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INTRODUCTION
Mauritania is rich in natural resources such as gold, iron, 

gypsum, quartz, salt, copper and crude oil (Heron et al., 
2016; Eglinger et al., 2023). In 2017, it was ranked as the 
second African country in terms of iron export (Sabeima 
et al., 2024). For several years, it has been a target for gold 
exploration and mining by the world’s leading mining 

companies because of its world-class gold deposits. The 
gold reserves of Mauritania include 25 million ounces, 
reported as 780 metric tons (Taib, 2019; Bhuiyan et al., 
2022). This interest has triggered the development of a 
large number of scientific studies and industrial projects 
among international geological surveys and mining 
companies. It’s also led to the detection of high-potential 
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gold mineralization zones and the discovery of numerous 
gold deposits. In addition, gold deposits are located 
mainly in the Archean formations of the Reguibat Shield 
in the Tasiast deposit (Dosso et al., 1979; Montero et al., 
2014; Aïfa, 2021; Jiang et al., 2022; Mahmoud et al., 
2023). The Tasiast mine is the largest open-pit gold mine 
in West Africa (Mykhailov et al., 2023; Zeine et al., 2022; 
Trench, 2024), it is composed of Archean terrains older 
than 2.5 Ga (Chardon, 1996; Key et al., 2008; Schofield 
et al., 2012; Mignot et al., 2014; Markwitz et al., 2016a; 
El Abd Bouha et al., 2021) and that are situated in the 
Reguibat ridge, one of Mauritania’s five main geological 
formations. In addition, it contains greenstone belts that 
have major economic significance around the world due 
to the presence of a variety of natural resources, including 
gold deposits (Montero et al., 2014; Markwitz et al., 
2016b; Hamimi et al., 2024). Therefore, by the end of 
2018, this mine had produced a total of approximately 
2.2 million ounces of gold since it first started operating 
commercially in 2010 by Kinross Gold Corporation 
(Sims, 2019). On the other hand, in greenstone and 
Archean granitoid terrains, shear-hosted gold deposits 
exhibit structural and lithological control over gold 
mineralization, so they are crucial for localizing gold 
deposits (Higashihara et al., 2004; Goldfarb et al., 2017; 
Amadu et al., 2021; Ouattara et al., 2021; Tan et al., 2022). 
Consequently, to understand lithological and structural 
controls, this study uses complementary approaches, 
including mining data, petrographic and mineralogical 
surveys as part of the metallogenic investigation of the 
Tasiast deposit. As well, this study aimed to ascertain the 
degree of alteration and the phenomena associated with 
the precipitation of mineralization, both of which can be 
used as model guides for exploration efforts in order to 
search and prospect for new gold deposit domains.

The approach of this study is essentially based on 
the inventory of rock series constituting the belt of 
greenstone rocks crossed by mining surveys in the 
two sectors of Piment and West Branch. Against this 
background, the present study aims to (i) identify the 
mineralogical associations of the collected samples in 
a detailed and systematic manner (for the purpose of 
detecting hydrothermal alteration products (minerals 
with evidence of alteration) and determining their type); 
(ii) understand the main structural relationships between 
different constituents of minerals and their surface state, 
especially in terms of transformation; (iii) detect possible 
anomalies indicative of mineralization and understand the 
mechanisms responsible for the enrichment of this gold 
mineralization in its tectonic (geo-structural) framework; 
and (iv) compare the two sectors and synthesize the 
paragenetic sequence to establish the genesis of gold 
mineralization.

