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Abstract

With the aim to contribute to the search for the source of placer gold, the Les
Saras sector, located in the south-western part of the Republic of the Congo in
the Mayombe chain, has been the subject of a study aimed to characterize the
mineralogical composition of artisanally mined gold placers. Sediment sam-
ples collected from the local drainage system were analyzed using scanning
electron microscopy (SEM) and electron microprobe techniques. Results show
that the placers are mainly composed of oxides (ilmenite, cassiterite, columbo-
tantalite and rutile), followed by silicates (garnets), rare earths (monazite) and
native elements (gold). The ilmenites exhibit high TiO, (54 - 57 wt%) and FeO
(37 - 43 wt%) content, while rutiles are chemically pure. Garnets are classified
as almandine- and pyrope-type, and monazites show enrichment in lantha-
num (21 - 28 wt%) and cerium (8 - 11 wt%). The angular morphology of gold
grains suggests limited transport. Geochemical analyses reveal the presence of
Ag, Bi, and Cu as associated elements, along with a peripheral enrichment in
gold attributed to selective silver leaching. Two distinct types of gold grains
were identified based on fineness: 1) high-fineness grains (up to 988) with low
Ag content (<5%), and 2) low-fineness grains (as low as ~670) enriched in Ag
(20% - 33%). These compositional differences, along with the geochemical sig-
natures of the associated minerals, suggest two potential sources for the gold:
high-temperature hydrothermal systems for the first type and epithermal de-
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posits for the second. However, the limited number of analyzed grains for
some species points to the need for further analyses, including fluid inclusion

studies, to refine the interpretation of the deposit’s origin.
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1. Introduction

Placer deposits, formed through the weathering, transport, and accumulation of
materials derived from primary mineral sources, represent a significant source of
heavy minerals and precious metals such as gold, platinum, and tin [1]-[6]. These
gravity concentrated deposits, commonly found in drainage basins, play a crucial
role in mineral exploration due to their relatively easy accessibility and extraction
[7] [8]. In Central Africa, placers are often associated with the Precambrian base-
ment, where complex geodynamic processes have influenced mineral distribution.
The “Les Saras” area, located in the Mayombe mountain chain in southwestern
Republic of the Congo, lies within the eastern segment of the Araguai-West Congo
Orogen (A-WCO), a geological feature formed by the collision between the Congo
and Sdo Francisco cratons [9]-[11]. This region has experienced intense erosion,
promoting the development of placer deposits that have been exploited by arti-
sanal miners since the 1930s [12]-[16]. Although previous research has addressed
the region’s petrography, geochemistry, and geodynamic framework [17]-[22],
there remains a lack of detailed studies on the mineralogical assemblages of gold-
bearing placers, particularly within the Congolese portion of the Mayombe belt.
This gap limits our understanding of their composition, genesis, and depositional
history factors that are key to guiding future mineral exploration efforts in the
sector. The present study aims to characterize the placer deposits in the Loukenene
watershed by identifying the accessory minerals associated with gold and deter-
mining their possible sources. The findings will contribute to reconstructing the

geological history of these placers and evaluating their economic potential.

2. Geological Context

The Mayombe Mountain Range extends from eastern Brazil to the western mar-
gins of Central Africa. Studies conducted by [23] and [24] in Brazil, along with
research in Angola by [25] and in the Republic of Congo by [18], have demon-
strated that the Aracuai-West Congo Orogen (A-WCO) resulted from the colli-
sion between the Sao Francisco and Congo cratons. This tectonic event led to the
formation of Western Gondwana at the end of the Neoproterozoic. Subsequent
works by [26]-[30] have delineated the orogen along the African coastline, stretch-
ing from western Congo to southwestern Gabon and northwestern Angola (Fig-

ure 1). In the Republic of the Congo, the lithological assemblage of the Mayombe
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range consists of Paleoproterozoic formations in the west, gradually transitioning

eastward into Neoproterozoic units [18] [29]-[32].
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Figure 1. Geological map of the study area (adapted from [30], modified by [18] and [33]).

The Mayombe Belt is subdivided into three major domains: the central, west-
ern, and eastern domains [18] [26] [27] [33] [34]. The Les Saras sector is located
within the western domain, which is composed of Paleoproterozoic formations
belonging to the Loémé, Loukoula, and Bikossi groups. According to [31] [32]
[35], the Mayombe Group represents a post-rift sequence, consisting of quartzites
and schists of the Moussouva subgroup, which include glaciogenic deposits and
mudflows composed of black schist matrix embedding clasts and boulders of het-
erogeneous, sometimes heterometric and heteromorphic rocks. Recent mapping

work by [18] indicates that the internal domain of the Mayombe Belt can be sub-
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divided into two sectors. The first sector comprises two main groups: The Loémé
Group, consisting of schists, ortho- and paragneisses, intersected by the Bilinga
and Bilala metagranitoids, and The Loukoula Group, which includes paragneisses,
orthogneisses, mica schists, schists, amphibolites, and quartzites, locally intruded
by the Les Saras granodiorite [17]. In contrast, the second sector is composed by
the Bikossi Group, which covers the study area. This group is characterized by
quartzites, quartz schists, metaconglomerates, and, in some areas, mica schists
and garnet-bearing schists [18] [26] [31]-[34] [36] and [37]. Studies within this
group have identified two distinct mineral assemblages: One composed of garnet-

chlorite schists, and Another composed of garnet-biotite schists [33].

