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Abstract

The present study, which focuses on the behavior of gold and its accompanying chemical elements developed on an
alteration profile, is carried out in a humid equatorial zone at Mintom in South Cameroon (Central Africa). The
methodology used to achieve the results obtained focused on the description of the morphology of the outcrop, the
petrography of the rock studied, the study of heavy minerals accompanying gold in the weathering materials on smear
slides, mineralogical analysis of weathering materials by X-ray diffraction (XRD), scanning electron microscopy (SEM)
analysis of gold and geochemical analyzes by ICP - AES and ICP - MS of weathering materials. The main results obtained
from this methodology inform us that on the petrographic level the main rock studied is the gold-bearing quartz vein
located in Zom, consisting mainly of quartz and opaque minerals. Morphologically, the weathering materials developed
on this granite basement present an advanced ABC-type profile characterized by a significant thickness (4 to 6 m). The
morphological and chemical characters of the gold particles have evolved from the mineralized zone to the surface. This
development was marked by an increase in blunt, rounded grains. Morphoscopy and scanning electron microscopy of the
gold particles have shown hollow, blunt to sub-blunt grains, non-evolved free particles, and evolved free particles,
respectively. In most samples of weathered material gold is found in association with chemical elements such as Ag, Cr,
Co, Cu, Ni, V and figure 10 show identical behavior between these chemical elements and gold, but particularly between
silver and gold, which would testify to an identical origin. Au concentrations are very high in most samples of weathering
material. Also, these samples of altered materials with a high proportion of gold (0.01 to 2.28 ppm) also present high
concentrations of silver (Ag) which justifies that the occurrence or the gold deposit is associated with silver and can be
exploited as a geochemical parameter to prospect for gold in the study area.

Keywords: Equatorial Zone, Gold, Granitic basement, Mintom, Quartz vein, Weathering
1. Introduction

The vertical distribution of gold and its mobility in surface and sub-surface environments associated with weathering
processes have been well studied by many authors in recent decades (Baker, 1978; Mann, 1984; Webster et Mann, 1984;
Andrade et al., 1991; Benedetti and Boulégue, 1991; Bowell et al., 1993a, 1993b; Colin et al., 1993; Leybourne et al.,
2000; Aleksandrov, 2007; Myagkaya et al., 2016a, 2016b). However, large tropical areas are largely covered by a thick
mantle of lateritic weathering (Andrade et al., 1991; Colin and Vieillard, 1991; Leybourne et al., 2000; Dold and Fontbot&
2002; Al et al., 2006; Mbenoun et al., 2013; Myagkaya et al., 2013; Myagkaya et al., 2016a, 2016b; Tehna et al., 2019)
developed on various rocks and a small part of which could be gold bearing. The behavior of gold, its mobility and its
distribution in this landscape have been sufficiently studied (Edou-Minko, 1989; Freyssinet et al, 1989b; Colin &
Vieillard, 1991; Edou-Minko et al., 1992; Colin, 1992; Colin et al., 1993; Mbenoun et al., 2013).

The morphology, mineralogy and geochemistry of gold particles have been also studied (Stoffregen, 1986; Freyssinet et
al., 1989; Colin and Vieillard, 1991; Bowell, 1992; Colin et al., 1997; Oliveira and Oliveira, 2000; Kalinin et al., 2009;
Hough et al., 2011; Fairbrother et al., 2012; Yesares et al., 2015; Shuster et al., 2016). In addition, gold mobility occurs
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through very short-distance transfers or occurs in situ in weathering patterns (Stoffregen, 1986; Bowell, 1992; Bowell et
al., 1993b; Varaj&o et al., 2000). Therefore, Varajéb et al. (2000) showed that the distributions of gold grades of weathered
rocks are controlled by hydrothermal distribution processes. However, the behavior of gold and its accompanying
elements vary according to geological, geomorphological and bioclimatic contexts. The objective of this study relates to
the behavior of gold and its accompanying chemical elements in a weathering profile on a quartz vein at Mintom
(Cameroon, Central Africa).

