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Abstract

Minerals processed in a mining-metallurgical plant are subject to constant change related to the degree of exploitation of the deposit.
This behavior is distinguished by the shift in the mineralogical species present within the mineral that enters the processing plant;
these changes may produce deficiencies in the beneficiation of the mineral and the recovery of precious metals. For this reason, this
work seeks to determine a relationship between the species present and the metallurgical processes such as gravimetric analysis,
flotation, and leaching used to recover the gold present in the deposit, based on the mineragraphy and the metallurgical tests of the
minerals extracted from the Inkaracay and Mina Sanca 2 veins, deposits located in the Qero’s batholith. The veins present in these
places havel5 to 20 cm and 5 to 8 g/T Au, for this reason, three mixtures of different proportions were used for their analysis. Mine-
ral characterization determines the mineralogical relationship of the samples, the microscopic and macroscopic study present in the
mineral body and the mineralogical associations in the analyzed samples, allowing them to be related to the performance of the
metallurgical tests thus obtaining a recovery of 95.54 % of gold: 36 % from the Inkaracay vein and 64 % from the Mina Sanca 2 vein
using the flotation process at a grain size of 85 % -200 m (74 um).

Keywords: Gold, mineragraphic evaluation, concentration, flotation, leaching.

Resumen

Los minerales procesados en una planta minero-metaldrgica estan sujetos a cambios constantes relacionados con el grado de explo-
tacién del yacimiento. Este comportamiento se distingue por el cambio en las especies mineralégicas presentes dentro del mineral
que ingresa a la planta de procesamiento de minerales; estos cambios pueden producir deficiencias en el beneficio y la recuperacién
de metales preciosos. Por tal motivo, este trabajo busca determinar una relacién entre las especies presentes y los procesos metaltr-
gicos como analisis gravimétrico, flotacion vy lixiviacion utilizados para recuperar el oro presente en el yacimiento, con base en la
mineragrafia y las pruebas metaltrgicas de los minerales extraidos de las vetas Inkaracay y Mina Sanca 2, yacimientos ubicados en el
batolito de Qero. Estas vetas tienen de 15 a 20 cm y de 5 a 8 g/T Au, por esta razén se utilizaron tres mezclas de diferentes propor-
ciones. La caracterizacién mineral determina la relacién mineralégica de las muestras, el estudio microscépico y macroscépico pre-
sente en el mineral y las asociaciones mineraldgicas en las muestras analizadas permiten relacionarlas con las pruebas metaldrgicas y
obtener una recuperacion de 95.54 % de oro con 36 % de la veta Inkaracay y 64 % de la veta Mina Sanca 2 usando el proceso de
flotacién a un tamano de grano de 85 % -200 m (74 um).

Descriptores: Oro, evaluacién mineragrafica, concentracion, flotacién, lixiviacion.
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MINERAGRAPHIC EVALUATION FOR GOLD RECOVERY

INTRODUCTION

The Qero’s Gold company is located in the province of
Paucartambo in the Cusco-Peru region, it is part of the
Eastern Cordillera where mountain ranges originate,
also known as quartz veins, veins in shear zones, as well
as mesothermal and orogenic deposits (Audebaud,
1973); their main feature is their small volume which re-
sults in a high grade of gold (up to 8 g/T). The deposit is
of the orogenic type with massive volcanogenic sulfide
(SMV) type mantles, the mineralized fluids were remo-
ved by the deformations produced by the orogeny and
these in turn contributed to the formation of blanket-
shaped orebody; the quartz veins belong to a subsequent
stage of emplacement on shear zones that were produ-
ced by emplacements of hypo-abyssal igneous rocks of
the Triassic Permian (Vargas & Hipolito, 1998). In this
region, orogenic deposits are exploited informally by lo-
cals as a source of income; however, lack of knowledge
of the geology, geometallurgy and metallurgical extrac-
tion processes adequate to each mineral leads to defi-
ciencies in their methods of exploitation and recovery.
An alternative to these problems is mineralogical and
metallurgical studies (Henley, 1989), this has proven to
be an excellent precedent for the development of unit
operations and establishes a process in stages of concen-
tration which optimizes the recovery of disseminated
gold in gold ores accompanied by sulfides.