3. Methodology

In the field, the study involved the collection of samples using the alluvial pro-
specting method [38] [39]. Sampling was carried out within the hydrographic net-
work of the Les Saras sector, which includes the Loukénéné, Ntsou, Ntsibati, and

Tombo rivers (Figure 2).
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Figure 2. Location of sampling points.

The collected samples consisted of panned heavy mineral concentrates obtained
from fluvial sediments rich in heavy minerals. These samples were subsequently
dried and processed to isolate the heavy fraction using bromoform density sepa-
ration [38] [40] at the National Institute for Research in Exact and Natural Sci-
ences (IRSEN) in Pointe-Noire.

The heavy mineral description was performed under a binocular microscope
(MOTIC RED 308, 20X - 40X) at the laboratory of the National Institute for For-
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estry Research (IRF) in Brazzaville. This stage involved a morphological descrip-
tion and identification of the heavy minerals [39] [41]. Identified minerals were
mounted on adhesive slides for further investigation using scanning electron mi-
croscopy (SEM) and electron microprobe analysis at the GeoRessources labora-
tory in Nancy, France.

Semi-quantitative analyses were carried out by X-ray microfluorescence using
Bruker’s uXRF M4 Tornado, which is able to produce elemental chemical maps.
The samples, analyzed without prior preparation, were subjected to a vacuum of
20 mbar. Qualitative analyses were carried out using a JEOL JSM-7600F field
emission SEM equipped with an EDS-SDD detector. Analytical conditions in-
cluded an accelerating voltage of 15 kV and a beam current of 1 nA.

Polished sections were analyzed using a CAMECA SX100 electron microprobe
equipped with a wavelength-dispersive spectrometer (WDS) to determine the
chemical composition of mineral phases.

The analytical results were normalized and interpreted using geochemical dia-
grams appropriate to each mineralogical group (oxides, silicates, rare earth min-
erals, and native elements).

Analyses of the cores of polished gold grains allowed the calculation of gold
fineness using the following formula: Fineness (F) = (Au/(Au + Ag)) x 1000 [42]
[43], where Au and Ag are the gold and silver contents, respectively. The analytical

conditions for microprobe certification of results are listed in Table 1.

Table 1. Analytical conditions using electron microprobe for samples from the Les Saras sector.

. Pk Tin‘le Bg. Intensity
Elt  Line  Spec  Xtal  Peak  lime Calibration
Time/  Repeat Range/Channels (cps/nA)
S Ka Spl PET 61,448 10 5 Pyrite_20kV_SKa-Sp1-PET_FeKa-Sp3-LIF_001 273.6
Fe Ka Sp3 LIF 48,083 10 5 Pyrite_20kV_SKa-Sp1-PET_FeKa-Sp3-LIF_001 205.1
Co Ka Sp3 LIF 44,432 20 10 Co_20kV_CoKa-Sp3-LIF_001 505.8
Cu Ka Sp5 LLIF 38,325 10 5 Chalcopyrite_20kV_CuKa-Sp5-LLIF_001 505.8
Au La Sp5 LLIF 31,764 20 10 Au_20kV_AuLa-Sp5-LLIF_001 277.9
Ni Ka Sp5 LLIF 41,219 20 10 Ni_20kV_NiKa-Sp5-LLIF_001 1096.0
Zn Ka Sp3 LIF 35,640 20 10 ZnS_20kV_ZnKa-Sp3-LIF_001 250.2
As La Sp2 TAP 37,604 20 10 AsGa_20kV_AsLa-Sp2-TAP_001 209.2
Ag La Sp4 PET 47,489 20 10 Ag 20kV_AgLa-Sp4-PET_001 144.9
Sb La Spl PET 39,307 20 Spl Sb2S3_20kV_SbLa-Sp1-PET_001 291.7
Pb Ma Sp4 PET 60,435 20 10 Galéne_20kV_PbMa-Sp4-PET_001 77.7
Bi Ma Spl PET 58,517 20 10 Bi_20kV_BiMa-Sp1-PET_001 129.3
Elt: element; Spec: spectrum.
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4. Results
4.1. Description and Identification of Heavy Minerals

From the 4170 heavy mineral grains analyzed for the Les Sarras gold placers, cas-
siterite is the most abundant at all sites, followed by garnet, ilmenite, rutile, co-
lumbite-tantalite, monazite and gold (Figure 3).
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Figure 3. Grain count by mineral species according to the sites.
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Figure 4. Morphological characteristics of the studied grains: (A) Ilmenite, (B) Rutile, (C)
Cassiterite, (D) Garnet, (E) Monazite, and (F) Gold.

