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Re-Os Ages for the Kourki Porphyry Cu-Mo Deposits,

North West Niger (West Africa): Geodynamic

Implications

Rasheed M. Abdul

ABSTRACT

The study area is located at the southern end of the Gorouol greenstone belt,
northwestern Niger. This region contains significant deposits of Copper and
Molybdenum hosted in intrusive rocks metamorphosed in the green shale
facies. This deposit was previously considered a porphyry system of Copper
(Cu) and Molybdenum (Mo) without having been the subject of advanced
research. The objective of this study is to confirm or refute this hypothesis
and to date the mineralisation in an absolute manner in order to readjust
the mineralising episode in the history of the West African Craton. The
methodology used within the framework of this study is the isotopic dating
by the Re-Os method carried out on the pyrites of the host rock. The results
of this analysis give an age range between 2158 + 50 Ma and 2110 + 51 Ma
for the Cu-Mo mineralisation. This age range represents the West African
Craton scale to an episode of magmatic accretion. During this accretion, the
subduction phenomena between the Crusts (Oceanic and Continental)
would have been favourable for the formation of the Cu and Mo
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I. INTRODUCTION

The dating of mineralisation in West Africa has often been
obtained relatively to the absolute ages of the host rocks. In
addition, studies on the genesis of copper deposits are
generally limited by the lack of suitable minerals to directly
determine the age of mineralisation. In Niger, the most
commonly used methods for dating mineralisation of these
deposits are U-Pb, Pb-Pb, K-Ar, Rb-Sr, Sm-Nd, among
others. These most commonly applied techniques do not
provide an age for the mineralisation itself. The age of
mineralisation formation is generally deduced from the
moment of magmatism, tectonics, metamorphism and
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alteration. However, it is still difficult to determine the age of
mineralisation in a deposit that records evidence of multiple
tectonic and magmatic events. Accurate dating of the
mineralisation age is crucial to determining the genesis and
viability of the deposit. With the progress made in Re-Os
dating on molybdenite [61] or in Rb-Sr dating on sphalerite
[10], [11], [42], [45], it is possible to obtain an age directly
on mineralisation from one or a series of minerals
corresponding to the mineralisation phase of interest. These
isotopic dating techniques make it possible to obtain
information on the age, the chronology and/or the lifespan of
the hydrothermal activity, by coupling them for example with
dating techniques of the surrounding and alterations (K-Ar,
U-Pb, “°Ar / 3°Ar).

Vol 1 | Issue 4 | July 2020



European Journal of Environment and Earth Sciences
WWw.ej-geo.org

The Kourki Copper (Cu) and Molybdenum (Mo)
mineralisation is located in the Birimian formations in the
Northwestern part of Niger. This mineralisation was
discovered by Machens [34] during the general prospecting
of the liptako. The tonnage of this Cu-Mo mineralisation has
been estimated at 160 Mt with a grade of 0.004 g/t Cu and
0.01g/t [28].

Previous works done on the Kourki mineralisation focused
on the geological characteristics, alterations and
geochemistry of the soil. These studies have suggested that
the Kourki mineralisation is a porphyry deposit, but the
mechanism of implementation of this mineralisation is still
unknown in the context of the complex geological and
magmatic evolution of the Kourki region. Based on the
aforementioned, this study presents the data on the age of
pyrite through the Re-Os method to limit the age of
establishment of the Kourki mineralisation in order to

readjust the mineralising episode in the history of the West
African Craton.
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Il. STUDY AREA

A. Geological Setting

The West African Craton (WAC) is made up of an
Archean-Paleoproterozoic basement. It is divided into the
Reguibat Rise ridge and the Man ridge (fig. 1). These ridges
are covered in discontinuity by the Neoproterozoic to
Holocene sedimentary sequences. The Man Ridge of which
the study area is located is subdivided into two areas: the
Kénéma-Man Archean domain (3.5 Ga) and the Baoulé-
Mossi Palaeoproterozoic domain (2.3-1.8 Ga) [16]. The
Kénéma-Man domain consists of a granito-gneiss complex
and a granulitic meta-gabbro [63]. The Baoulé-Mossi domain
is made up of Birimian metasedimentary and metavolcanic
sequences formed around 2.3 Ga (according to [16], [44]).
The formation of the Baoulé Mossi domain was intruded by
a suite of TTG (Tonalite-Trondjhemite-Granodiorite). The
establishment of these TTGs occurred at 2.2 Ga, 2.16-2.13 Ga
and 2.1-2.07 Ga concomitant with the deformation of the
Birimian greenstone belt [21]-[23], [32].
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Fig. 1. Simplified geological map of West Africa (from Trompette [65], modified), showing the Liptako area. 1: Archean; 2: Birimian; 3: Pan-African
mobile areas; 4: Sedimentary basins of neoproterozoic to paleozoic age; 5: Study area; 6: cities.