GEOLOGICAL STRUCTURE OVERVIEW AND GOLD MINERALIZATION 
PROCESS

The Tasiast mine is located in the northwest of 
Mauritania, approximately 300 km in the north of the 
country’s capital Nouakchott (Figure 1). In addition, 
Tasiast is a part of the northern region of the west African 
craton, which corresponds to the Reguibat Shield. This 
latter is one of the five main geological units in Mauritania 
and spans more than 1500 km in length and 400 km in 
width. The Reguibat Shield has been divided into two 
main sections (Bessoles, 1977; Vachette et al., 1973): (i) 
Amsaga, Tijirit, Tiris, Tasiast, Ouassat, Ghallaman, and 
Sfariat types of gneiss, which are dated at ≃3.5 Ga (Potrel 
et al., 1996) and have tectono-magmatic phases of ≃3.3, 
≃3.0, and ≃2.7 Ga (Potrel et al., 1998), and (ii) the Yeti and 
Eglab chains in central and eastern Mauritania are part of 
a Paleoproterozoic belt that consists mostly of granitoids 
formed between 2.2 Ga and 2.1 Ga and associated with 
some remnants of Archean oceanic crust that were dated 
at 2.7 Ga (Boher et al., 1990) (Figure 2). In addition, this 
belt consists of two major subdivisions separated by a 
crust-scale shear zone that serves as a major accretion 
boundary (Lahondère et al., 2003; Schofield et al., 2006). 
The rocks of the first belt are represented by granitoid-
gneissic complexes, which include basic and ultrabasic 
rocks with metamorphosed sediments and potassium-rich 
granitoid. These metamorphic terrains are abundantly 
exposed in Amsaga (Blanchot, 1955; Barrère, 1967; 
Haissen et al., 2017; Ishagh et al., 2021). The secondary 
belt is composed by Mesoarchean to Paleoproterozoic 
rocks in the southwest, where the Tasiast deposits are 
found, including high-grade granite gneiss and greenstone 
belt assemblages. More precisely, the Tasiast deposit 
is situated within the Aoueouat Archean greenstone 
belt, where gold mineralization is observed within the 
supracrustal belt, characterized by distinct attributes 
such as prominent foliation and closely folded isoclinal 
structures, which are primarily oriented in a north‒south 
direction (Heron et al., 2016; Sims, 2019). Furthermore, 
ultramafic, mafic, and felsic volcanic and intrusive rocks, 
as well as sedimentary rocks and banded iron formations, 
are all part of the supracrustal succession. Moreover, 
the Aoueouat greenstone belt units have undergone 
metamorphism from the lower amphibolite facies to 
the middle-greenschist. The hanging wall of the local 
west-converging Tasiast thrust fault system is where 
gold mineralization is thought to have occurred. On the 
other hand, deposits are commonly located in second or 
third-order structures, predominantly near large scale 
compressional structures. The controlling structures are 
typically ductile to brittle and highly variable in type.

However, the gold endowment of the brittle-ductile 
shear zones is related to the interplay of several factors: 
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Figure 1. Structural domains of Mauritania (Bradley et al., 2015 in Hamoud et al., 2021; modified).

Figure 2. Geological map of the Reguibat Shield and lithostratigraphic Units (Bronner et al., 1992; modified).
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the first is related to the extreme lithologic competency 
contrasts that lead to more heterogeneous fluid flow; the 
second is due to the degree of straining of the rock package, 
exemplified by the attenuation of the stratigraphy; the 
third factor is the metamorphic facies, particularly its role 
in the volume of infiltrating fluids (Phillips et al., 1996; 
Moussa Hamath et al., 2020); the fourth is due to the 
rock permeability (Manning and Ingebritsen, 1999); and 
the fifth factor is related to the variety of orientations of 
lithological contacts and structures giving rise to zones of 
dilation. In addition, shear zones in which fluids flow with 
little perturbation, including highly attenuated/sheared 
rocks metamorphosed in amphibolite facies with little 
angular discordance, should be assigned low exploration 
priority. On the other hand, greenschist facies shear zones 
with various orientations of lithological contacts and 
structures, various lithologies, and close proximity to 
regional seals should be assigned the highest priorities 
(Weinberg et al., 2004).