The description and identification of mineral species were based on their mor-
phological characteristics (transparency, color, shape/section, luster, and other
features). Based on these criteria, seven mineral species were identified: four spe-

cies from the oxide group (ilmenite, rutile, cassiterite, and columbo-tantalite), one
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species from the silicate group (garnet), one species from the rare earth elements
group (monazite), and one species from the native elements group (gold). Ilmen-
ites are opaque, dark grey in color, elongated rhombohedral tablets with longitu-
dinal striations; the edges are either sharp or sub-angular; the luster is metallic,
and the grains are very weakly magnetic (Figure 4(A)). Rutile grains are opaque,
dark-gray prisms with an elongated, flattened shape and a metallic luster (Figure
4(B)). Cassiterite grains are opaque, dark brown, angular in shape, with a metallic
luster, displaying both longitudinal and transverse striations (Figure 4(C)). Gar-
nets are translucent, pink in color, sub-angular and elongated in shape, with a
vitreous luster (Figure 4(D)). Monazites are translucent, yellow brown in color,
sub-angular and elongated, with a greasy to vitreous luster (Figure 4(E)). Gold
grains are opaque, metallic yellow in color, flattened, sub-crystalline, with very
irregular outlines, a metallic luster, and show phenomena of peptization, quartz

grain inclusions, and impact marks (Figure 4(F)).

4.2. Geochemistry of Heavy Minerals

Geochemical analyses show that the placers are dominated by oxides, notably il-

menite, cassiterite, columbo-tantalite, and rutile.

4.2.1. Oxides Group
The oxides are dominated, in order of abundance, by cassiterite, ilmenite, rutile,
and columbotantalite. The cassiterite grains, with an average composition of
97.3% by weight of SnO,, exhibit trace amounts of significant concentrations of
Nb and Ta. The niobium pentoxide (Nb,Os) shows average concentrations of 0.2%
by weight, tantalum pentoxide (Ta,0s) 0.33% by weight, MnO 0.03% by weight,
and FeO 0.18% by weight (Table 2). Normalization to Apfu reveals a bimodal
distribution of trace elements, suggesting a dual origin (magmatic and metamor-
phic). Ilmenites show average concentrations of 56.4% by weight of TiO,, and
41.4% by weight of FeO. The trace elements indicate an abundance of tungsten
oxide (WOs) at 0.11% by weight, uranium oxide (UO,) at 0.04%, and chromium
oxide (Cr,03) at 0.02% by weight (Table 2). Furthermore, the presence of zirco-
nium oxide (ZrO) at an average concentration of 0.06% by weight suggests the
presence of zinciferous ilmenites in the area [44]. Zinciferous ilmenite develops
during contact metamorphism associated with granite intrusions [44]. The TiO,
content of rutile reaches an average of 96.5% by weight. The trace elements iden-
tified in rutile grains show average concentrations of 0.97% by weight of iron,
0.69% by weight of niobium, and 0.04% by weight of tantalum (Table 2). The
presence of these elements helps determine the origin and formation conditions
of the rutile.

Ilmenites exhibit very low proportions of MnO and MgO (ranging from 0.4 to
3 wt% and 0.02 to 0.2 wt%, respectively), suggesting a possible partial substitution
of Fe** by Mg*" and Mn** within the ilmenite structure (Figure 5(A)). However,
this substitution is more strongly influenced by increasing temperature than by

pressure during metamorphism [44].
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Table 2. Average chemical composition of oxides in % by weight analysed in the Les Saras sector.

Analyses (W%) Ilmenite (N = 25) Rutile (N = 23) Cassiterite (N = 25)
TiO: 55.7 96.5 0.03
FeO 40.89 1.01 0.19
MnO 1.27 0.04 0.03
MgO 0.12 0.05 0.12
Nb2Os 0.09 0.72 0.21
Tax0s 0.04 0.35
SnO» 0.03 98
ZrOs 0.06 0.13
ALOs 0.32 0.1 1.12
SiO, 0.11 0.04 0.25
Cr20; 0.02 0.17 0.02
WOs 0.11 1.18
UO0: 0.04 0.13 0.04
CaO 0.37
Ce205 0.07
Total 98.73 100.14 100.80
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Figure 5. (A) Binary diagram showing the contents (wt%) of MnO vs FeO% in ilmenite grains; (B) Ternary
diagram showing the contents (wt%) of Ti, Fe and Nb + Ta in rutile grains; (C) Binary diagram showing
the distribution of Mn + Fe vs Ta + Nb content of normalized trace elements (APFU) in cassiterite grains.

DOI: 10.4236/0jg.2025.155014 292 Open Journal of Geology


https://doi.org/10.4236/ojg.2025.155014

I. Nguelet-Moukaha et al.

FeO is present in low concentrations (0.2 to 3 wt%) in rutile, along with trace
amounts of Nb,Os and ZrO,, suggesting high-pressure formation conditions (Fig-
ure 5(B)).