This granitic suite is intrusive both in the Birimian

formations and in the granitoids of the TTG suite. Their
implementation period is between 2150 and 1950 Ma [12],
[32], [33].
In the Gorouol belt, the dikes, veins, and granitic formations
rich in potassium and pyroxenite-gabbro are invaded by
granitoids and therefore predate their establishment [66]—
[68]. Northwest and Northeast dolerite dykes crossing the
WAC were probably set up during the final crust rupture of
the supercontinents at 1.4-1.2 Ga [76].
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The group of Tarkwaian or higher Precambrian [35]
overlaps the Birimian formation [25], [31], [39]-[41]. This
group is dated 2194-2132 Ma by the U-Pb method on detrital
zircon [15].

B. Local Geology

The Nigerien liptako occupies the northeast end of the Man
Ridge including the Baoulé-Mossi area. It is bounded to the
north by the Taoudeni Basin and to the east by the surface
formations of the lullemmeden Basin. Based on the U-Pb,
Rb-Sr and Sm-Nd isotopic data, the study area (Nigerien
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liptako) is considered an old crustal growth area of 2.1 Ga
[59]. In the Nigerien liptako, the age reported on various
granitoids is between 2137 = 126 and 2188 + 12 Ma [59]. The
synthesis of the work carried out shows that the base of the
liptako, of Paleoproterozoic age, is made up of granitoid
plutons alternating with belts of green rocks [17], [26], [34].
This alternation is overcome by the sedimentary cover which
includes infracambrian, tertiary (post-Eocene) formations of
the Continental terminal, and quaternary. The granitoid
plutons are composed mainly of granites and TTG (Tonalites,
Trondhjémites, Granodiorites) (Fig. 2). Pluton placement is
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associated with metamorphism and deformation in a context
of global NE-SW shortening [47], [61]. The greenstone belts
are made up of metasediments (clay shales, quartzitoschists,
micaschists), sedimentary meta-volcanoes (greywackes),
meta-volcanoplutonic [1], [3], [26], [58], [60], tuffs and
rhyolitic breccias. They also include pyroxenites,
amphibolites, epididites, chloritoschists, metabasalts, and
metagabbros, of NNE-SSW orientation. The present study
was carried out in the south of Gorouol Greenstone belt (Fig.
2).
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Fig. 2. Location Map of Study Area

I1l.  SAMPLING AND ANALYTICAL METHODS

A total of 5 thin and polished sections were produced at the
Center for Geological and Mining Research (CGMR) in
Niger. The samples analysed are the subject of observations
using a polarizing microscope at the laboratory of the Abdou
Moumouni University of Niamey Geology department. The
objective of this step is to determine the nature of the
lithology, the mineral associations and the alteration and
mineralisation assemblages.

About dating, 5 samples of pyrites from granodiorite were
analysed in the Nancy laboratory (France) using the Rhénium
Osmium (Re-0Os) isotopic method. This analysis was carried
out on mono-mineral powders. The minerals were picked by
hand and ground in an agate mortar. The osmium and
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rhenium were extracted chemically in the cleanroom of
Center for petrographic and Geochemical Research (CPGR)
at Nancy laboratory in France. About 0.3 g of each purified
separated mineral was enriched with *°Os and !%Re and
digested in a Carius tube at 230 °C for 24 hours in a 3:1
solution of HNO3: HCI. After this step, Os was separated by
liquid-liquid extraction and purified by microdistillation. The
rhenium was separated from the residue using an anion
exchange resin. The osmium analysis was carried out by
negative thermal ionization mass spectrometry (NTIMS)
using a Finnigan MAT 262 instrument at CPGR. This was
equipped with an electron multiplier and counting electronics
ions and an oxygen leak valve. Rhenium analysis was carried
out by ICP-MS quadrupole Elan 6000 at Rock and Minerals
Analysis department (RMAS) (CPGR, Nancy).
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IV. RESULTS AND DISCUSSION