2. Geographical and Geological Setting

The study area is located in South-Cameroon, in the Dja and Lobo department, in the Dja valley, in the middle of the
equatorial forest. Its geographic coordinates are 02<30" and 02°45" North Latitude and 13<15" and 13°30" East
Longitude (Figure 1). The region has a sub-equatorial climate (Suchel, 1972). The study area is a large area extending
from the Atlantic coast in the west to the Congo Basin in the east. It is essentially made up of pyroxene and biotite granites,
biotite and amphibole granites, pink granite, charnockites, migmatites and quartz veins (Figure 2). These geological
formations belong to the Congo Craton, made up of crystalline rocks of Archean and Neo-Proterozoic crystallophyllian
ages and sedimentary Precambrian formations of the upper Dja series (carbonate rocks and pelites) (Vidal, 1933). Vidal
(1933) showed that these lithological formations are fractured and marked by a tectono-metamorphic evolution.
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3. Materials and Methods

A study was carried out in the Zom gold zone located about 17 km from the town of Mintom. This area was highlighted by
a craft activity. Thus, a representative profile located on the upper slope of an interfluve can be observed by digging a well
in the alteration materials developed on a vein of gold-bearing quartz. The observation of gold-bearing quartz veins was
carried out following systematic prospecting carried out in the study area by following the network of quartz veins along
the valley to the slopes of the hill. The horizons of this profile have been differentiated according to their color (using the
Munsell Code), their texture, their thickness and the elements represented. In total, six samples were taken from this
profile, including the underlying bedrock which is a quartz vein. Several analyzes were carried out on these samples, in
this case the mineralogical and chemical analyzes. The materials from each horizon were breaded to determine the
mineralogy of heavy minerals present in the sand fraction. Heavy minerals present were identified using the Duplex
technique (1958) and gold grains were manually selected.
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Figure 2. Geological map of the study area (after Gazel et al., 1956; modified)

On altered materials, mineralogical surveys were carried out at the Research Institute for the Development (IRD), France,
on bulk samples using a Briker D8 ADVANCE diffractometer with a copper source (I = 1.5489 A) at 40 kV and 30 mA.
The exposure time for the qualitative analysis was 2 hours. The samples were sprayed in an agate mortar; the resulting
powder was taken from a piece of tape before being irradiated with Cu Ka radiation in the diffractometer. The resulting
diffraction spectra were compared to a computerized database of common minerals, and the automatic mineral pairing
function was aided by the operator's identification of phases consistent with the known compositions of the materials. The
phase proportions were estimated by the peak matching program without calibration on synthetic mixtures of known
phase proportions. The geochemical analyzes were carried out at the ALS Chemex laboratories in Pretoria, South Africa.
The homogenized powder from these sample batches was dissolved by an acidic digestion procedure with HF, HNO; and
HCIO,, then chemically analyzed for major elements by inductive plasma atomic emission (ICP-AES). The trace
elements were analyzed by inductive plasma mass spectrometry (ICP-MS). In fact, the same mixed acid (HF + HNO; +
HCIO,) at 200 <T under pressure was used and the dissolved solution obtained was measured on a Perkin EImer Elan 9000
type instrument. Corrected using an internal indium standard. The precision for trace elements is better than 5% (Burnham
and Schweyer, 2004). The detection limits for major elements and trace elements were respectively set at 0.01% by weight
and 0.5 ppm. Electron Microprobe Analysis (EMPA) was performed on polished gold grains using a CAMECA SX100 at
SGS Laboratories in Johannesburg, South Africa. The chemical composition of the gold inclusions was obtained by
wavelength dispersion spectrometry (WDS) using a JEOL SUPERPROBE 8200. The polished sections were coated with
carbon before microprobe analysis.

4. Results and Discussions
4.1 Description of the Weathering Profile Studied (PE)

The studied gold profile has geographic coordinates of N02° 30" 14" and E13° 19" 59" with a thickness of approximately
3.45 meters above the quartz vein bedrock (Figure 3). This profile resulting from the alteration of the underlying bedrock
presents three main groups including: the saprolite, the glebular group and the clay-sandy group. The morphology of this
profile is similar to that described in the weathering layers of the African equatorial zone (Bocquier et al., 1984; Tardy,
1993). From bottom to top, we observe:

The quartz vein: it is compact. It is composed of millimeter to centimeter angular quartz alternating with light dark
ferromagnesian beds (Figure 3A); (1) the underlying coarse saprolite and fine saprolite. The coarse saprolite layer (10-30
cm thick) has retained the structure of the parent rock and is made up of primary minerals including blocks of quartz and
accessory minerals (epidote, zircon, tourmaline, andalusite, beryl, topaz, hypersthene, hornblende, garnet, rutile, apatite,
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anatase and opaque oxides). It is embedded in a gray-brown clay-sandy matrix (5YR8/4) which consists of kaolinite and
smectite. We notice here the presence of goethite and hematite. Coarse saprolite gradually transforms into fine saprolite
corresponding to a thin (20 cm) gravelly and mottled clay layer where the relics of quartz fragments and accessory
minerals remain in an abundant reddish clay matrix (5YR6/4) composed of kaolinite and goethite, and with whitish spots
or yellow and dark bands. This layer is surmounted by a red (5YR 6/4) or reddish brown (10YR 2/2) centimetric gravelly
layer enriched with quartz and accessory minerals (epidote, zircon and tourmaling, or rutile and opaque oxides) embedded
in a matrix of sandy clay consisting of kaolinite, goethite, hematite and more or less smectite; (2) the nodular unit (40-80
cm) consists of millimetric to decimetric ferruginous nodules of hematite and goethite. The nodules as well as many
corroded quartz centimeter to decimetric are embedded in a dark red clayey-sandy matrix (5YR 6/4); (3) the clay-sandy
complex has a thickness ranging from 15 to 40 centimeters. The ferruginous nodules gradually disappear in favor of the
yellowish clayey-sandy matrix (5YR 5/6) made up of kaolinite + goethite + hematite. This set is covered by a humus
horizon. The weathering materials developed on the gold-bearing quartz vein at the level of the upper slope of the
interfluve have been observed in different bioclimatic zones (Edou Minko, 1989; Freyssinet et al., 1989a; Colin and
Vieillard, 1991; Edou Minko et al., 1992; Colin, 1992; Bowell et al., 1993; Colin et al., 1993; Mann, 1984; Smith and
Keele, 1984; Freyssinet et al., 1989b; Sanfo et al., 1992; Freyssinet, 1993; Ouangrawa et al., 1996; Akwinga, 2010).
Likewise, the significant presence of kaolinite and relatively smectite in these weathered materials indicates the presence
of the monosiallitization and bisiallitization processes undergone by the source rocks. In addition, the presence of primary
minerals such as epidote, zircon, tourmaline, amphibole, rutile, andalusite, beryl, topaz, apatite, hypersthene and garnet in
saprolite symptomatically determines the both magmatic and metamorphic nature of the Congo craton (Toteu et al., 2004;
2006) with the establishment of mineralization by hydrothermal processes.
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4.2 The Quartz Vein
4.2.1 Quartz Vein Petrography

Macroscopic observation of the quartz vein taken from the base of the PE profile at Zom shows that it’s massive and has a

QV (B)

the top of the slope (C)
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yellowish-gray color (beginning of alteration). The minerals in this rock are mainly quartz and opaque minerals directly
observable with the naked eye (Figure 4A). Microscopic study shows that it has a grainy texture with a heterogranular
tendency:. It consists of quartz and opaque minerals (Figure 4B).

(A) (B)
Figure 4. Zom quartz vein sample (A); Zom quartz vein observed in LPA (B). Qtz: quartz; Op: Opaque minerals

4.2.2 Quartz Vein Geochemistry
4.2.2.1 The Major Elements

The quartz vein (Z1) is characterized by very high contents of SiO, (90.50%), moderate to low of Al,Os (5.89%) and
Fe,03 (2%), and low contents of less than 1% in oxides such as TiO,, MnO, MgO, Na,0O, Ca0, K0, Cr,05 and P,0s
(Table 1).

Table 1. Concentrations of major elements in % of the materials of the Zom PE profile
LOI : Loss On Ignition ; CIA : Chemical Index of Alteration.