High concentrations of Mn and Fe are observed in some cassiterite grains, while
others show elevated Nb and Ta contents (Figure 5(C)). This may reflect distinct
hydrothermal and magmatic origins.

The analyzed columbo-tantalite grains reveal two distinct groups. The first
group is characterized by very high concentrations of niobium pentoxide (Nb,Os),
ranging from 67.8 to 71.18 wt%, and low concentrations of tantalum pentoxide
(Ta;0s), between 4.5 and 6.4 wt% (Figure 6). The second group shows high Ta,Os
contents, ranging from 62.21 to 75.28 wt%, and lower Nb,Os contents, between
7.42 and 10.10 wt% (Table 3).

Figure 6. Chemical composition of columbite-tantalite grains observed by SEM. (A) Nio-
bium-rich Colombo-tantalite grain, Sp 120, Sp 121 and Sp 122 analysis spectra; (B) Tanta-
lum-rich columbite-tantalite grain, Sp 127 and Sp 128.

The niobium and tantalum contents suggest the presence of two distinct co-
lumbo-tantalite populations. One is niobium-rich (columbite), with FeO contents

ranging from 16.33 to 16.63 wt%, corresponding to the ferrocolumbite group. The
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other is tantalum-rich (tantalite), with FeO contents between 14.03 and 18.46
wt%, representing the ferrotantalite group [45]. The TiO, concentrations (0.75 -
0.85 wt%) in the first three samples and those (0.22 - 9.99 wt%) in the last two,
along with Mn# values (7.80 - 8.62) for the first group and Ta# values (84.43 -
89.93) for the second, suggest a diversity of origins for the columbo-tantalite [46]
[47]. This diversity may be linked to granite intrusions (Les Saras granite and
Mfoubou granite) previously reported in the area by [17]-[22]. The second group

could serve as a guide for tantalum exploration in the sector.

Table 3. Chemical composition of Colombo-tantalite grains normalised to 6 oxygen atoms.

SS-NTS1 SS-NTS2 SS-NTS3  SS-NTSAF1 SS-NTSIA

Analyses
Colombite Colombite Colombite  Tantale Tantale
TiO2-W% 0.75 0.88 0.85 0.22 9.99
SnO, - - - 0.96 0.54
FeO 16.63 16.53 16.33 14.03 18.46
MnO 1.39 1.54 1.44 0.24 0.01
Ta>0s 7.29 10.1 7.42 75.28 62.21
Nb.Os 71.14 67.8 71.18 8.35 4.19
ZrO2 0.16 0.12
AlLOs - 0.08 0.32 0.59 0.43
WOs3 1.24 1.29 1.81 0.21 0.28
MgO 0.39 0.43 0.47 0.08 0.1
Total 98.99 98.77 99.82 99.96 96.21
Al-apfu 0.0 0.0 0.0 0.0 0.0
Site A 0 0 0 0 0
Fe 0.81 0.82 0.79 0.94 1.17
Mn 0.07 0.08 0.07 0.02 0.00
Mg 0.00 0.00 0.00 0.00 0.00
Site B 0.88 0.9 0.86 0.96 1.17
Ti 0.03 0.04 0.04 0.01 0.57
Sn 0.00 0.00 0.00 0.03 0.02
Ta 0.12 0.16 0.12 1.64 1.29
Nb 1.88 1.82 1.86 0.30 0.14
Zr 0.00 0.00 0.00 0.00 0.00
w 0.00 0.00 0.00 0.00 0.00
Site C 2.03 2.02 2.02 1.98 2.02
Total 291 2.92 2.88 2.94 3.19
Ta# Ta/(Ta + Fe) 5.81 8.22 5.90 84.43 89.93
Mn# Mn/(Mn + Nb) 7.80 8.62 8.20 1.70 0.05

Apfu: Analyses of Atoms per Formula Unit.

4.2.2. Silicate Group

Among the silicate group, only garnet was analyzed. The results show that the
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garnets exhibit high FeO contents (29 - 36 wt%) and MgO contents (3 - 6 wt%)
(Table 4), along with low MnO (1.0 - 1.3 wt%) and CaO (1.0 - 1.09 wt%) contents,
indicating that the garnets are depleted in Mn** and Ca*".

Table 4. Chemical composition of garnet grains analysed on the basis of 12 carbon atoms.