A. Characteristics of Mineralisation

Kourki's molybdenite (Mo) and copper (Cu) mineralisation
is disseminated in a schist of sedimentary origin enclosed in
porphyry granodiorites intruding the Gorouol green belt [34].
This schist is chopped by veins oriented in all directions. The
mineral paragenesis of the Kourki deposit is of the
molybdenite-chalcopyrite-chalcosine-malachite-pyrite-
sphalerite type. Pyrite is encountered mainly on schist-
granitoid contact. The entire volcano-sedimentary region of
the study area is affected by epi-hydrothermal quartz inflows
of volcanic origin. These epi-hydrothermal activities have
also affected the granitoid massifs (granodiorite), the contact
zones between volcanic rocks and shales, and even the
sedimentary series. A multitude of quartz veins and veins
crack all of these formations. These quartz veins are also
carriers of mineralisation in the Kourki region.

Molybdenite is in the form of aggregates of elongated
crystals that can be disseminated in the gangue. Molybdenite
appears to the unaided eye as greyish blue with a distinct
bluish tinge, and is very often disseminated in a disorderly
fashion. It is also found in the form of a fly in the veins of
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grey (smoky) quartz. Molybdenite is sometimes disseminated
in granodiorites. However, in the field, when the
molybdenum content is high, the quartz takes on a metallic
luster (Fig. 3D).

Chalcopyrite and pyrite appear in large crystals. Pyrite also
appears in the form of fine aggregates, elongated or coarse
xenomorphs rarely subautomorphic (Fig. 3E). This sulphide
is either disseminated in the rock, or filling the intergranular
spaces in the quartz vein. These quartz veins can be calcite
veins or be composed entirely of pyrite (Figs. 4G, 4H). These
quartz veins also include small amounts of molybdenite,
chalcocite, bornite, azurite, gold, chlorite and epidote.
Chalcopyrite is the dominant sulphide and occurs as anhedral
crystals interspersed with pyrite in quartz veins (Fig. 3C).
Molybdenite is rare and generally has a hexagonal shape, and
it occurs in the form of aggregates interspersed with
chalcopyrite (Fig. 3D). Pyrite is generally in the form of
hypidiomorphic or xenomorphic crystals which are
interspersed with galena and sphalerite in quartz veinlets
(Figs. 3E, 3F). The largest crystals are fractured (Fig. 3C),
however, the small crystals are often automorphic and intact.
Analysis of the slides under the microscope also revealed the
presence of gold in the Kourki mineralisation (Fig. 3A).
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Fig. 3. Photomicrographs showing (A) Native gold in pyrite; (B) coexistence between pyrite and arsenopyrite; (C) assemblage of pyrite-chalcopyrite-
chalcocite-bornite; (D) chalcopyrite-molybdenite assemblage; (E) pyrite and galena coexistence; (F) pyrite-sphalerite venule; (G) brecciation of rock wall;

(H, 1) chloritization and alteration in potassium feldspar of the rock walls. Abbreviations: Qz, quartz; Ser, sericite; Chl, chlorite; Kf, potassium feldspar; S,
sulphide; Py, pyrite; Ccp, chalcopyrite; Gn, galena; Sp, sphalerite; Apy, arsenopyrite; Mot, molybdenite; Bn, bornite; Cc, chalcocite; GI: gold.
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B. Paragenetic Succession

The paragenetic succession is essentially based on the
textural relationships that exist between minerals. This was
difficult to establish because the minerals do not always
appear in the same polished section, and in many cases, they
appear alone, isolated from other minerals; thus, the
relationship between molybdenite with other minerals is not
always clear. Based on this, four paragenetic stages for the
Kourki deposit were proposed. Early stage: quartz + K-
feldspar + sulphides (molybdenite pyrite) + magnetite (Figs.
4A, 4B). This early stage is characterised by the modification
of pre-existing minerals. Precipitation of quartz, potassium
feldspar and magnetite began during the early stage.
Sulphides during this stage including molybdenite and pyrite
are limited.

| S
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Mineralisation stage at Mo: quartz + K-feldspar +
molybdenite + chalcopyrite = pyrite. This stage where
molybdenite is disseminated in the rock and in the quartz,
veinlets defines the main episode of mineralisation at Mo in
Kourki. The molybdenite is associated with quartz-calcite-
chlorite alteration paragenesis (Figs. 4C, 4D).