For the processing of minerals, the concentration by
gravimetry and flotation of minerals is a practice deve-
loped extensively for free gold minerals and some mi-
neralogical associations (Fullam et al, 2016); the
performance of this concentration method depends on
the degree of release directly related to the form, size,
composition, composites, surface and chemical condi-
tions such as collectors (xanthates, dithiophosphates,
mercaptanbenzoates, amines, etc.), foaming agents
(MIBC, Aeroflot, dowfroth 250, etc.), activators (copper
sulfate, zinc sulfate, etc.), depressants (lime, cyanide,
guar gum, etc.), pH modifiers (acids, carbonates, lime)
and others (Allan & Woodcock, 2001). For the gold mi-
neral dissolution process, the most widespread practice
is the use of cyanide in alkaline media; despite increa-
singly strict environmental regulations, it remains a
viable alternative due to its ease of use and low cost, in
addition to being one of the most studied leaching
agents for different types of minerals (Marsden & Hou-
se, 2006); however, some minerals are difficult to treat
with this reagent, which are considered refractory to
the cyanidation process, that is, under normal condi-
tions, recoveries greater than 50 % are not possible.

This work seeks to determine a metallurgical pro-
cess for the recovery of gold based on the mineragra-

phy of the mineral from the Qero’s Gold mine, where
the metallurgical process shows variable recoveries be-
cause there is no characterization of the mineral and the
mineralogical associations present, for so the use of the
polarized light microscope has an essential effect for
the determination of free gold and gold present in the
quartz-pyrite matrix. The Scanning Electron Microsco-
pe (SEM) allows the identification and verification of
the presence of gold in a solid solution and the associa-
tions with sulfides or submicroscopic minerals with
gold companies. Finally, the results presented in this
work show the performance of mineragraphy in the
gold recovery process, mineragraphy characterization
in conjunction with the metallurgical tests of grinding,
gravimetric concentration, flotation, and cyanidation,
allows obtaining applicable information for the optimi-
zation of metallurgical tests.

EXPERIMENTAL MATERIALS AND PROCEDURES

Non-probabilistic sampling of an intentional or criterial
type is carried out for the mineral, and samples of the
head, concentrate and tails are selected for chemical
analysis by inductively coupled plasma optical emis-
sion spectroscopy (ICP-OES). The mineragraphic
analysis (microscopic and macroscopic) and metallur-
gical tests laboratory level was carried out for studying
the texture, mineralogical associations and particle size.

For size reduction, a jaw crusher and ball mill were
used. For concentration, a flotation cell and centrifugal
concentrator (Falcon F-140); for agitation leaching in
bottles, and characterization in a scanning electron mi-
croscope (microscope of polarized light and X-ray dif-
fractometer). In the description of the minerals, quartz
(Qz), pyrite (py), goethite (goe), gold (Au), sulfosalts
(sul), chalcopyrite (cpy), hematite (he) are identified,
electrum (el), arsenopyrite (apy) and others of lower
concentration considered gangue (GGs).

Grindibility tests were performed in a standard 6.5”
x 9” laboratory ball mill at 66.7 % solids designed to
evaluate material grinding, mineral sample was prepa-
red at 100 % -m10 (8”) to determine the grinding time
necessary to obtain granulometry of 65 % -m 200 and
85 % -m 200; the products obtained were granulometry
analyzed to determine the curve of grindibility at diffe-
rent times (15, 20, 25 and 30 min), shake leaching in
bottles at pH 11 with 30 % solids and 1000 ppm cyanide
(CN-) prepared from NaCN, the rougher flotation at
32 % solids with a particle size of 65 % and 85 % -200 m
(74 pm), the operating parameters used are summari-
zed in Table 1. In addition, copper sulphate (CuSO,)
was used as sulfide activating agent, A-404 (dithio-
phosphate-mercaptobenzothiazole) as a primary co-
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llector for the flotation of the auriferous pyrite in acidic
and neutral circuits, Z-11 (sodium isopropyl xanthate)
as a secondary collector of a selective feature that is
used to combine the collecting and activating power, as
well as MIBC (methyl isobutyl carbinol) as a foaming
agent used in the flotation process.