SS-NTS2  SS-NTS1 SS-NTSAF SS-NTS3 SS-NTSAF1 SS-NTSAV SS-NTSIE SS-NTS4  SS-NTSIAV

Analyses

Grenat Grenat Grenat Grenat Grenat Grenat Grenat Grenat Grenat

Si02-W% 38.96 56.07 37.97 38.96 56.07 37.19 38.17 37.96 39.14
ALOs 19.21 10.45 21.94 19.21 10.43 20.97 20.17 19.49 19.81
FeO 33.65 28.85 31.83 33.63 28.85 35.56 35.12 35.66 3447
MnO 0.762 0.45 1.3 0.76 0.44 0.57 0.82 0.87 0.92
MgO 6.42 341 5.86 6.42 341 4.77 4.89 4.97 4.62
CaO 1.02 1.01 1.09 1.02 1.02 0.95 0.89 1.09 1.01
Na.O 0 0.02 0 0 0.02 0 -0.01 0.019 0.02
K0 -0.01 —-0.03 0 —-0.01 0.02 —-0.03 -0.01 0 -0.01

P20s 0 0 0 0 0 0 0 0 0

TiO: 0.01 0.16 0 0.01 0.17 0.01 —-0.04 -0.01 0.02
Total 100 100 100 100 100 100 100 100 100
Ca-apfu 0.09 0.08 0.09 0.09 0.08 0.08 0.08 0.09 0.09
Si 3.09 4.18 2.99 3.09 4.18 2.98 3.05 3.05 3.11

Al 1.8 0.92 2.04 1.8 0.92 1.98 1.9 1.84 1.86

Fe 2.23 1.8 2.1 2.23 1.8 2.38 2.35 2.39 2.29

Mn 0.05 0.03 0.09 0.05 0.03 0.04 0.06 0.06 0.06
Mg 0.76 0.38 0.69 0.76 0.38 0.57 0.58 0.59 0.55
%Almandin 71.3 78.7 70.7 71.3 78.7 77.5 76.7 76.4 76.7
%Pyrope 24.3 16.6 23.2 24.3 16.6 18.5 19.0 18.7 18.3
%Grossulaire 2.8 3.5 3.1 2.8 3.5 2.7 2.5 3.0 2.9
%Spessartine 1.6 1.1 2.9 1.6 1.1 1.3 1.8 1.9 2.1

Figure 7. Position of the garnets analysed in the ternary diagrams of [49] [50]: (A) almandine-pyrope-gros-
sulaire and (B) almandine-spasartine-grossulaire (normalised apfu content).
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These compositions suggest that the garnets are primarily of the almandine
(Alm) and pyrope (Pyr) types (Figure 7). Trace elements include low concentra-
tions of MnO and CaO (1.0 - 1.27 wt% and 1.0 - 1.07 wt%, respectively), confirm-

ing their metamorphic origin [48].

4.2.3. Rare Earths Group

The rare earth element group is represented by monazite. Monazite grains are en-
riched in P,Os (29 - 37 wt%) and exhibit high concentrations of lanthanum (21 -
28 wt%) and cerium (8 - 11 wt%). The weak correlation between CaO and P,0s
concentrations suggests chemical zoning, reflecting variations in the formation

environment (Figure 8).

(R2=0.222)
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Figure 8. Binary diagram P,Os vs CaO showing the distribution of concentrations in mon-
azite grains in wt%.

4.2.4. Native Elements Group
Gold is the principal native element observed in the Les Saras placers. The gold

grains exhibit well-defined angular features (Figure 9).

$4800 5.0kV 15.1mm x150 SE(M)

Figure 9. SEM angular gold grains.
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Table 5. Electron microprobe chemical analysis results of gold grains.

Samples

1-L1-1C
1-L1-2C
1-L1-3C
1-L1-4C
1-L1-5C
1-L1-6C
1-L1-7C
1-L1-8C
1’-L1-9C
I’-L1-10C
I’-L1-11C
I’-L1-12C
1’-L1-13C
1’-L1-14C
1’-L1-15C
I’-L1-16C
I’-L1-17C
I’-L1-18C
1’-L1-19C
1’-L1-20C
1’-L1-21C
1’-L1-22C
1’-L1-23C
1’-L1-24C
Min
Maxi

Moyenne

Mineral

Electrum
Electrum
Native gold
Native gold
Native gold
Electrum
Native gold
Native gold
Native gold
Native gold
Native gold
Native gold
Native gold
Electrum
Native gold
Native gold
Native gold
Electrum
Native gold
Electrum
Native gold
Native gold
Native gold
Native gold

Au
75.66
75.69
96.24
88.67
88.25
67.74
96.98
97.02
98.47
88.56

97.3
97.76
84.48
79.52
81.47
94.94
94.75
78.36
83.52
77.45
92.04
92.01
91.27
92.53
67.74
98.47
87.94