Stage with copper mineralisation: quartz + epidote +

chalcopyrite. This stage corresponds to the development of
copper sulphides such as chalcopyrite, bornite and chalcocite
(Figs. 4E, 4F).
Last stage: quartz + muscovite + carbonate (+ sulphides).
Representative minerals in this latter stage include
hydromuscovite, calcite, sphalerite and galena. The carbonate
veins are late (or later) at this stage (Figs. 4G, 4H).

Fig. 4. Photomicrographs showing (A, B) the early alteration phase (Pyrite in the host in Analysed polarized light (APA) and reflected light (RL); (C, D) the
mineralisation phase illustrating paragenesis of pyrite, chalcopyrite and sphalerite in Analysed polarized light (APA) and reflected light (RL); (E, F) stage
with copper mineralisation showing the epidote associated with chalcopyrite in Analysed polarized light (APA) and reflected light (RL); (G, H) the last
stage of mineralisation showing a late calcite vein surrounded by idiomorphic quartz in Analysed polarized light (APA) and reflected light (RL).
Abbreviations: Qz, quartz; Py, pyrite; Cp, chalcopyrite; Sp, sphalerite; Cal, calcite; Ep, epidote; Ms; muscovite.
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The presence of chalcopyrite inside the molybdenite
crystals indicates a contemporary crystallization for the two
elements. Pyrite seems to be the first to crystallize since it is
cut by chalcopyrite wveinlets. In some cases, pyrite,
chalcopyrite and molybdenite are either disseminated in the
matrix of the host rock, or in the veins of microcrystalline
quartz. Chalcopyrite is often associated with pyrite, sphalerite
and bornite. Native gold is found exceptionally in quartz
veins intersecting granodiorite, and in association with
molybdenite, chalcopyrite and calcite [49]. The combination
of minerals such as chlorite, epidote calcite and the presence
of streaks of quartz observed in Kourki granitoids attest that
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they underwent the effects of hydrothermal alteration (Figs.
3, 4). Indeed, hydrothermal solutions play a big role and can
explain the appearance of these minerals. Molybdenite is
either isolated from quartz or associated with weathering
minerals such as fluorite, carbonates, epidote and chlorite.

C. Dating of Cu-Mo Mineralisation

The ¥70s/*0s isotopic ratios of the samples analysed are
very high and therefore very radiogenic. Since the samples
analysed prove to be very radiogenic, it is therefore not
necessary to use the isochronous method to obtain the age.
The results of the measurements are presented in Table 1.

TABLE I: Re-Os DATA OF THE PYRITES FROM THE KOURKI CUPRIFEROUS DEPOSIT

Samples Sample [Re] 7[Re] s | % B70s | B0s (% 0s* 5 | B¥0s*(ppt)>® | ¥0s*[ ¥ Re 122 | Age (Ma) 2f
Phases | mass (g) (ppb)* | (ppb)+>* total | Blanc total
(ppt)* (ppt)
Kourki M1 Pyrite 0,30209 0,67 0,44 +0,011 | 0,09 68,1 15,75 98,20 15,46 £ 0,55 0,0370 £ 0,0014 2154 + 88
Kourki M2 | pyrite | 0,30278 1,76 1,13+0,012 [ 0,55 |11,8 40,06 |98,7 39,55+0,91 |0,0357+0,0010 | 2110 +51
Kourki M3 | Pyrite | 0,30326 1,64 1,05+0,012 | 0,46 | 14,1 38,82 |98,8 38,36+ 0,83 | 0,0372+0,0010 | 2158 +50
Kourki M4 Pyrite 0,30735 9,52 5,98+0,023 | 0,46 12 218,8 33,30 217,3 ¥2,80 0,0363 £ 0,0006 2142+ 36
Kourki M5 Pyrite 0,30179 10,79 6,78+0,042 | 0,56 10 2471 99,40 245,6 £3,10 0,0362 £ 0,0007 2136 39
Motes:

(1) Re data are blank corrected.