Profile PE
Level Quartz Coarse Fine Gravelly Nodular Clay
vein Saprolite  saprolite  level level level
Colors grey grey red red red red
Depth (m) 0,25 0,5 0,8 1 1
Samples(%)
Z1 Z2 Z3 Z4 z5 Z6
SiO, 90,50 75,7 61,80 72,60 52,9 66,70
TiO, 0,46 0,22 1,13 1,27 0,41 1,02
Al,O, 5,89 3,78 18,25 14,15 8,83 17,55
Fe,03 2,00 9,02 9,92 5,78 29,9 7,00
MnO 0,01 0,02 0,03 0,02 0,04 0,02
MgO 0,02 0,01 0,06 0,06 0,04 0,07
CaO 0,01 0,01 0,01 0,01 0,02 0,02
Na,O 0,03 0,01 0,01 0,01 0,01 0,01
K;0 0,01 0,01 0,19 0,21 0,01 0,03
P,0s 0,01 0,71 0,07 0,04 0,16 0,05
Cr,04 0,027 0,15 0,03 0,032 0,22 0,09
LOI 2,51 11,7 9,62 6,58 7,30 8,03
Total 101,47 101,34 101,12 100,76 99,84 100,59
SiO,/Al,04 15,36 2,39 3,39 513 5,99 3,80
Fe,04/K,0 200,00 7570,00 52,21 27,52 2990,00 233,33
AlL,O4/TiO, 12,80 17,18 16,15 11,14 21,53 17,21
K,0/Na,O 1,00 1,00 19,00 21,00 1,00 3,00
CIA 99,15 99,21 98,86 98,40 99,55 99,66
(Na,0 + K,0)/Al,0; 0,003 0,005 0,01 0,01 0,002 0,002

58



http://esr.ccsenet.org Earth Science Research Vol. 10, No. 2; 2021

4.2.2.2 Trace Elements

The trace element contents of the quartz vein are characterized by high concentrations in Transition Trace Element (TTE)
greater than 100 ppm (Cr and V). This quartz vein is also characterized by high Field Strength Element (HFSE) contents
greater than 10 ppm, in particular Zr and Y. Furthermore, U, Th, Hf, Nb and Ta have low concentrations of less than 2 ppm.
The Ba of the Large lon Lithophile Element (LILE) group shows a concentration greater than 10 ppm, while the other
LILEs have concentrations less than 1 ppm (Table 2)

Table 2. Concentration of trace elements in ppm of Zom PE profile.

Profile PE
Level Quartz  Coarse Fine Gravelly  Nodular Clay
vein saprolite saprolite level level level
Colors grey grey red red red red
Depth (m) 025 05 0,8 1 1
Samples
(ppm) 21 z2 Z3 Z4 z5 Z6
Ba 12,90 12,70 70,90 91,00 19,40 35,00
Rb 0,50 1,10 14,90 16,20 1,10 2,80
Sr 0,70 3,00 9,9 9,90 8,30 12,40
U 1,50 0,38 3,26 3,14 2,52 1,45
Th 0,42 1,98 15,40 15,55 5,23 7,28
Zr 22,00 144,0 512,00 745,00 70,00 190,00
Hf 0,50 3,60 11,70 17,50 1,80 4,70
Nb 1,10 320 20,60 22,60 3,20 12,00
Y 18,40 1,90 10,10 28,10 6,20 5,80
Ta 0,70 0,70 1,50 1,70 0,20 1,10
\% 215,00 59,00 210,00 229,00 532,00 274,00
Co 1,10 9,00 29,00 3,00 6,00 4,00
Cu 7,00 84,00 340,00 24,00 51,00 46,00
Ni 5,00 50,00 181,00 14,00 18,00 15,00
Zn 6.00 46,00 239,00 7,00 14,00 11,00
Cr 1000.0 180,0 230,00 210,00 1540,00 640,00
Sn 1,00 1,00 3,00 2,00 1,00 2,00
Ga 3,60 8,30 25550 21,20 14,80 23,90
Au 0,03 2,28 0,04 0,04 0,02 0,02
Sc 0,02 34,00 17,00 29,00 27,00 40,00
Ag 0,28 050 0,06 0,07 0,75 0,03
Th/U 0,18 521 472 4,95 2,07 5,02
ColZn 0,2 0,12 0,42 0,43 0,36

4.2.2.3 Rare Earths

The sum of the REEs of the quartz vein is 50.30 ppm. The LREE/HREE and (La/Yb)y ratios of the quartz vein samples
show values of 2.11 and 1.33, respectively (Table 3).
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Table 3. Rare earth concentrations in ppm of Zom PE profile.