Results (wt%) Fineness
Au/Ag

Ag Bi As Cu Fe Co Sb  (Au/(Au + Ag))*1000
23.79  0.54 0.00 0.00 0.00 0.00 0.00 761 3.2
23.04 0.67 0.00 0.00 0.00 0.00 0.00 767 3.3
2.79 0.76 0.00 0.00 0.00 0.00 0.00 972 34.5
11.81 0.73 0.02 0.32 0.00 0.00 0.00 882 7.5
11.7 0.7 0.02 0.32 0.00 0.00 0.00 883 7.5
3342 0.42 0.01 0.00 0.00 0.00 0.00 670 2.0
1.35 0.99 0.02 0.67 0.00 0.00 0.00 986 71.8
1.13 0.55 0.02 0.66 0.00 0.00 0.00 988 85.9
1.85 0.82 0.01 0.00 0.00 0.00 0.00 982 53.2
11.01 0.73 0.00 0.00 0.00 0.00 0.00 889 8.0
2.95 0.71 0.00 0.03 0.02 0.00 0.00 971 33.0
2.3 0.57 0.00 0.02 0.00 0.00 0.00 977 42.5
16.81 0.63 0.00 0.00 0.00 0.00 0.02 834 5.0
21.86 0.74 0.00 0.00 0.00 0.00 0.00 784 3.6
19.02  0.52 0.00 0.00 0.00 0.00 0.06 811 4.3
6.39 0.68 0.00 0.00 0.00 0.00 0.00 937 14.9
5.01 0.69 0.00 0.03 0.00 0.00 0.02 950 18.9
22.28 0.48 0.00 0.00 0.00 0.00 0.00 779 3.5
16.91 0.64 0.00 0.00 0.00 0.00 0.00 832 4.9
24.01 0.64 0.00 0.00 0.00 0.00 0.00 763 3.2
8.08 1.01 0.01 0.00 0.00 0.00 0.00 919 11.4
8.89 0.94 0.00 0.00 0.00 0.00 0.00 912 10.3
8.91 0.68 0.00 0.00 0.00 0.03 0.00 911 10.2
7.87 0.54 0.00 0.00 0.00 0.00 0.00 922 11.8
1.13 0.42 0.00 0.00 0.00 0.00 0.00 670 59.9
33.42 1.01 0.02 0.67 0.02 0.03 0.06 988 2.9
12.22  0.68 0.005 0.09 0.001 0.001 0.004 878 7.2

The chemical composition of gold grains from the Les Saras area (Table 5) re-
veals that the gold is primarily alloyed with silver, bismuth, copper, and traces of
arsenic, cobalt, and antimony. The gold (Au) content in the analyzed grains ranges
from 67.74% to 98.47%, with a high average of 87.94%. Conversely, silver (Ag)
content varies inversely from 1.13% to 33.42%, with an average of 12.22%. This
negative correlation between gold and silver contents reflects a wide composi-
tional range, from nearly pure gold to silver-rich electrum. A similar inverse rela-
tionship is observed between fineness and silver content: the higher the Ag con-

tent, the lower the fineness. This relationship is expected, as fineness is directly
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defined by the relative proportion of gold in the alloy, making it a key indicator
for estimating the formation temperatures of gold grains [51]. Figure 10 illustrates
this relationship between gold and silver contents and inferred formation temper-
atures. The data points from the Les Saras samples are distributed primarily be-
tween the medium- and high-temperature fields, indicating variability in metal-
logenic conditions. This trend supports previously suggested differences in for-
mation contexts [20]-[22]. Bismuth (Bi) is detected in low amounts, ranging from
0.42% to 1.01%, suggesting a minor association with hydrothermal processes [43]
[51] [52]. Additionally, trace elements such as arsenic (As), copper (Cu), iron (Fe),
cobalt (Co), and antimony (Sb) are present in concentrations below 0.1%. Alt-
hough their levels are low—which is typical for native gold—their presence re-
mains significant, as they provide insight into the formation conditions of the au-
riferous mineralizations (Figure 10). In this study, the fineness of the gold grains
ranges from 670 to 988, with an average of 878 (Table 5). Fineness values below
800 correspond to silver-rich electrum, while values above 900 indicate nearly pure
gold. This bimodal or scattered distribution suggests multiple primary sources for
the gold grains, implying at least two distinct types of deposits [51] [52]. Regard-
ing the Au/Ag ratio, values range widely from 2.0 to 85.9, with an average of 7.2.
This ratio is a useful indicator of the nature and origin of the gold [51]-[53]: high
values (>30) are indicative of very pure gold, typically associated with hypogene
deposits, whereas low values (~2 - 4) are characteristic of silver-rich electrum,

which may originate from polymetallic sulfide deposits or near-surface altered

zones [52].
100 = high temperature (>300°C)
% T medium temperature (100~300°C)
80 +
low temperature (<100°C)
70T
RN
S 60+
<
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40 4+
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Figure 10. Position of Les Saras gold grains in the correlation diagram between gold and
silver content and mineralization temperature [51].
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Table 6 shows that at the grain boundaries, the gold content varies from 50.6%
to 100% (average 93%), silver content ranges from 0.16% to 49.1% (average 7%),
and bismuth content varies from 0.46% to 0.9% (average 0.72%). The composition

suggests leaching of the chemical elements accompanying the gold [51]-[53].

Table 6. Results of chemical analysis of gold grains (analysed in the centre and at the edge).