(2) All listed vacertainties are 2g.

(3) Uncertainty on ''Re includes measurement precision, blank uncertainty, weighing errors and uncertainty on spikes calibration.

(4) Includes both common osminm contained in the sample and the contribution from the blank.

(3) ¥gs* = ¥ radiogenic only, calculated assuming a natural osminm ratio of Bipg/1¥0s =05= 04 Uncertainty on ¥705* includes the uncertainty on

this ratio. measurement precision, weighing errors, uncertainty on spike calibration. uncertainty on blank and uncertainty on standard measurements

(6) Assuming 2'¥'Re=1.666x 10-11 yr' [57].

Based on this isotopic analysis, the ages obtained on the
pyrites analysed vary from 2158 + 50 Ma (Kourki M3
sample) to 2110 £ 51 Ma (Kourki M2 sample). This age
shows a very varied gap. They are associated with relatively
high uncertainties ranging from 36 to 88 Ma. This large
uncertainty can be attributed to the low osmium and/or
rhenium contents of the samples analysed. In fact, the lower
the contents, the more difficult they are to measure and the
more the measurement accuracy decreases [11]. The
variability in ages, for its part, can be explained either by a
heterogeneity in the distribution of rhenium and osmium in
the pyrite crystals, or the Kourki mineralisation recording
evidence of several phases of hydrothermal activity. This
hydrothermal activity can cause zonation in the pyrite. This
could change the composition of primary pyrite to give
secondary pyrite. Indeed, according to Ranc [49], the second-
generation pyrite crystals are zoned. However, if the
composition of the hydrothermal fluid has varied between the
crystallization of the heart of the pyrites and that of their
overgrowths, it is possible that these have different rhenium
and osmium contents, thus disturbing the dating. Likewise, if
the heart and the overgrowths were formed at different times,
they will have different ages and the calculated ages will have
no geological significance. However, the ages obtained on the
Kourki granodiorite pyrites did not allow the calculation of
an average age with reasonable uncertainty. However, even
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though the weighted average ages of pyrite and molybdenum
have not been calculated, petrographic observations suggest
that the mineralising event for Molybdenum was after the
Copper episode. Furthermore, even if the age-related
uncertainty does not allow an absolute determination of the
age of the Kourki Cu-Mo porphyry formation, this age
interval combined with the comparison of structural data
corresponds to a second magma accretion episode in the
history of the West African Craton (2200 to 2150 Ma
according to [5], [32], [33], [39], [63], [66], [67]) (Fig. 5).
The work of the Ministries of Mines of Niger [49] showed
the presence of alteration that there would be a real zonation
of the hydrothermal alteration of the rocks (at dream level
K1). This zoning would be followed by the following
alteration zones: phyllitic, argillic + phyllitic, argillic,
propyllic and argillic, propyllic alteration, zoning similar to
that which characterises copper porphyry deposits. The
hydrothermal potassium alteration, localized in the central
parts of the structures has been generalized at the Kourki site
to the whole of the mineralised zone in the form of a
neoblastesis of microcline detectable in thin section, and that
the sulphides appear to be confined to the propylitic alteration
zone (Fig. 6). The mineralisation presents a zonation. The
central part of the deposit contains molybdenite and
accessory chalcopyrite, while at the periphery, the ratio of the
two mineralisations is reversed. The strategic geochemistry
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brought out, on the other hand, a succession of anomalous
halos in Cu + Zn; Zn + Pb around the main deposit [49].
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Fig. 5. Correlation between the Copper-Molybdenum deposit age obtained by Re-Os isotopic dating and the  geodynamic evolution of the West African
Craton in Niger.