The vein morphology and quartz textures indicate 
intense sinistral shearing, suggesting synkinematic 
mineralization. Carbonitization, sulfidation, and 
chloritization are the dominant hydrothermal alteration 
styles, with refractory gold present in arsenopyrite and 
As-rich pyrite, which is typical for orogenic gold deposits 
(Groves et al., 1998, 2003). Additionally, inclined 
stretching lineations and slickensides in silicified shear 
zones on vein walls and shallow dips of extensional veins 
attest to their formation during crustal shortening (Sibson 
et al., 1988; Witt et al., 1998; Robert and Poulsen, 2001). 
These orogenic gold deposits have consistent spatial and 
temporal positions and formed during deformational 
processes at convergent margins independently of the 
age of the host rock, which can include both Archean 
and Proterozoic greenstone belts (Mikucki et al., 1993; 
Phillips et al., 1996).

MATERIALS AND METHODS
The integration of field work, drilling, mining data and 

laboratory analyses consisted of identifying demarcated 
areas with gold mineralization and collecting samples for 
mineralogical analysis and petrographic descriptions.

Therefore, two diamond drill cores were chosen 
(Figure 3) from multiple diamond core drillings within 
the primary shear zone in the Tasiast area. Besides, a total 
of 55 samples were collected from the two boreholes 
(TA15049DD and TA17070DD) situated in the West 
Branch and Piment sectors, respectively (Figure 4). The 
sampling was guided by variations in lithology and visible 
mineralization.

Moreover, a series of analytical techniques were 
employed, including optical microscopy (using a 
DM750 type microscope, Leica®), scanning electron 

microscopy (SEM) (using the Jeol JSM-7500 F type), 
and cathodoluminescence (CL) employing the cold-
cathode method with a defocused beam (with 15 kV for 
electron acceleration voltage and 500 µA for current). 
The mineralogical composition of the bulk rock was then 
identified using an X-ray powder diffraction (XRPD) 
conducted with a Philips PW 1820 diffractometer and 
CuKα radiation (40 kV, 30 mA), and the diffraction data 
were analyzed via X’Pert High Score Plus software. 
Mineral quantification is based on the calculation of 
the integrated peak area of respective mineral phases 
multiplied by published weight factors (López-Galindo 
et al., 1996). Therefore, this study follows a comparative 
approach between mineralogical and petrographic studies 
of two representative boreholes from two selected areas in 
the Tasiast deposit.

RESULTS
Petrographic analysis

In this study, most of the rocks have a sedimentary 
nature, including greywacke, siltstone and banded iron 
formation, which primarily consists of a clastic sedimentary 
sequence dominated by quartzite and intruded by felsite 
dykes. The sedimentary unit has undergone significant 
shearing and retains a distinct phyllosilicate foliation. 
However, greywacke and siltstone primarily originated 
from the weathering of the volcanoclastic rocks, which 
mainly formed a turbiditic-clastic unit. However, in 
the following, a detailed synthesis of petrographic and 
mineralogical descriptions of mineral phases and the 
polyphase characteristics of the crossed levels is provided.

Banded Iron Formation (BIF)
Banded Iron Formation was identified in both boreholes 

at various depths, with thicknesses more prominent 
in the Piment than in the West Branch sector. The BIF 
is typically black, with alternating light and dark beds. 
The layers are generally, from millimeters to centimeters 
thick. According to the microscopic observations, the 
BIF mainly consists of alternating layers of quartz and 
magnetite. In some layers, biotite and garnet are also 
present and represent original pelitic layers; the dark 
layers consist of biotite, opaque minerals, and deformed 
amphiboles (hornblende or cummingtonite). Large 
garnets with a very skeletal and fractured appearance are 
connected to amphiboles by inclusions of quartz (Figure 
5 A-D).Orientated and distorted biotite, garnets with 
quartz inclusions and bleached carbonates give the rock a 
crystalline appearance reminiscent of metamorphic rocks.

The presence of pyrite crystals around some sulfides 
in the blades was confirmed by X-ray diffraction (XRD) 
and scanning electron microscopy (SEM), which revealed 
pyrrhotite associated with gold (Figure 7). Pyrite is more 
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widespread in the BIF than is pyrrhotite, in contrast to the 
BIF in the West Branch.