Table 1. Operational parameters for laboratory tests

the second test milling and cyanidation (direct cyanida-
tion) at a particle size of 13.2 and 4.9 %, respectively, 1
Kg sample with 1000 ppm cyanide concentration at pH
11 and 72 hours of stirring, the pH values and cyanide
concentration were set to avoid the formation of HCN,
which is harmful to the process and to the environment.

Table 2. Operational parameters cyanidation tests in cyanidation
tests (direct and from milling), 1 Kg of mineral, 1000 ppm CN-,
pH 11, and 72 hours of agitation

Granulometry

13.2 % -200 m (74 um)

Direct cyanidation

Cyanidation from 4.9 % 200 m (74 pm)

Tests Operating parameters
Sample weight 10 kg
Granulometry (675 40/:11;)200 m

Gravimetric .

concentration Feed flow 1800 cm*/min
Gravity force 98 G
Water pressure 1.5 PSI
Sample weight 1000 g
% Solids 32

Rougher flota-

. o/ _

tion Granulometry ?75 4 /:1 m)ZOO m

Cell volume 3000 cm’

grinding

For the selection tests, the following stages are determi-
ned: griding, gravimetric concentration-flotation and
cyanide leaching; grinding-leaching (direct leaching)
and leaching from griding according to the species of
minerals found and gold release.

RESULTS AND DISCUSSION

MINERALIZATION

For the cyanidation tests (Table 2), the cyanide dosage
for the mineral was considered from the milling, and
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The mineral comes from the Inkaracay, and Mina Sanca
2 veins of the gold deposit located in the Paucartambo
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Figure 1. Site location

Figure 2. a) Inkaracay Vein with gold dissemination (dipping
mantle, pyrite, and gold trace) and b) Mina Sanca 2 Vein
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province of Cusco-Peru, belonging to the Qero’s Gold
mining company (Figure 1).

The Inkaracay vein (Figure 2a) presents an outcrop
of approximately 130 m and 15 to 20 cm power, with a
depth that reaches 60 cm. The assembly presents quartz
(5i0,, Qz), pyrite (FeS,, Py), calcium carbonate (CaCO,,
Ca), and gold (Au) represented by Qz-Py-Ca-Au, carbo-
nates as well as coarse and fine gold are observed in the
pyrite microfractures and disseminated gold in quartz
with an average grade of 20 g/T; the Mina Sanca 2 vein
(Figure 2b) presents an outcrop greater than 350 m,
with an average power of 17 cm, and a depth that rea-
ches 34 cm, the assembly shows quartz, pyrite, calcium
carbonate, and Au (Qz- Py-Ca-Au), thick gold is appre-
ciated in the form of native gold trapped inside a gray
quartz matrix, they also appear in the form of leaves
when in contact with quartz and slate, fine gold is
shown as filler in pyrite microfractures with an average
grade of 45 g/T.

In the stockwork zone are the Inkaracay and Mina
Sanca 2 veins (Figure 3a and 3b, respectively), corres-
ponding to a mineralized structure with the presence of
several families of milky quartz veinlets; the predomi-
nant veins have a SE-NW direction, the rock assembla-
ge is of the Qz-Py-Apy-Au-Ag type which presents
high mineral pyritization encapsulated between quartz
and pyrite, some veins exceed 250 g/T, and are thus ex-
ploited in a global area of approximately 1,000 m* with
a grade of 8 g/T having proven mineralization of 40,000
T at 15 m depth and potential mineralization of 120 m
in depth.

. "‘;".}v“\..' —

Figure 3. Stockwork area and veins

MINERALOGICAL ANALYSIS

X-ray diffraction analysis of the two samples shows
that the main composition in the Inkaracay vein (Figure
4a) is quartz (S5i0,), muscovite (KALSi,AlO,,(OH),), and
dolomite (CaMg(CO,),) with minor composition, in the
Mina Sanca 2 Vein (Figure 4b) it presents quartz (S5i0,),
muscovite (KALSi,Al O,,(OH),) and rutile (TiO,) to a
lesser extent.