PE

Quartz Coarse Fine Gravelly Nodular Clay

vein saprolite saprolite level level level

Colors grey grey red red red red

Depth (m) 0,25 0,5 0,8 1 1

Samples (ppm) Z1 zZ2 Z3 Z4 Z5 Z6
La 5,50 5,80 18,00 38,60 4,90 15,80

Ce 7,10 6,80 47,90 65,60 26,10 35,00

Pr 2.96 0,85 3,72 9,55 1,22 2,73

Nd 13,30 2,50 12,90 37,40 4,60 9,30
Sm 4,09 0,44 2,39 6,70 1,32 1,82
Eu 1,19 0,10 0,52 1,48 0,39 0,46
Gd 3,88 0,33 2,07 5,60 1,21 1,34
Th 0,77 0,05 0,31 0,88 0,26 0,20
Dy 4,47 0,34 1,67 4,94 1,66 1,33
Ho 0,88 0,06 0,34 1,05 0,33 0,23

Er 2,57 0,27 1,24 3,04 1,04 0,83
m 0,41 0,03 0,18 0,46 0,13 0,09
Yb 2,81 0,35 1,31 3,14 1,21 0,92
Lu 0,37 0,02 0,21 0,52 0,15 0,11
Y/Ho 20,90 31,67 29,70 26,76 18,79 25,22
Y/P,0s 1840,00 2,68 144,30 702,50 38,75 116,00
>REE 50,30 17,94 92,76 178,96 44,52 70,16
>LREE 34,14 16,49 85,43 159,33 38,53 65,11
>HREE 16,16 1,45 7,33 19,63 5,99 5,05
LREE/HREE 2,11 11,37 11,65 8,11 6,43 12,89
(La/Yb)N 1,33 11,26 9,33 8,35 2,75 11,67
(CelCe¥*) 3,98 1,03 10,31 16,90 6,77 6,29
(Eu/Eu¥*) 3,73 0,25 1,48 4,08 1,18 1,12

4.3 Study of Heavy Minerals Accompanying Gold in the Weathering Materials

The heavy minerals of the following particle size fractions: 0.315 mm, 0.250 mm, 0.160 mm and 0.08 mm of the heavy
mineral concentrates of coarse saprolite, of the speckled or fine saprolite level and of the gravelly level of the PE profile
were observed under a polarizing microscope. These studied heavy mineral concentrates contain both silicate minerals
and non-silicate minerals.

4.3.1 Heavy Silicate Minerals from Weathering Materials

They are represented by: zircon, tourmaline, andalusite, green hornblende, hypersthene, garnet, beryl, topaz and epidote
(Figure 5):

-Zircon: is found in all samples of gold levels in varying proportions. It presents as a bipyramidal prism. In LP, it’s
colorless and its pleochroism is zero. Its relief is very strong. In LPA, it presents a straight extinction and polarizes in the
vivid colors of 2" and 3" order (Figure 5A and B).

-Tourmaline: Also found in all heavy mineral concentrate samples from weathering materials. It is presented in prismatic
crystals with striated faces. In LP, it’s brown to brown-black, its pleochroism is intense and reverse (brown following the
North-South direction and dark brown following the East-West direction) and its relief is medium. In LPA, it shows a
straight extinction and it polarizes in the vivid colors of the 2nd order (Figure 5C and D).

- Green hornblende: it is found only in the gravelly level of the eluvium. In LP, it is hexagonal (basal section) or
elongated (longitudinal section). Its relief is average. In LPA, its extinction is oblique. It polarizes in vivid 1st order hues
(Figure 5E and F).

-Andalusite: it is found in coarse saprolite and fine saprolite of materials in varying proportions. It is presented in the
form of coarse prisms with irregular contours. In LP, it is colorless and its pleochroism is zero. Its relief is average. In LPA,
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its extinction is straight and it polarizes in the gray tints of the 1st order (Figure 5G and H).

-Hypersthene: found in coarse saprolite and fine saprolite in eluviums. It comes in the form of prismatic crystals. In LP it
is green-yellow to green-brown. The relief is strong and its pleochroism is weak. In LPA, its extinction is straight and
polarizes in the vivid colors of the 1% order (Figure 5I and J).