Siltstone (SVC)
Siltstone is metasedimentary rock made up primarily of 

silt and clay minerals. Compared with the West Branch 
borehole, the Piment borehole displays only two levels 
with depths of less than 60 m. These rocks exhibit a 
fine- to intermediate-grained texture, with sandstone 
beds distinguished by their color. Under the microscope, 
plagioclase grains are frequently altered, and the 
abundance of muscovite is greater than that of other rocks 

in the area. Both boreholes contain simple twin orthoclase 
and microcline feldspars. However, Figure 5 E,F shows 
an example of calcite veins that displayed important 
alterations between the quartz and feldspar crystals from 
the transparent layers of this rock series, which clearly 
shows deformation in this area. Finelly, the siltstone has 
layers rich in muscovite, biotite and the main accessory 
mineral present is tourmaline, which is more abundant 
within three zones in the Piment borehole.

Felsite (FVC)
The felsite dykes levels in the lithological records of 

Figure 3. The geological map of El-Gaicha showing the selected boreholes within black circles and the different lithological units in 
West Branch and Piment (Isselmou Eghlmbitt et al., 2018; modified).
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Piment and West Branch significantly differ in depth and 
thickness (Figure 4). From top to bottom, the lithological 
log (TA15049DD) in the West Branch has three layers, 
whereas TA17077DD has only one level of felsite in 
the Piment area. The felsite at the macroscopic scale 
shows alternating light and dark gray bedding, with 
some intervals containing well-preserved quartz and/or 
feldspar phenocrysts. Furthermore, microveins composed 
of quartz and carbonates are present within the felsite 
dyke. Microscopic observations revealed an aplitic 
texture composed of minerals, e.g., quartz and feldspar 
crystals (Figure 6 A,B). The lepidoblastic structure at 
certain intervals is characterized by micas arranged 
in lamellae and clear cleavage blades. In addition, 
the blades contained feldspars, including plagioclase 
deformed amphiboles, hexagonal tourmalines with 
blue cores, and zoned muscovite. Opaque minerals are 
also present. The alteration was originally believed to 
be albite and commonly overlies biotite alteration in 
the FVC. Muscovite is linked with carbonates, which 

appear as veins in two distinct phases, each with different 
luminescent colors, yellow and orange.

Mica-schist (MCS)
The two lithological logs show a single level of mica 

schist in the Piment target at a depth of 470 m (Figure 4). 
The absence of mica-schist in the West Branch drilling 
can be attributed to the fact that it did not reach a depth 
of 200 m. When examining this rock under a microscope, 
it is possible to observe that mica-schist is arranged in 
broad lamellae and is visually emphasized by white 
mica scintillations. The foliaceous structure, which is 
predominantly composed of quartz and mica, is clearly 
discernible, and the mica-schist exhibits a schistosity 
structure with aligned phyllites containing muscovite, 
green chlorite and zoïsites with hornblende (Figure 6 
C,D). The light color rock of the core is composed of 
quartz and feldspars, and the two types of amphiboles 
are dark, green and blue, with tourmaline inclusions in 
the garnets. These mica-schists samples have alternating 

Figure 4. Lithological logs description of TA15049DD (a) and TA17070DD (b) boreholes. 
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Figure 5. Photomicrographs of the BIF in Piment samples with: A: Scanned thin section, B: photomicrographs showing: tourmaline 
(Tur), quartz (Qz) and sulfide (Sul). C-D: photomicrographs of the BIF in West Branch showing: Oxide (Ox), sulfide (Sul), Muscovite 
(Ms) and Hornblende (Hbl). E-F photomicrographs of the SVC in West Branch (sample) showing: quartz (Qz) and calcite (Ca).
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Figure 6. Photomicrographs from in the FVC of Piment sample, with: A: Scanned thin section, B: photomicrographs showing: quartz 
(Qz), calcite (Ca) and hornblende (Hbl). C-D: Photomicrographs in the Mica-schist of West Branch showing: hornblende (Hbl), 
muscovite (Ms) and garnet (Grt). E-F: Photomicrographs of SGW in the West Branch showing: biotite (Bt), quartz (Qz), feldspar (Fd), 
tourmaline (Tur), garnet (Grt), staurolite (Str) and sillimanite (Sil).
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laminations rich in quartz, carbonate, and chlorite as well 
as biotite-rich laminations. In addition, sulfide minerals 
such as pyrite, pyrrhotite and even arsenopyrite are 
included in carbonate and biotite.