Chemical composition Nb 165 Au Ag Bi As Cu Sb
Mean Centre 88 12.2 0.68 0 0.09 0

Standard deviation 8.53 8.88 0.15 0.01 0.2 0.01
Min 67.7 1.13 0.42 0 0 0

Max 98.5 334 1.01 0.02 0.67 0.02

Mean Edge 93.4 6.96 0.72 0 0 0.01

Standard deviation 11.2 11.1 0.13 0.01 0.01 0.02
Min 50.6 0.16 0.46 0 0 0

Max 100 49.1 0.9 0.02 0.04 0.05

5. Discussion

The interpretation of this study’s results will focus on the origin and emplacement
mechanisms of the Les Saras gold placers. Subsequently, prospects for mineral ex-

ploration will be outlined.

5.1. Mineral Characterization and Origin

Geochemical analyses show that the minerals accompanying the gold in the Les
Saras placers provide information about the phenomena that led to the genesis of
the source rocks.
¢ Ogxides

The ilmenites rich in TiO, and FeO, along with the nearly pure rutile, indicate
high-temperature and high-pressure metamorphism, as previously demonstrated
in the work of [18] on the Mayombe. The cassiterites, on the other hand, exhibit
a dual origin: grains enriched in Nb and Ta suggest a magmatic origin, while those
rich in Mn and Fe point to a hydrothermal contribution [54]. The columbotanta-
lites display reasonable concentrations of niobium and tantalum in the grains, but
the small number of grains analyzed does not allow for hypotheses to be made
regarding their origins.
o Silicates and rare earths

Almandine-pyrope garnets and monazites enriched in lanthanum and cerium
confirm high-temperature metamorphism [48]-[50] and [54]. The zonations ob-
served in monazite grains reflect variations in chemical composition linked to dis-
tinct crystallization cycles.
e Gold

The strongly angular morphology of the gold grains indicates limited transport

within the basin, as suggested by the works of [55]-[62]. The geochemical signa-
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ture, predominantly composed of Au, Ag, Bi, Cu, and Sb, reveals chemical homo-

geneity at the core of the grains and an enrichment in gold at the boundaries com-

pared to the center. This phenomenon is attributed to the selective dissolution of
the gold’s accompanying elements in the grains [63] [64]. The geochemical signa-

ture of the gold grains in the Les Saras area, along with their fineness, suggests a

dual origin:

¢ A hydrothermal origin, as confirmed by the characteristics visible in Figure
11, typical of epithermal gold-rich deposits. Such deposits are well documented
in China [51], Russia [57], Canada [60] [64], Chile [65], as well as in Mayombe,
where they are considered by [33]. This hypothesis aligns with the conclusions
of [15], made on a larger scale across the Mayombe chain.

e A differentiated thermometric origin, revealed by the analysis of the gold fine-
ness: fineness values below 800 correspond to argentiferous electrum, typically
formed in low-temperature epithermal environments [51] [52] [64]. Con-
versely, values above 900 indicate nearly pure gold, typical of mesothermal to
hypothermal genesis, meaning at higher temperatures and depths [64] [66]
[67].

These two types of signatures suggest the existence of at least two primary
sources, corresponding to two distinct types of deposits. This hypothesis is further
supported by the simultaneous observation of two types of grains within the same
basin: (i) electrum grains with silver content > 15% and fineness < 850; and (ii)
native gold grains with silver content < 10% - 15% and fineness > 850. According
to [51] [52] [68] [69], this coexistence in the same sedimentary environment con-
stitutes a strong indication of a dual origin, reflecting the overlap of metamorphic

and hydrothermal processes.

Epithermal
deposits

dep0s1t

10

Agx10 é%%‘xz%v’oso

Figure 11. Position of the chemistry of the grains analysed in the Au-(Ag x 10) -(Cu x 100)
ternary diagram [64] showing a position in the gold-rich epithermal deposits.

e Composition and Fineness of Gold Grains from the Les Saras Area
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Geochemical analyses highlight two types of gold grains in the Les Saras sam-
ples: native gold grains, characterized by high fineness (up to 988) and silver con-
tent below 5% (Table 5). This type of gold is typical of high-temperature hydro-
thermal deposits. On the other hand, electrum-type gold grains display lower fine-
ness (down to ~670) and elevated silver content, between 20% and 33% (Table 5).
These grains generally form in shallower, more oxidizing conditions or in silver-
enriched environments (Figure 12) [51] [52]. Additionally, the presence of rela-
tively high bismuth concentrations (~0.5% to 1%) also suggests a possible mag-
matic origin. This chemical signature may indicate an association with bismuth-
bearing mineralization linked to magmatic intrusions of the gold-bismuth type.
The lack of previous data on gold fineness in the Les Saras area makes these results
particularly valuable. Indeed, they provide the first insights into the formation
temperatures of gold based on observed fineness values [51]. The data indicate
that the presumed gold deposits in the study area formed at high temperatures
and considerable depth. The gold present in the ores appears to have high fine-
ness, characteristic of Paleoproterozoic metamorphic rock series belonging to the
Loeme, Loukoula, and Bikossi groups. It is also likely that multiple and prolonged
metallogenic events contributed to the transformation, purification, and progres-
sive enrichment of the gold. This secondary enrichment possibly results from
leaching, particularly observable at the grain boundaries, which removes impuri-
ties from the primary gold-bearing minerals. This process increases the gold fine-
ness and alters its geochemical signature. Finally, it is observed that ores poor in
sulfides generally display higher fineness compared to those rich in sulfides, con-
firming the influence of formation conditions [42] [43] [51] [52]. Figure 12 clearly

illustrates the relationship between fineness and temperature in auriferous min-

eralizations.
high temperature (>300°C
1000Pa D i ( )
900 1= medium temperature (50~300°C)
8
S 800 +
o
=
700 4
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Figure 12. Position of Les Saras gold grains in the correlation diagram between gold fine-
ness and mineralization temperature [51] [52].

