often appear

in the contact zones of granite with the surrounding
formations. Thus, the emplacement of granitic masses
plays a fundamental role in the formation of quartz
veins especially in the zones of tectonic dislocation,
which is in agreement with the study of Woodward
(1993). The close connection between the quartz
veins and the granite suggests that they are hydrother-
mal veins resulting from the injection of hydrothermal
solutions related to granites in the fractured zones.

Discussion

All primary gold deposits and occurrences that are
studied in Bénin occur in Precambrian belts that
have undergone regional metamorphism and show a
relation with structural control (i.e. formed synchro-
nously with deformation). In addition, mineralisation
occurs within or adjacent to quartz veins. These
major characteristics would be shared by many other
epigenetic gold deposits in Precambrian metamorphic
terranes (Goldfarb et al. 2005). Therefore, all minera-
lised sites can be classified as orogenic-type gold depos-
its, as defined by Melesi et al. (1989, 1992), Groves et al.
(1998), Groves et al. (2003) and Goldfarb et al. (2005).
Deposition of gold clearly occurs well after the empla-
cements of these igneous bodies (Beziat et al. 2000).

Based on structural and textural evidence, the for-
mation of quartz veins and gold precipitation would
be synkinematic and synmetamorphic, which explains
why undeformed type-2 veins are barren as they were
emplaced after the peak of the Pan-African orogenic
event.

In addition to quartz vein gold, it could have the epi-
genetic disseminated gold style which displays the
common feature of containing a high proportion of
invisible or as very fine disseminated particles within
strata like in some West African deposits.

Spatio-temporal extension of gold
mineralisation in Bénin: a perspective study

Apart from the areas where gold mineralisation has
been established in Bénin, it is possible to envisage
other parts of the Bénin territory where research

Figure 5. Diagram illustrating the successive stages of mineralisation in Atacora zone (Kirov et al. 1981).
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could lead to interesting occurrences. This would
involve investigation and study of quartz veins as
well as large areas of tectonic activity; identification
and prospecting of all volcano-sedimentary basins in
Bénin including those of Barou, Pako, Alibori and
Idaho Mahou; exploring contact areas of granitic
masses with basement formations; more detailed scien-
tific studies on the auriferous metallogenic zones
already identified and all placers surrounding the
gold-bearing quartz veins; and to study the meta-con-
glomeratic levels of the external unit of Atacora.
According to Affaton (1990), the meta-conglomerate
represents the metamorphosed and deformed lateral
equivalent of supergroup I formations of the Volta
Basin resulting from the dismantling of the West Afri-
can craton. Already, Lehingne and Machesseau (1962)
showed the gold mineralisation associated with an

intra-formational conglomerate in the Atacora quart-
zite of Tanékas located in the northwest of Djougou.

Conclusion

In Bénin, many gold occurrences are highlighted in the
territory between the 9th and the 11th latitudes, par-
ticularly in the Atacora area (Natitingou) and in the
Bembéréké, Dunkassa and Djougou regions belonging
to the basement. These areas of mineralisation are
mainly hosted by quartz veins which are interstratified
in various quartzite, schist, mica schist and amphibolite
occur in shear zones. Gold-bearing quartz veins are
associated with sulphides and oxides minerals and
would be from hydrothermal related to magmatism.
The existence of several structures favourable to miner-
alisation proves that it is possible to discover gold

Figure 6. Generalised geological and structural map of the West African Craton showing the distribution of gold mines, deposits
and occurrences (Robertson and Peters 2016).
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deposits through research focused on their geological
and metallogenic contexts, which is in agreement
with Robertson and Peters (2016); which showed
Bénin is located close to big gold deposits in Ghana
and Burkina Faso (Figure 6). There is a reason to
believe that the mineralisation potential could extend
into Bénin as similar-aged rocks to those hosting big
deposits in West Africa appear to extend into the
country.
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