Greywacke (SGW)
The greywacke is a green rock that formed from volcanic 

activity and sedimentation. It has a distinct foliation 
pattern due to the alternating layers of dark, biotite-rich 

Figure 7. Photomicrographs of polished sections in reflected light showing gold grains in the SGW of West Branch (A-B) and in BIF 
of Piment (C-D and E-F) showing:  pyrite (Py), pyrrhotite (Pyr), Magnetite (Mag) and gold (Au).
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sections and darker, greenish areas with chlorite. In the 
West Branch log, only four layers of SGW are present, 
intermixed with BIF and intersected by a dyke. Garnet 
grains are visible in the SGW, appearing as reddish particles 
ranging in size from 2 to 7 mm. Microscopic observations 
reveal that the rock is composed of grains of quartz, 
plagioclase and mica lamellae. Moreover, muscovite is 
present in significant quantities, and biotite is prominent 
in highlighting the foliation. The presence of tourmaline 
has the potential to reflect the environment in which they 
formed, as they are extremely rich in tourmaline, zoïsites 
emanate from calcium plagioclase hydrothermal alteration 
(Figure 6 E,F). Additionally, the presence of chlorites, 
which exhibit a greenish color and blue tint characteristic 
of secondary biotite, was noted (Uytenbogaardt and 
Burke, 1985). Quartz veinlets intersected by earlier 
tourmalines, and garnets crunched with inclusions of 
biotite and tourmaline were also observed. Furthermore, 
other minerals, including centimeter-sized fibrotic tufts 
of sillimanite, were detected. These tufts, which are very 
common at this level, are formed by secondary biotite and 
can also be formed by metamorphism.

The greywacke rock shows mineralized zones with 
gold particles, which are associated with crystals of 
pyrite, pyrrhotite, arsenopyrite-and magnetite (Figure 
7). These minerals were identified via reflected light and 
confirmed by SEM (Figure 8). Mineralization primarily 
occurs in thin veins that run parallel to the rock’s foliation, 
and their sizes vary from millimeters to centimeters. 
Moreover, the presence of these secondary minerals, 
which affect feldspar crystals, such as plagioclase, which 
transforms into calcite, suggests various alteration stages 
associated with gold mineralization. In addition, calcite 
and twinned apatite were identified by their reflectivity 
via cathodoluminescence (Figure 9), and some minerals 
experienced visible hydrothermal alteration, which 
further suggested the presence of an active hydrothermal 
system in the study area.

 In addition, the metamorphic assemblage contains 
widely distributed biotite. However, in the mineralized 
zone, the emergence of a second generation of biotite 
of hydrothermal origin, which is accompanied by strong 
matrix solidification in this greywacke facies, was 
observed. Given that biotite is smaller (30 to 50 µm versus 
100 to 300 µm) and has greenish brown instead of reddish 
brown pleochroism. However, hydrothermal biotite can 
be distinguished from metamorphic biotite.

Dykes
Doleritic and gabbroic dykes are formed late in 

geological succession and differ from mineralization. 
However, the system is complicated. These dykes 
normally consist of basaltic material but could also be 

dolerite or gabbro due to the large thermal differential that 
exists between the gabbroic dykes and their surroundings, 
and their borders are typically doleritic.

Mineralogical analysis
To confirm the microscopic observations, the 

mineralogical composition of the collected samples was 
determined via X-ray diffractometry. The diffractometric 
analysis allowed us to establish a mineral paragenesis of 
the levels crossed by the two drillings (Figure 10).