The mineralogical analysis of the Inkaracay vein
(Table 3) was carried out at different granulometry +100
(149 um), +200 (74 pm), and -200 m mesh by microsco-
pe of polarized light to determine the degree of release

of the mineral. It can see mixed binary gold grain (Au)
and gangues (GGs) at +100 m mesh (Figure 5a), ternary
mixed grain of chalcopyrite (py), goethite (goe), and
gangues (GGs) at +100 m mesh (Figure 5b), native gold
free grain (Au) and pyrite (py) mesh +200 m (Figure 5c),
a free particle of native gold (Au), mixed grain of pyrite
(py) and goethite (goe) mesh +200 m (Figure 5d), mixed
binary grains of arsenopyrite (apy) with goethite (goe)
and pyrite (py) with goethite (goe), free grains of spha-
lerite (ef) and pyrite (py) in a fine mesh of -200 m (Figu-
re 5e), a mixed particle of native gold (Au) with pyrite
(py) showing occlusion of the gold in a pyrite matrix at
a fine mesh of -200 m (Figure 5f).
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Figure 4. X-Ray diffraction analysis: a) Inkaracay vein, b) Mina
Sanca 2

0.04mm LR

Figure 5. Inkaracay vein photomicrographs at mesh +100 m (a,
b), +200 m (c, d) and -200 m (e and f)

The mineralogical analysis for the Mina Sanca 2 Vein
(Table 3), in Figure 6a, at a granulometry of +100 m, a
binary mixed grain of non-metallic gangs and native
gold (GGs-Au) can be seen, in Figure 6b at a mesh +100
m mixed grains binaries of pyrite and goethite (py-
goe), for Figure 6c, in a granulometry of +200 m, free
grains of non-metallic gangue minerals (GGs), mixed
binary grain of gold and goethite (goe/Au) can be ap-
preciated.

At +200 mesh observe mixed binary grains of goethi-
te and gold (goe/Au, Figure 6d); it can be seen that the
finer the mineral (-200 m), the higher the degree of libe-
ration, the gold is seen separated from the gangue free
grains of native gold (Au, Figure 6e), finally it can be
observed that at a -200 m there is the presence of mixed
ternary grains of pyrite (py), hematite (hm) and goethi-
te (goe) and free non-metallic gangue particles (GGs) in
Figure 6f.
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Table 3. Mineralogical analysis of the Inkaracay and Mina Sanca 2 at different granulometry

Sample Mesh Species Figure
gold-gangue 5a
100 . .
chalcopyrite-goethite-gangue 5b
gold 5c and 5d
200 pyrlte. 5c and 5d
goethite 5d
5c and 5d
Inkaracay ganstie . . can
arsenopyrite-goethite 5e
pyrite-goethite 5e
sphalerite 5e
-200
gangue 5e and 5f
pyrite 5e
gold-pyrite 5f
100 golg-gangue. 6a
pyrite-goethite 6b
200 gold-goethite 6c and 6d
Mina Sanca 2 gangue 6¢
Native gold 6e
-200 gangue 6e and 6f
pyrite-goethite-hematite 6f

0.02mm LR

Figure 6. Mina Sanca 2 vein microphotographs at +100 m (6a,
6b), + 200 m (6¢, 6d) and -200 m (6e, 6f) mesh

METALLURGICAL STUDY

Table 4 shows the percentage composition in the mixtu-
re (blending) of the samples coded as 1, 2, and 3, used
to analyze grindability, gravimetric concentration,
rougher flotation, and leaching. The proposed scheme
is in accordance with the operating conditions of the
processing plant and quartz content (SiO,) which could
generate additional charges in operating and energy
costs in the size reduction area.

Table 5 presents the chemical analysis (Au, Ag, As,
and S) and organic analysis (mineral coal) of the mixtu-
res codified in the previous section (sample 1, 2, and 3)
and represents the head of the mineral for the metallur-
gical grinding tests, gravimetric concentration, lea-
ching, and flotation.

The sulfur content is related to sulfide minerals such
as pyrite, chalcopyrite, arsenopyrite, galena, and spha-

lerite (Table 5). Therefore, its presence will be discussed
concerning the species present.