According to Kusnir et al. [28], propylitic alteration is
essentially characterised by the development of minerals
enriched in Ca and Mg in igneous rocks; its paragenesis is the
equivalent of the green shale facies. The essential minerals
that make up the propylitic alteration: chlorite, epidote and
calcite come from the alteration of mafic minerals, anorthitic
component of plagioclase and minor complement of H* and
CO:s,. The siliceous phase also constitutes the most important
matrix which hosts the mineralisation of the sulphides of Mo
and Cu at Kourki. In addition, it is important to underline that
cracking played a capital role in the circulation of fluids
expelled from the magma at the end of crystallization. This
was induced either by the effect of tectonics, or by the
hydraulic force following a drop in pressure such that it will
have allowed the individualization of the magmatic aqueous
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phase at the origin of hydrothermal phenomena: a typical of
late to post-solidus stages (in [14]). As for the distribution of
mineral deposits, it directly depends on the mineralising
fluids. However, results on the inclusion of fluid to address
this part is not available at the moment.

Indeed, the Kourki granitoid presents a certain number of
hydrothermal alterations with which the molybdiferous and
copper mineralisations are associated. Thus, these types of
hydrothermal alterations are specific to Kourki; these are
linked to late-magmatic hydrothermalism of the porphyry
type and not resulting from metamorphic transformations of
green shale facies as it has been demonstrated in many
plutons of the West African Craton [27], [30]. In addition, the
paragenetic succession of weathering minerals associated
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with mineralisation observed in the structure is similar to
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The geochemical signature of the host rock in the Cu-Mo
mineralisation at Kourki is similar to those already described
in Niger in the Sirba belt [3], [48], [69]. Their composition
varies from tholeiitic basalts and gabbros, representing the
oceanic crust or oceanic plateaus [2], [59], to arc volcanism
linked to bimodal calc-alkaline subduction. This composition
is compatible with the evolution of the tholeiitic oceanic crust
or the oceanic plateau towards juvenile volcanic island arcs,
which formed between ~ 2200 Ma and 2160 Ma [3], [4], [59].
Concerning a possible relation of the molybdenum indices of
Liptako with tectonic events, their linear arrangement along
a North-West—South-East axis is parallel to the weak zone of
Gao. From Black [6], this zone of weakness separates two
different structural domains, interpreted as an active suture
line. The axis on which the indices in the liptako are aligned
(Fig. 7) has the same North-West—South-East orientation as
the structures which characterise pan-African orogeny.

In terms of tectonics on the scale of West Africa, this zone
of weakness is located at the limit of the West African craton
and the Pan-African mobile zone, in a sub-meridian direction,
which extends from the Gulf of Benin to North Africa.
According to Reitchelt [50], a reactivation of the Birimian
basement may have occurred during Pan-African orogeny,
essentially resulting in ceasing tectonics of the indurated
basement, which will favour the concentrations of

DOI: http://dx.doi.org/10.24018/ejge0.2020.1.4.43

molybdenite. In any case, it remains interesting to point out
the spatial relation, in the liptako, between the occurrences of
molybdenite and a major tectonic discontinuity (Fig. 7).
Finally, the nature and low content of these mineralisations,
the presence of associated hydrothermal alterations and the
nature of the mineralised bodies (granodiorite intrusion),
allow the Kourki mineralisation to be linked to the porphyry
Mo-Cu type. The major argument in favour of porphyry is the
presence of molybdenite in certain samples. Indeed, the
presence of molybdenum indicates a relatively large
placement depth.