5.2. Geological Processes

Impurities observed in gold grains provide valuable insights into the depositional

environment and the nature of the source fluids. The results obtained suggest that
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the Les Saras area was influenced by several successive geodynamic events, includ-
ing regional metamorphism, hydrothermal activity, and various depositional pro-
cesses. The mineralogical characteristics of ilmenites and garnets confirm the
presence of high temperature regional metamorphism, consistent with the re-
gional tectonic framework described by [22] and [32]. Moreover, the enrichment
in niobium (Nb), tantalum (Ta), and rare earth elements (REE) detected in the
studied grains indicates the involvement of hydrothermal fluids associated with
magmatic intrusions. The analysis of gold grain fineness supports the hypothesis
of a polymetallic system with a dual origin, involving two distinct types of gold
mineralization:

1) Magmatic-hydrothermal origin (high temperature): This type is character-
ized by very pure native gold (fineness > 950), frequently associated with quartz
veins located near felsic intrusions (granitoids, tonalites), formed under hypother-
mal conditions, at great depth and high temperature (Figure 12). This interpreta-
tion aligns with the observations reported by [20]-[22]. The presence of bismuth
as a trace element in some gold grains suggests a gold-bismuth mineralization type
linked to intrusive settings, as discussed by [51] and [52].

2) Volcanogenic or sedimentary origin: This second type is represented by elec-
trum with low fineness (670 - 780), enriched in silver, formed under low-temper-
ature conditions. It is typically associated with sulfide mineralization or secondary
alteration processes affecting originally silver-rich rocks. This kind of gold is typ-
ical of epithermal transition zones, often located in volcanic settings or reworked
sedimentary basins [52]. However, the mineralogy observed shows no sulfides,
and there is no evidence of a link with a sedimentary basin. An exhaustive study
of the mineralogical record and fluid inclusions is needed to elucidate this prob-
lem.

The coexistence of these distinct geochemical signatures within the same area
in Les Saras strengthens the hypothesis of a complex metallogenic system involv-
ing multiple mineralizing phases, combining deep-sourced inputs with shallow

remobilization processes.

5.3. Outlook for Mining Explored

The geochemical and morphological characteristics of the Les Saras placers pro-
vide valuable clues for mineral exploration. The angular morphology of the gold
grains indicates proximity to primary sources. The geochemical signatures of
gold, oxides, and silicates suggest a magmatic-hydrothermal and/or volcano-sed-
imentary origin. These findings can inform exploration efforts within the Loukenene
watershed and surrounding areas, supporting the identification of potential tar-
gets for exploitation through the application of these signatures in geochemical
prospecting.

These results contribute to a better understanding of the mineralogical distri-
bution and geological processes that have influenced the Les Saras placers. Addi-

tional analyses will further enhance the interpretation of the origin and mining
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potential of these formations.

6. Conclusion

This study has enabled the characterization of the gold placers in the Les Saras
area, located in the southwest of the Republic of Congo, by identifying their main
constituent minerals and tracing their probable geological origin. The results
show that the placer mineral assemblage is dominated by oxides (ilmenite, rutile,
cassiterite) and includes silicates (garnet), rare earth elements (monazite), and na-
tive elements (gold). The morphological characteristics and geochemical signa-
ture of the gold grains, along with those of the oxides and silicates, support the
hypothesis of an origin linked to epithermal gold-rich deposits. However, the
mineral assemblage suggests a mixture of sources: a deep, intrusive, high-temper-
ature source associated with pure native gold enriched in Bi, and a supergene or
epithermal source linked to more superficial, silver-rich (electrum) mineraliza-
tions. These findings highlight the need for continued exploration of gold-bearing
targets in the area. The angular morphology of the gold grains indicates limited
transport, suggesting proximity to primary deposits. These observations, com-
bined with the geochemical signatures of oxides and silicates, further support an
epithermal origin. These results offer promising prospects for mineral exploration
in the Loukenene watershed. The accompanying minerals identified, together
with their geochemical signatures, are valuable tools for directing future prospect-
ing campaigns. Further studies should focus on:

o A detailed analysis of fluid inclusions within the placer mineral assemblage.

e Geological and geochemical mapping of adjacent areas to locate primary

sources.
e Assessment of the mineralogical and economic potential of the placers at the

local scale.
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