A) GRINDABILITY

From the grinding tests, the longer the residence time
in the mill, the finer granulometry is obtained (Figure
7a and 7b); for example, for sample 1 at 16.4 min, there
is a Py, of 110 um and with a longer residence time. The
Py, decreases to 65 pm, unlike sample 2, significant va-
riability in the granulometric curve concerning time is
appreciated. At the Py, to achieve a granulometry of 100
um, a time greater than 31.20 min at 65 % — 200 m must
also be reached at 43.60 min; it achieves 68 um in 85 %
-200 m.

Sample 3 shows similar behavior to sample 1, be-
cause for 17.50 min, 115 um is obtained at 65 % — 200 m
and 85 % — 200 m to 27.60 min. An average of 19.37 min
was determined to obtain a Py, of 100 microns, which is
the optimal granulometry for the metallurgical proces-
ses selected with our type of mineral, for the flotation
tests, and worked as a granulometry 85 % — 200 m to
evaluate the effect of particle size in all tests.

B) GRAVIMETRIC CONCENTRATION

With this concentration test, it is possible to recover
49.19 and 13.40 % for gold and silver respectively. Sam-
ple 2 (Table 6), and Figure 8 show the photomicrograph
obtained from the concentrate obtained. For sample 3,
recovery of 58.61 and 14.63 % of gold and silver respec-
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Table 4. Coding, the weight of the samples and percentage of mixture

Sample 1 Sample 2 Sample 3
Weight c iion (%) Weight c iion (%) Weight c tion (%)
Items omposition (% omposition (% omposition (%
(Kg) (Kg) (Kg)
Inkaracay vein 28 63.64 18 36 28 49.12
Mina Sanca 2 vein 16 36.36 32 64 29 50.88

Table 5. Head chemical analysis of mixtures and organic carbon in shale rock

Samples
Sample 1 Sample 2 Sample 3
Au (g/t) 0.17 291 1.96
Ag (g/t) <05 <05 <05
As (%) 4.16 3.46 5.06
S (%) 0.9 1.67 1.05
Total Carbon (%) 0.83 1.29 0.76
Organic Carbon (%) 0.28 0.13 0.41
250 a) 100 b)
200 . 80
£
- i ﬁ;‘
== =
T e ST e Figure 7. Time vs grindability of the samples 1, 2 and 3
Table 6. Gravimetric concentration, Sample 2
Weight Grade
Recovery (%)
. (/M
(%)
Au Ag Au Ag
Concentrate 1.19 89.78 7 49.19 134
Tailings 98.81 1.09 0.5 50.81 86.6
Head Caleu- 4, 215 058 100 100
lated
Head tested 2.92 <0.50

Figure 8. Gravimetric concentrate of sample 2, a) 80X and
b) 160X
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tively (Table 7), the low degree of recovery is related to
the occlusion of gold within the pyrite as shown in (Fi-
gure 5f), and the encapsulation in the gangue (Figure
6a). On the other hand, sample 1 was not considered in
this test due to the low concentration of gold (0.16 g/T).

Figure 9a shows the presence of oxidized pyrite
with the presence of oxides such as hematite and
goethite. In Figure 9b, arsenopyrite is present that cau-
ses problems in concentration; according to Figure 5,
the release of this type of species depends on the size of
particle obtained in the milling.

Table 8, presents a summary of the species found in
the concentrate of sample 2 that has a higher content of
gold (89.78 g/T) in the head, where there is a higher
content of quartz (63 %), followed by pyrite and arseno-
pyrite (18 and 5 % respectively), a low amount of gold
is recovery from the presence of gold as electrum at
0.1 %; the tailings obtained go to the next stage of con-
centration by flotation.