However, in West Africa, several copper mineralisations
have been described. In Burkina Faso, there is the Cu-Goren
mineralisation located in the greenstone belt of Gorom-
Gorom, copper-porphyry of Gaoua located in the Gorom-
Gorom belt, and the Cu-Wayen mineralisation located in the
belt Tenkodogo green rocks [8], [30], [36], [43], [52]-[55],
[75]. Among these mineralisations, only Gaoua has
characteristics similar to that of the study area. Le Mignot et
al. [30] performed an absolute dating by the Re-Os method
on pyrite and obtained an isochronous age of 2161 + 23 Ma.
This age has been interpreted as the age of formation of
Gaoua porphyry. Brownscombe [9] obtained defined ages of
2171.6 £ 9.3 Ma and 2185.3 = 12.0 Ma respectively for the
diorite and the gabbro host of Gaoua porphyry through the
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U/Pb method. This age is also in agreement with the studies
carried out on the magmatic accretion event prior to the
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Eburnean orogeny which is dated, according to different
authors, between 2250 and 2150 Ma [4], [16].
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All of these ages are significantly higher than the age
obtained at Kourki. The results obtained show that the Kourki
Cu-Mo mineralisation is of Birimian age. This suggests that
the Kourki mineralisation is a Birimian copper porphyry but
more recent than Birimian porphyries in West Africa.
According to Laznicka [29], porphyry-type deposits of
Precambrian age are rare and, moreover, in some cases, their
classification remains a subject of debate since deformation
and metamorphism generally masked the primary
characteristics. Weihed [72] and Wanhainen et al. [71]
described these types of deposits in the Fennoscandian shield
as porphyry deposits or as hybrid deposits whose
characteristics also deserve to be classified as iron-copper-
gold oxide (IOCG) deposits. According to Wanhainen [70],
the Aitik porphyry copper-gold deposit was modified by
deformation, metamorphic, magmatic-hydrothermal and
IOCG events in several stages. This author concluded that the
Aitik deposit is of mixed origin with a major part of copper
coming from an old porphyry copper system and a second
minor part coming from an I0CG system superimposed.
Goodman et al. [19] consider Till (Quebec, Canada) as an
Archean porphyry type deposit. Goode [18] demonstrated in
the Kivilompolo Au-Mo mineralisation certain number of
characters common to Kourki mineralisation. The difference
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between the two mineralisations in the host rocks is that
Kivilompolo is housed in a granito-gneiss while in Kourki the
mineralisation is housed in granodiorite. However, there are
several examples of mineralised porphyries of Archean and
Birimian age in Australia, Scandinavia, India, Namibia and
Canada. For the porphyries at Mo, those from Ontario and
Finland can be cited which are of Precambrian age (in [20],
[46]). The porphyries at Mo-Cu (Ag-W) and at Mo-Cu (W)
east of Pilbara (Australia) are set up in a bimodal volcanic
sequence and their host is a 0.06% Mo granodiorite and
0.09% Cu; the Cu-Mo-Au porphyry from Malanjkland, in
central India, considered one of the largest deposits in the
world (0.9% Cu, 0.025% Mo and 0.14 g/t Au) shows an age
of 2490 + 8Ma. The Haib River porphyry in southern
Namibia, Cu-Mo porphyry (0.32% Cu and 0.10% Mo) which
exhibits an Andean magmatic arc style is dated ~ 2.0 Ga.

Finally, there are other types of mineralisation at Mo such
as: the skarns at Mo encountered in the carbonate sequences
in contact with very differentiated and siliceous intrusions
comparable to the intrusions of porphyry at Mo (Mont Laurier
in Quebec, [37], [38]); the Ni-Zn-Mo-EGP deposits present
in clay shales (thin horizons enriched in pyrite, vaesite (NiS5),
amorphous jordisite (MoS,), sphalerite) in post-Archean
orogenic belts.
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D. Model of Cu and Mo Mineralisation in the Geodynamic
History of the West African Craton

The age obtained on the Kourki pyrites corresponds to the
episode of magmatic accretion (2.2 Ga-2.1 Ga) which led to
the placement of Birimian rocks [39]. This episode takes
place upstream of the tectonic phase D1 of the Eburnean
orogeny and creates a juvenile Paleoproterozoic crust. This
magmatic accretion begins with the installation of tholeitic
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plumes in an ocean basin, which will form plateaus [2], [7],
[59]. The oceanic crust is subducted with the continental
crust. This subduction is locally accompanied by calc-
alkaline volcanism. The island arcs created by this intra-
oceanic subduction will then come to accrete on the Archean
continents (Fig. 8).

d’agcreation

600°C= = = Cegy,:
I~ & - III‘/(J
\\
Of " w— S
1000°C' = ==~oQ N
~ N
h
Asthénosphére N N
% N
\ \\
S AN
S \
N \

arc
A Prisme Avolcanique

A B
fluid cryptoexplosive
mineralisation
ascent of
mineralising melts
Y
A
lithospheric mantle
Y magma underplating

~

~ . 3 .
nagma = « lithosphére mantellique
mafique ~

~ - continentale
~
~ -~ -~ -
¥ S - IOOO°C

N N

N . ~
fusion partielle vy
de manteau hydraté ~

140000

Asthénosphére

fluide flling and veinlet-disseminated
and veinlet mineralisation

Partial melting of lower crust
to generate felsic melts

Fig. 8. Diagram of the genesis of magma in the subduction zone (A) (modified after Jébrak and Marcoux [24]) and (B) model proposed for the Kourki Cu-
Mo mineralisation.