-Garnets: is present in the coarse saprolite of weathering materials. It comes in the form of irregular rounded and cracked
grains. In LP, it is colorless, a very strong relief. In LPA, it is off (Figure 5K and L).

-Beryl: In LP, itis pale green, its pleochroism is not very clear, its relief is weak. In LPA, it shows a straight extinction and
it polarizes in the gray tints of the 1% order. It is a mineral mainly found in granites and pegmatites as well as in
hydrothermal veins (Figure 5M and N).

-Topaz: occurs as bipyramidal crystals. In LP, it is colorless, its pleochroism is zero and its relief medium. In LPA, its
extinction is right polarized in the gray tints of the 1* order (Figure 50 and P).

-Epidote: it comes in the form of a prism. It is light green and its pleochroism is weak. In LPA, she has two extinctions:
straight and oblique. It polarizes in vivid 2™ order hues (Figure 5Q and R).

A : Zircon B : Zircon C: Tourmaline D : Tourmaline E : Green F : Green G : Andalusite  H : Andalusite
inLP in LPA inLP in LPA hornblende in LP hornblende in LPA in LP in LPA
I : Hypersthene J : Hypersthene K : Garnet L : Garnet M : Beryl N : Beryl O : Topaz P : Topaz
inLP in LPA inLP in LPA in LPA in LPA inLP in LPA

. l Q Smm
—— 11

Q : Epidote R : Epidote
in LP in LPA

Figure 5. Heavy silicate minerals from quartz vein weathering materials of Zom’s PE profile

4.3.2 Heavy Non-silicate Minerals from Weathering Materials

The heavy non-silicate minerals in the concentrates are represented by: rutile, apatite, anatase and opaque oxides (Figure
6).

-Rutile: In LP, it is reddish brown. Its pleochroism is zero and its relief is strong. In LPA, its extinction is straight. Its
birefringence is very strong (Figure 6A and B).

-Apatite: It is a non-silicate mineral found in the coarse and fine saprolite of eluvium. In LP, it is colorless or very weakly
colored in blue, yellow. Its relief is average. It is non-pleochroic. In LPA, its extinction is straight and polarizes in the vivid
colors of the 1st order (Figure 6C and D).

-Anatase: It is a polymorph of rutile and is found in the coarse and fine saprolite of weathering materials. In LP, it is
transparent in clear crystals, its pleochroism is weak and its relief is strong. In LPA, its extinction is straight and polarizes
in the vivid colors of the 3 order (Figure 6E and F).
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-Opaque oxides: These are sub-rounded, black grains that are always extinct in LP and LPA (Figure 6G).

A: Rutile in B : Rutile in C : Apatite in D : Apatite in E : Anastase F : Anatase G : Opaque
LP LPA LP LPA in LP in LPA oxides
0 Smm
—_

Figure 6. heavy non-silicate minerals from weathering material on the Zom profile quartz vein

In finally, all these minerals characterize a magmatic and metamorphic geological environment identical to that of the
Congo craton (Toteu et al, 2006; Tchameni 1997; Ntep Gwet et al., 2010).

4.4 Mineralogy of Weathering Materials by X-ray Difractometry

X-ray diffractograms obtained from powders of samples of Zom's PE profile alteration materials show that they consist of
quartz (40.81-87.09%), kaolinite (12.91-57.14%), goethite (1.44-23.39%) and hematite (0.11-1.27%). Minerals such as
hematite and goethite are not present in the Z2 coarse saprolite sample. Hematite is also absent in sample Z6 (Figure 7).

ALS 22 Q|
K ! X A
ALS_I3
K He Go
AL | o o
Go He o i -
ALS IS
‘ B
\Go He_. Q - Go
AL, 26 - -
K Go
T e A

2 Theta

Figure 7. X-ray diffractograms of Zom’s PE profile alteration material samples. Q : quartz ; K : kaolinite; Sm : smectite ;
Go : goethite ; He : hematite