C) ROUGHER FLOTATION

Table 9 presents the recovery of gold and silver as ele-
ments of interest and arsenic and iron as harmful ele-
ments to evaluate the process. For sample 1 by flotation,
87.90 and 16.36 % recovery of gold and silver are obtai-
ned respectively in the concentrate for a gold head gra-
de of 0.24 g/T, and less than 0.5 g/T of silver with a
granulometry of 85 % -200 m pH of 7.7 this pH value
prevents the flotation of pyrite instead of gold (Mu et
al., 2020), CuSQO, acts as a pyrite depressant in the con-

Table 7. Gravimetric concentration, Sample 3

ditioning stage, in addition the collectors A-404 and
Z-11 are used in conditioning and flotation as well as in
foaming the MIBC, this procedure is repeated for sam-
ples 2 and 3.

Table 10 shows a recovery of 95.54 and 50.74 % of
gold and silver recovery, respectively, with a grade in
sample 2 of 2.91 g/T and less than 0.50 g/T for gold and
silver. The presence of arsenic in this sample is of 0.87
and 26.98 % of the iron in the concentrate. This behavior
is related to the higher content of arsenic species in the
form of arsenopyrite (Figure 9).

Table 11 presents the results obtained with sample
3; this has an intermediate recovery compared to sam-
ples 1 and 2 (90.43 and 29.44 %) for the recovery of gold
and silver, respectively with a gold grade of 1.96 g/T
and less than 0.50 g/T for gold and silver respectively
with a mixture in similar compositions of the two veins
tested (49.12 % of the Inkaracay vein and 50.88 % of the
Mina Sanca 2 vein).

For the three samples presented, the gold recovery
was high with 87.9, 90.43, and 95.54 % for samples 1, 3,
and 2 respectively. Arsenic and iron are closely linked
to gold recovery because their recovery is more signifi-
cant, 78 % for As and 22 % Fe, respectively; this beha-
vior is related to the presence of arsenopyrite; it is
essential to mention that arsenopyrite has a collateral
effect on the flotation due to hydrophobicity tends to
float with valuable minerals despite depression with
sodium aluminum silicate so the concentrates obtained
went through the grinding, amalgamation, and retort
process for the final recovery of gold.

Weight Grade
Recovery (%)
%) (&/T)
(o}
Au Ag Au Ag

Concentrate 1.19 132 7.7 58.61 14.63
Tailings 98.81 1.1 0.5 41.39 85.37
Head Caleu- 4, 2.66 0.59 100 100
lated
Head Tested 1.95 <0.50

Altered arscnopyrite matrix

1 SSD

Figure 9. a) Altered arsenopyrite matrix, b) Matrix with arsenopyrite and pyrite
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Table 8. Mineralogical analysis of the concentrate

Specie Formula Size (um) % Vol
Quartz Sio, 200 63
Pyrite FeS, 150 18
Calcite CaCoO, 6

Arsenopyrite FeAsS 80

Hematite Fe,O, 120

Alumina ALQO, 2

Sulfosalt CuPbSbS, 10 2
Galena PbS 50 0.5
Sphalerite ZnS 10 0.1
Electrum Au-Ag 2-20 0.1

Table 9. Flotation metallurgical balance, Sample 1

Weight grade
Recovery (%)
(g/T) (%)
(%)
Au Ag As Fe Au Ag As Fe
gg{‘:er" 10.9 1.78 0.8 1.1 10.91 87.9 16.36 78.86 27.45
Tailings 89.1 0.03 <0.50 0.04 3.53 12.1 83.64 21.14 72.55
Head 100 0.22 0.53 0.15 4.33 100 100 100 100
Calculated
Head Tested 0.24 <0.50 0.15 4.15
Table 10. Flotation metallurgical balance, Sample 2
Weight grade
Recovery (%)
(g/T) (%)
(%)
Au Ag As Fe Au Ag As Fe
ggi‘ece“' 5.14 57.3 95 0.87 26.98 95.54 50.74 88.75 39.23
Tailings 94.86 0.15 <0.50 0.01 2.27 4.46 49.26 11.25 60.77
Head 100 3.08 0.96 0.05 3.54 100 100 100 100
Calculated
Head Tested 291 <0.50 0.06 3.47
Table 11. Flotation metallurgical balance, Sample 3
Weight grade
Recovery (%)
) (8/T) (%)
(e
Au Ag As Fe Au Ag As Fe
Concentrate 10.93 16.78 1.7 0.93 10.63 90.43 29.44 88.39 22.96
Tailings 89.07 0.22 <0.50 0.02 4.38 9.57 70.56 11.61 77.04
Head Caleula- 19 2.03 0.63 0.12 5.06 100 100 100 100
Head Tested 1.96 <0.50 0.12 5.06
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D) LEACHING TESTS