The distributions of the various mineral phases 
encountered in the borehole samples as a function of 
depth are presented in Tables 1 and 2. The major mineral 
constituents are quartz, feldspar, biotite, muscovite, 
amphibole (hornblende), garnet, chlorite, and the 
less abundant minerals are magnetite, hematite and 
cummingtonite. However, other minerals, such as gold, 
carbonates (calcite), sulfides (pyrite, pyrrhotite, and 
arsenopyrite), tourmaline, actinolite, zoisite and fuchsite, 
were later intruded by alteration processes (Figure 11). On 
the other hand, the primary minerals are quartz, feldspar, 
and biotite, while the hydrothermal minerals are basically 
tourmaline, muscovite, calcite, amphibole, gold, pyrite 
and pyrrhotite.

DISCUSSION
The gold mineralization in the Tasiast deposit is 

essentially related to the hydrothermal system. It begins 
with the formation of biotite and feldspar, which are 
associated firstly with quartz, calcite and apatite, that 
are overprinted by the main gold mineralization, and 
secondarily with tourmaline, pyrite and pyrrhotite. 

The abundance of some elements, such as Fe-silicates 
in the veins, varies widely, partially reflecting the nature 
of the host rocks but also possibly through the evolution 
of the composition of the fluid phase via wall‒rock 
interactions. Indeed, the veins contain variable amounts 
of other minerals, including garnet, magnetite, muscovite, 
carbonate, quartz, and hornblende, accompanied by 
variable amounts of chlorite, cummingtonite, pyrrhotite 
and pyrite. In addition, carbonate veins and associated 
alteration constitute the last significant hydrothermal 
stage recognized. However, the lithostratigraphic context 
of Tasiast is dominated by alternating metavolcano-
sedimentary rocks, which are approximately 2.8 Ga in 
age (Chardon, 1997; Key et al., 2008; Heron et al., 2016; 
Bhuiyan et al., 2022). The sequence consists of meta-
greywacke, siltstones, magnetic banded iron formation, 
felsite and mica- schist; this sequence is intersected by 
doleritic to gabbroic dykes.

Petrographic observations, as well as mineralogical 
analyses, confirm that mineralization is related to sulfides 
that typically appear contemporaneous with biotite and 
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Figure 8. SEM images photomicrographs showing: (A, B) pyrite (Py) intergrowth with native gold (Au) in quartz vein and gangue 
minerals; (C, D): Pyrite and magnetite (Mag) with micro inclusions of native gold in sphalerite (Sap); (E, F): Two phase’s inclusions 
of native gold and pyrrhotite (Pyr) with magnetite imbedded in gangue minerals. 
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Figure 9. Cathodoluminescence microscopy photomicrographs showing: (A, B): Calcite vein with an intense orange luminescence; (C): 
Apatite prevails a green luminescence with inclusion of over-orange luminescence calcite; (D): feldspar (a mineral with blue luminesces) 
with orthoclase prevails (dark grey in black and white) related to the inclusion of calcite with a prevails yellowish luminescence; (E): 
Apatite and feldspar with green luminescence; (F): Polysynthetic plagioclase with light blue and green luminescence, the difference in 
coloration of feldspar (with blue and others with green luminescence) indicates that are from different generations and being evident 
that the blue feldspars are later than the green one.
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Figure 10. X-ray powder diffraction patterns of total rock of samples from the: a) BIF of TA17077DD borehole, b) Greywacke of 
TA15049DD borehole, and c) Felsite from TA15049DD borehole. With: Qz: quartz; Fd: feldspar; Ca: calcite; Bt: biotite; Ch: chlorite; 
Grt: garnet; Hb: hornblende; Mag: magnetite; Py: pyrite; Pyr: pyrrhotite; Act: actinolite; Cum: cummingtonite; Fuch: fuchsite; Au: gold.
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amphibolite. Fe silicates, quartz are associated mainly with 
pyrrhotite, pyrite, and in some cases, with minor sphalerite 
and arsenopyrite. Throughout the Piment deposit, 
gold is associated with silica flooding and magnetite 

sulfidation (Figure 8). The mineralization in the BIF 
and the biotite-amphibole-tourmaline stage are likely 
components of the same mineralization event because of 
their striking mineralogical similarities (Pollard, 2012). 