4.5 Geochemistry of Gold Grains of the PE Profile of Zom

The Electron Probe Micro Analysis (EPMA) is a technique that allows in situ and non-destructive analysis of all chemical
elements from beryllium in a volume of the order of a cubic micrometer. The chemical compaosition of the gold particles is
analyzed with an electron microprobe and the Au contents are measured on these particles. In total, ten (10) holes out of
three (03) gold particles of the mineralized rock walls of the Zom PE profile were carried out by electron microprobe
(Figure 8). These particles originate respectively from the coarse saprolite (Figure 8A), from the fine saprolite or speckled
level (Figure 8B) and from the gravelly level (Figure 8C). These gold particles have been tested at specific points. It is
observed that Mintom's gold consists essentially of Au (97.75% to 99.21%) with traces of Ag (0.02% to 0.16%), of Bi
(0.56% at 1.61%) and Cu (0.02% to 0.07%) (Table 4). These Au contents are higher than those of the gold district of
Bé&aréQya in eastern Cameroon (Akumbom et al., 2017) or those of Pida, in Burkina Faso (Ouangrawa et al., 1996).
Conversely, their Ag contents (0.02 to 0.16%) are lower. However, the presence of gold "pathfinders" such as: Bi, Mo, Cu
and S implies a magmatic and hydrothermal context of the primary gold deposit (Guilbert and Park, 1986).
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Figure 8. WDS images of gold particles of Zom quartz vein PE profile alteration materials. A : coarse saprolite from
sample Z2 (100 um) ; B : fine saprolite from sample Z3 (100 um) ; C : gravelly level from sample Z4 (100 m)
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Table 4. Percentage by weight of the chemical elements of the gold particles of the Zom PE profile, after analysis with an
electron microprobe (WDS)

Position
Position6_3_164
Position6_3_167
Position6_3_177

Position6_3-29

Position6_3-31
Position6_4 183
Position6_4_190
Position6_4 192

Position6_5-57

Position6_5-61

DL

Ag
0,02
0,04
0,04
0,16
0,02
0,02
0,07
0,05
0,06
0,02
0,01

As

0,08

Au
99,12
97,75
98,10
98,11
99,51
98,73
98,49
98,24
98,59
99,21

0,05

Bi
0,74
0,67
0,78
1,61
1,00
0,72
0,65
0,56
1,02
1,24
0,03

Ce
0,17
0,19
0,18

0,16
0,20
0,15

0,04

Cu
0,05
0,07
0,07

0,02
0,03
0,07
0,06

0,02

Fe
0,02
0,03

0,03
0,06
0,03
0,06
0,03
0,03
0,02

Mo Pt
0,65 -
0,75 -
0,36 -
0,15 -
0,62 0,02
038 -

0,06 0,02

0,06
0,10

0,06
0,05
0,03

Sb
0,02

0,01

Sn

0,02

0,09

0,02

Zn

0,12
0,09
0,25

0,02

Total
100,76
99,48
99,61
100,00
100,59
100,00
100,25
99,81
99,85
100,55

DL = Detection Limits
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4.6 Identification and Behavior of Gold with Accompanying Chemical Elements of Gold in Weathering Materials
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Figure 9. Diagram of the chemical elements accompanying gold in the PE profile

Analysis of the diagram above shows that almost all the transition elements (Cr, Co, Cu, Ni, V and Ag) exhibit overall
similar behavior with respect to gold (Figure 9), due to of their high density > 3.2 like that of gold, particularly Ag whose
behavior is very similar and identical to that of gold. These behaviors would testify to the identical origin of all these
elements (Corin, 1931; Boyle, 1979; Dejonghe, 2000; Yannick Bruni, 2017).

4.7 Geochemistry of Alteration Materials of the Studied Profile
4.7.1 The Major Elements

Saprolite is characterized by high contents of SiO, (9.02-61.80%), Fe,O3 (9.92-75.70%), TiO, (0.22-1.13%). It shows
moderate concentrations of Al,O3 (3.78-18.25%) (Table 1). The concentrations of MnO, MgO, K,0 and P,Os are slightly
increasing compared to the rock, while those of CaO and Na,O are constant and less than 1%. The LOI and CIA values
vary respectively from 9.62 to 11.70 and from 98.86 to 99.21%. These values justify at will the intense and complete
deterioration of the materials and the presence of hydrated minerals. The value of the SiO,/Al,Os ratio is less than 5 and
that of the K,O/Na,O ratio varies from 1 to 19% (Table 1). These reports show that these materials are rich in silica. The
glebular level or horizon of accumulation shows high concentrations of SiO, (52.90-72.60%) and moderate contents of
Al,O; (8.83-17.55%) and low of TiO, (0.41-1,27%). The Fe,O3 concentrations are decreasing (7-29.90%). The
concentrations of the other oxides are moderate (Table 1).