The objective of this test is to evaluate the behavior and
metallurgical response of sample 1 (63.64 and 36.36 %
of the Inkaracay and Mina Sanca 2 veins, respectively),
pH natural = 6.5 was measured by shaking the sample
in water for 24 h. To maintain process leaching stability
the pH is controlled with lime, small amounts were
added, it was stirred for two hours, then the pH value is
measured, and this is continued until reaching the cya-
nidation pH equal to 11.

Figure 10 shows the percentage of recovery of gold
and silver with respect to a time of 72 hours when the
cyanide is dosed from the milling and the direct lea-
ching of the mineral; despite these conditions, it shows
a low recovery of gold and silver (lower that 19 %)
which is related to the preg-robbing effect which occurs
in the presence of carbon (Sibrell & Miller, 1992), the
sample used presents a content of 0.83 % of carbon in
sample 1 (Table 4), it is also refractory to the process of
leaching due to the fact that the gold is occluded in a
pyrite matrix (Figure 4f), presents contents of arseno-
pyrite and altered arsenopyrite (Figure 9a and 9b). A
similar behavior is observed if the cyanide concentra-

120

100

80

tion is increased to 2000 ppm CN" and some alternati-
ves were evaluated like as use prefloat and chlorine
process with less performance and elevated consump-
tion of reagents, these results are not shown in this re-
search work.

Finally, in sample 1, the presence of the gold and
silver alloy was found, known as electrum, which cons-
titutes one of the leading gold minerals present in the
sample (Figure 11) and presents chemical refractoriness
(Yannopoulos, 1991), the other peaks were not identi-
fied because for the matter of these analysis only gold
and silver are the objective, for this type of minerals
there are several methods for their treatment such as
the use of cyanide alternatives such as thiosulfate (Ayl-
more & Muir, 2001), thiourea (Deschénes & Ghali, 1988;
Li & Miller, 2006) and others (Haque, 1987). However,
these agents have limited chemical stability against cer-
tain pH and potential conditions (Calla & Nava-Alon-
so, 2020).

Of the three samples tested, the contend in sample 1
presented has and intermediate concentration (0.83 %)
and presents preg-robbing for gold, so it was not eva-
luated leaching test for samples 2 and 3 with contents of
1.29 and 0.76 % carbon total, respectively (Table 5).

Recovery (%)

60

40

20

Cyanidation from grinding

= Direct cyanidation

8

12

Time (h)

24

28 72 Figure 10. Gold recovery, a) direct

cyanidation b) cyanidation from grinding

w (0] ] [ 1 un um [ 10 Tl

Element % W
Ag 6.66 )
Au 9334 Figure 11. Presence of electrum (Au-Ag)
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CONCLUSIONS

The mineralized structures of the Inkaracay and Mina
Sanca 2 veins are found as an intrusive formation in the
Qero’s batholith and the Sandia formation, and there is
evidence of a metamorphic rock location superimposed
on the quartz mantles within which leads to the pyriti-
zation of the valuable material (gold).

The mineragraphic characterization helps determi-
ne the presence of gangues such as carbonaceous and
silica in the mineralogical body. It serves as the basis for
analyzing the behavior of the metallurgical process, for
example, cyanide leaching is evident with a recovery of
less than 19 %; this behavior was studied according to
the release of the gold as well as the refractory beha-
vior, the presence of electrum and occluded gold in the
pyrite as well as the presence of arsenopyrite were stu-
died in the leaching process of the tested samples.

Due to collection properties, it was determined that
flotation is the suitable metallurgical process for the re-
covery of valuable minerals: for gold, 85 % -200 mesh,
working with a blending of 36 % vein mineral Inkara-
cay, and 64 % of Mina Sanca 2 mineral vein (sample 2),
a solids percentage of 30 % and a pH of 7.7 allow obtai-
ning 95.54 % gold and 50.74 % silver recovery.
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