Samples Depth (m) Rock type
Whole rock mineralogy

Qz Fd Ca Bt Ms Ch Grt Hbl Mag Hem Gold Py Arsp Pyr Tur Act Cum Zoit Fuch

1 23,7 Siltstone 25 15 2 25 18 13 - - - - - 2 - - - - - - -

2 30,5 Siltstone 28 20 5 18 10 9 - 2 - - - 1 - - - 2 5 - -

3 38,4 BIF 32 15 - 10 - - 5 8 12 2 3 10 - - 3 - - - -

4 45,1 Siltstone 26 15 5 15 20 2 7 - - - - 1 - 4 2 3 - - -

5 47,4 BIF 35 10 - 10 4 - 4 7 10 5 3 7 - - - - 5 - -

6 62,8 BIF 40 10 8 13 - - 5 8 - 2 4 5 - - - 5 - - -

7 90,8 Siltstone 27 12 8 10 10 4 7 - - - - 5 3 5 5 2 - 2 -

8 103,4 BIF 30 10 10 8 - - 7 5 12 5 5 4 - - - 4 - - -

9 113,3 BIF 25 17 2 12 8 - 8 5 - - 2 2 3 - 5 2 2 7 -

10 125,1 BIF 28 13 10 20 2 - 5 - - - 2 4 - 3 3 5 - 5 -

11 142,5 BIF 35 15 6 12 5 - 7 7 - 5 3 2 - - - 3 - - -

12 174,15 Felsite 25 12 - 15 20 4 - 8 - - - 2 - - 5 2 - - 7

With: BIF: Banded Iron Formation; Qz: Quartz ;Fd: Feldspar; Ca: Calcite; Bt: Biotite; Ms: Muscovite; Ch: Chlorite; Grt: Garnet; Hbl: Hornblende; 
Mag: Magnetite; Hem: Hematite; Py: Pyrite; Arsp: Arsenopyrite; Pyr: Pyrrhotite; Tur: Tourmaline; Act: Actinolite; Cum: Cummingtonite; Zoit: Zoisite; 
Fuch: Fuchsite.

Table 2. Mineralogical composition of the bulk samples of the TA17070DD borehole. (% weight/weight).

Figure 11. Paragenetic sequence diagram of mineral assemblages from Tasiast deposit. The lengths of lines indicate relative abundances 
of minerals.  
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As seen in greywacke and banded iron formation units, 
gold is connected to silicification and to the substitution 
of sulfides and magnetite.

The altered mineral assemblage is associated mainly 
with brittle‒ductile thrusts branching from the Tasiast 
Thrust. The occurrence of gold is related to pyrite, 
pyrrhotite, magnetite and sphalerite (Figures 7 and 8) 
and is typically found in zones of mineralization that are 
associated with faults and shear zones. Eglinger et al., 
2023 suggested that this mineralization is likely related 
to deformation events that occurred at the regional scale. 
The age of 2839±36 Ma obtained by hydrothermal 
overgrowth on zircons from a quartz vein is interpreted as 
representing the age of mineralization at Tasiast (Heron 
et al., 2016).

At West Branch, gold occurs in quartz–carbonate 
veins that are folded and locally transposed parallel to 
the main foliation, which is axial and flat to the folds. 
The hydrothermal system is responsible for the gold 
mineralization determined by the inductively altered 
minerals of the hydrothermal alteration and the neoformed 
minerals of the metamorphism.