4.7.2 Traces Elements

Saprolite is characterized by an enrichment in LILE relative to the rock. HFSEs generally show increasing concentrations
with respect to rock, with the exception of U (0.38-3.26ppm), Y (1.90ppm) in sample Z3 whose concentrations decrease
and impoverish compared to rock. TTEs generally show increasing concentrations, with the exception of V, Cr and Ag
where depletion is observed in sample Z3 respectively (59ppm), (180ppm) and (0.06ppm) (Table 2). The concentrations
of LILE at the glebular level show an enrichment compared to rock and saprolite. HFSEs also show the same behavior
except for Y and Ta where depletion is observed in samples Z5 (6.20ppm), Z6 (5.80ppm) and Z5 (0.20ppm) respectively.
The TTEs show an enrichment with respect to the rock and the saprolite, except for Au which presents an impoverishment
in the Z5 and Z6 materials with a value of 0.02ppm. Silver (Ag) shows a higher concentration in sample Z5 from the
glebular level compared to Z4 and Z6 which are also higher than the Ag concentrations contained in rock and saprolite
(Table 2). The trace element spectra of weathering materials normalized to chondrites (McDonough and Sun, 1995) are
shown in Figure 10. These spectra show almost similar behavior for all types of materials. Figure 10 shows an enrichment
in LILE, with the exception of Rb and Sr which show depletion respectively in the materials Z2, Z5 and Z2. HFSE
elements show enrichment compared to chondrites. Most transition metals (TTES) show depletion compared to chondrites.
However, some metals show enrichment such as V and Ga on all materials, Cu in sample Z3, Sn in samples Z2, Z3 and Z6,
Au in sample Z2 and Ag in samples Z2 and Z5.
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Figure 10. Normalization spectra of the trace elements of the alteration materials of the Zom PE profile from the chondrite
values of Mc Donough et Sun (1995)

4.7.3 Rare Earths

In saprolite, the sum of REES varies between 17.94 and 92.76 ppm, with a depletion of HREE compared to LREESs (Table
3). The geochemical data of the clayey level show a sum of the REESs varying from 44.52 to 178.96 ppm. The LREEs
show an enrichment compared to the HREEs. Figures 11 and 12 shows the rare earths spectra of weathering materials
normalized to the values of chondrites (McDonough and Sun, 1995) and rock, respectively. The spectra of the REEs of all
materials show an enrichment in LREE compared to HREE (Figure 11). Figure 12 shows the REE spectrum of weathering
materials normalized to the quartz vein. These spectra show that the Z4 sample is enriched in REE relative to the rock.
However, the rest of the samples show depletion.
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Figure 11. Rare earth normalization spectra of Zom PE profile alteration materials from Mc Donough and Sun chondrite
values (1995)
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Figure 12. Rare earth normalization spectra of alteration materials of Zom’s PE profile versus quartz vein

5. Hydrothermal Alteration

The presence and abundance of certain heavy minerals such as epidote, beryl, topaz, tourmaline and zircon justify the
hydrothermal aspect in the zone favorable to magmatic processes, which allowed the formation of these gold
mineralizations. The alteration of the quartz vein by bioclimatic processes has made it possible to highlight and
significantly clay minerals such as smectite and kaolinite of type 2/1 and 1/1, respectively, thus reflecting hydrothermal
phenomena such as bisiallitization and monosialitization. These mineralogical characteristics justify the presence of
hydrothermalism and metasomatic processes at the origin of the deposit of gold in the Mintom zone.

6. Conclusion

The results obtained in this study show that the quartz veins hosted in the granites are the petrographic facies at the origin
of the establishment of gold. These facies have undergone magmatic processes, in particular the intrusion of hydrothermal
fluids due to tectonic events. The migration of gold from the rock to the upper levels accompanied by a mineral
association (beryl, epidote, zircon, topaz and tourmaline) is characteristic of the decay and weathering that affected the
underlying rock.
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