DOI: http://dx.doi.org/10.24018/ejge0.2020.1.4.43

Vol 1 | Issue 4 | July 2020



European Journal of Environment and Earth Sciences
WWw.ej-geo.org

The Kourki porphyry system was probably formed as a
result of these intra-oceanic subduction phenomena. It was
therefore linked to the establishment of granodiorite in the
region. Kourki's Cu-Mo porphyries were formed from
hydrothermal fluids enriched in metals from differentiated
and partially crystallized magmas. Two types of
hydrothermal fluids are observed: hypersaline fluids (> 26%
NaCl) and slightly saline with decreasing temperatures from
600 to 300 °C [73], [74]. The magmas at the origin of the
mineralisations derive its part from the partial fusion of
mantle zones metasomatized by the fluids coming from a
plate in subduction. The injection of these hot magmas, rich
in S and ClI, in the lower crust will cause the partial fusion of
this one, causing the formation of hybrid magmas. The area
where this tiered fusion takes place is called the Melting
Assimilation Storage Homogeneization (MASH) area. The
rise of these magmas and their evolution by fractional
crystallization and assimilation will be at the origin of the
diversity of composition of the various granite porphyries at
Kourki. The genesis of Kourki's Cu-Mo porphyry system
would be associated with the fluids which separate from the
silicate liquid at the end of crystallization. The fluids thus
formed would accumulate over a prolonged period, in the
summit part of the chamber; when the fluid pressure of the
magma exceeds the lithostatic pressure, there will be
fracturing and brecciation of the surrounding, expulsion of
the fluids and formation of a dome consisting of a swarm of
dykes and a mineralised stockwork (Fig. 8A). The decrease
in fluid pressure linked to the opening of the fractures and the
drop in temperature will cause it to boil.

The departure of the ligands, in particular the Sulphide in
the vapour phase, will induce the precipitation of the metals
and give the mineralised stockwork to the roof of the Kourki
batholith in association with the supersalted liquid phase
(from 30 to 50% eq. NaCl weight) dense called brine;
potassium alteration is associated with this mineralised zone
[51], [56]. The porphyry representing an important source of
heat, will induce the formation of convective hydrothermal
cells of the intraformational waters which leach the host rocks
and are also charged in metals. Acid fluids from the vapour
phase, of low density, can mix with these meteoric fluids and
give rise to phyllitic and argillic alterations and to a second
generation of mineralisation associated with zones rich in
pyrite. Molybdenum is reported to be transported as
hydroxylated complexes in these low-salt fluids [13]. In fact,
this context provides an environment favourable to the
production of alkaline calcium magma and the formation of
porphyry. The deposits were therefore set up in an oceanic
context of an island arc and found themselves in the
continental domain during the tectonic accretion against the
Archean lands which took place during phase D1 of the
Eburnean orogeny.

This model of Kourki porphyry formation is entirely
compatible with the nature of the host rocks studied. In
addition, its installation in the oceanic domain could explain
on the one hand the alteration zones, and on the other hand
the presence of gabbro observed locally on the ground.
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V. CONCLUSION

Under this work, the Kourki mineralisation was
characterised as being porphyritic in nature. The host rock
pyrites of the Cu-Mo mineralisation have been absolutely
dated by the Re-Os isotopic system. This dating provided
ages ranging between 2110 = 51Ma and 2158 + 51Ma. These
ages make it possible to associate the formation of the Cu-Mo
porphyry of Kourki with the episode of magmatic accretion
which precedes the Eburnean orogeny, and it would be
formed following a phenomenon of subduction between the
oceanic crust and the continental crust. It is the Birimian Cu-
Mo porphyry system of Kourki which constitutes an
exception for these deposits which are generally much
younger. Its good preservation is, moreover, a proof of the
stability of the West African Craton since the Eburnean
orogeny. Finally, the Kourki Cu-Mo porphyry dating
provided a new geochronological constraint on the volcanism
parameter of the arc preceding the Eburnean orogeny in the
Gorouol greenstone belt.
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