Additionally, the appearance of apatite in the CL 
observations (Figure 9) is more likely to have a 
hydrothermal origin (Gromet and Silver, 1983; Belousova 
et al., 2002; O’Sullivan et al., 2020).There is an abundance 
of quartz vein networks, and their relation to deformation 
likely indicates that mineralization was structurally 
controlled during hydrothermal events, which was linked 
to the circulation of fluids during the transpressive event. 
This phenomenon appears to have been active during 
the declining phases of brittle-ductile deformation 
after peak metamorphism. Moreover, deposits are 
commonly located in the third order of deformation (D3), 
predominantly near large-scale compressional structures 
(Meriaud, 2020). The controlling structures are typically 
ductile to brittle and highly variable in type. The feldspar 
biotite, amphibole, tourmaline, pyrrhotite, sphalerite and 
gold veins are generally boudinized, whereas the zoïsite, 
muscovite, carbonate veins and late carbonate veins 
appear to be related to brittle fractures. Additionally, 
from the mineralogical point of view of each stage, the 
identification of staurolite as a metamorphic mineral 
marker of hydrothermal alteration during paragenesis 
indicates a decrease in temperature during the evolution 
of the system (Henry et al., 1985; Praveen et al., 2005; 
Taylor et al., 2007; Gaillard et al., 2018; Knorsch et al., 
2020; Kouhestani et al., 2022).

Moreover, gold mineralization was associated with 
shear zones and formed during the approximate E‒W 
shortening event that accompanied the inversion of the 
Tasiast sedimentary basin. This deformation gave rise 
to tight isoclinal, vertical to overturned folds, thrusts 

and trans-current shears throughout the Aouéouat belt 
(Markwitz et al., 2016b). Several sets of northeast- and 
northwest trending faults intersect the folds and locally 
offset the geological units (Heron et al., 2016). While 
orogenic gold deposits have consistent spatial and 
temporal compositions (Graves et al., 1998; Villeneuve, 
2008), they were formed during deformational processes 
at convergent margins independently of the age of the host 
rock, which can include both Archean and Proterozoic 
greenstone belts. Furthermore, the present study shows 
that the Tasiast deposits were formed during this unique, 
transpressive tectonic event.

CONCLUSION
Mineralization in Tasiast district is strongly controlled 

by several lithological, hydrothermal and structural 
parameters. Indeed, lithological surveys have shown 
that gold mineralization is highly concentrated in the 
quartz-carbonate veins hosted in the specific shear zone 
and in some case controlled by the sulfide in banded iron 
formation (BIF) facies, which are both crossed by two 
drilling boreholes with considerable thickness and are 
marked by the presence of micro-quartz veins. 

Mineralogical and petrographical investigations of the 
mining survey samples were conducted to understand the 
gold mineralization and associated sulfides in the West 
Branch and Piment sectors. In addition, the obtained 
results confirm that gold mineralization was controlled 
by strong hydrothermal alteration. The rock matrix has 
undergone significant hydrothermal activity, which is 
evident from the presence of minerals such as tourmaline, 
the partial or complete replacement of plagioclase with 
calcite, the biotite with chlorite, and the occurrence of 
staurolite, zoïsite and sillimanite.

 The hydrothermal fluids carrying this mineralization 
are rich in Fe-silicates in veins, and the gold in the other 
facies is disseminated at the West Branch site. On the 
other hand, Piment mineralization is relatively related 
to BIF and is spatially associated with domains where 
relatively with high percentages of sulfide minerals 
(pyrite-pyrrhotite and arsenopyrite). The relatively iron-
rich nature of the BIF may have promoted sulfidation and 
gold mineralization. The latter is spatially associated with 
the shear system of the Tasiast structure in the main shear 
zone as well as in the late veins.

The volcano-sedimentary stratigraphy has been tightly 
folded isoclinally and is cut longitudinally by shears that 
are subparallel to the predominant foliation. Additionally, 
gold mineralization formed in a sinistral transtensional 
tectonic regime. These shears are generally 5 to 10 m 
wide and exhibit strong bedding and mylonitic textures 
with distinct signs of hydrothermal alteration and quartz 
veining that developed along or parallel to these structures. 
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These shears favored the circulation of hydrothermal 
fluids and gold mineralization.

The banded iron formation (BIF) rocks are particularly 
important and host most high-grade gold mineralization. 
Therefore, the metamorphic rock sequence hosting 
this mineralization is characterized by intense foliation 
marked by the presence of micas and amphiboles. 
Additionally, gold is associated primarily with sulfides in 
quartz veins, so sulfidation is considered a crucial process 
in ore formation.
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