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ABSTRACT

The study of the material composition of gold-bearing ores includes the determination of
guantitative chemical and mineral composition, forms of noble metals, granulometric
composition, and physical and mechanical properties to choose the direction for the
development of an effective technology of their complex enrichment. This work is devoted to the
study of the material composition of refractory gold-bearing ore of Aktobe deposit. It was
determined that the content of gold is 1.55-1.6 g/t, the mass fraction of silver is 42-43 g/t, and
the content of sulphur is low and is 1-1.1% respectively. Of non-ferrous metals, zinc 0.17%, and
lead 0.15% are present in insignificant amounts, and the content of harmful impurities antimony
and arsenic are insignificant and amounted to 0.01 and 0.05%. The ore sample has a relatively
uncomplicated mineral composition: rock-forming minerals represented by quartz, potassium
feldspar, calcite, and mica predominate significantly. Ore minerals are represented by pyrite up
to 10 %, limonite up to 0.5 %, galena 0.15-0.2 %, sphalerite 0.17-0.2 % and gold. Physical and
mechanical properties of the ore were determined. According to the category of crushability, the
ore belongs to the category of medium hardness. According to Bond's method, the "index of
network Wi" of ball milling was determined for the initial ore, which was 19.3 kW-h/t-um°3,
Based on the obtained data on the study of material composition, further research will be
directed to the study of gravity and flotation enrichment.
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Introduction

The Aktobe deposit is located in the Moyinkum
region of Zhambyl province and is part of the

Within this field, relatively recently (1984-88)
performed prospecting works revealed 20 ore
occurrences and about 30 occurrences and points
of mineralisation of gold, 1 of silver, 9 of

Mynaral ore field. The Mynaral ore field differs
from other ore fields of the Chu-lli ore belt by its
peculiar history of geological development,
volcanism, magmatism and mineralisation. The
discovery of a significant number of occurrences
and points of ore mineralisation within its
boundaries, as well as a huge number of hypogenic
halos, allows us to reasonably distinguish the
Mynaral ore cluster as a gold-bearing territory.

molybdenum, 6 of lead, 3 of beryllium, 3 of
manganese and 2 of copper.

The prevalence of gold mineralisation over
other metals is overwhelming. This characterises
the manifested specialisation of the ore field for
gold.

Concerning the study, within the limits of the
ore field the conducted works revealed about 50
ore occurrences and manifestations of gold, 5 of
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which were most fully studied by mining and
drilling works, which gave the justification to
separate them into one deposit, called
Mynaralskoye, with reserves of 30.0 tonnes of gold
with an average grade of 12.0 g/t and vein
thickness from 1.0 m to 3 m. Currently, this deposit
has been mined to a depth of 240.0 metres from
the surface by underground mining. The remaining
45 gold occurrences remained poorly explored and
underexplored due to the collapse of the USSR and,
as a consequence, the cessation of state budgetary
allocations. In 2017, TOO "Mynaral Gold" and TOO
"Mynaral Resources", having obtained the subsoil
use right for the Mynaral ore field, explored the
Aktobe deposit of 4.7 tonnes of gold according to
the JORC system.

Based on the above, the question arose about
the study of the material composition of the
sample of gold-bearing ore of the Aktobe to choose
a further direction for the development of rational
technology of its processing.

Experimental part

This research was carried out in the non-profit
joint-stock company " K.I. Satpayev KazNITU" at the
Department of "Metallurgy and Mineral
Processing" under the grant project NcAP19680182
"Development of an effective technology of
complex enrichment and processing of refractory
gold-bearing raw materials of the Aktobe deposit".

The object of the study was the gold-bearing
ore of the Aktobe deposit of the Republic of
Kazakhstan.

Used methods of studying the material
composition of the ore sample:

- chemical composition [[1], [2], [3]] -
determined by spectral, chemical, and assay
analysis;

- mineral composition [[3], [4], [5]] -

determined by macroscopic study of samples under
a binocular loupe MBS-1 and microscopic study of
anschlifts on a polarising microscope Leica DM2500
M. For more detailed confirmation of the mineral
composition of the ore, X-ray diffractometric
analysis was made.

- physical properties [[6], [7]]:

Granulometric composition [[8], [9]] -
determined by sieve analysis;

Ore density - measured by pycnometer;

Bulk density of ore - measured by weighing in a
vessel of known volume;

Ore strength according to Protodiakonov [[10],
[11]] - is determined by the instrument of
determination of the strength of POC;

Bond grindability index - determined by Bond's
method [[12], [13], [14], [15], [16], [17], [18], [19]].

Sampling for the above analyses was carried
out using standard techniques recommended in the
study of minerals for enrichment, the meaning of
which is the relationship between the size and
weight of the sample taken, which with sufficient
reliability preserved all the properties of the
original process sample and the ore of the deposit.

Discussing the results
Chemical composition:
The results of the chemical composition of the ore

are summarised in Table 1.

Table 1 — Chemical composition of initial ore

Element Mass fraction
Gold, g/t 1.57
Silver, g/t 42.50
Quartz, % 64.50
Aluminium oxide, % 18.11
Calcium oxide, % 0.76
Iron, % 2.14
Sulphur (total), % 1.06
Copper, % 0.01
Lead, % 0.15
Zinc, % 0.17
Arsenic, % 0.05
Antimony, % 0.01

The results of atomic-emission semi-
quantitative spectral analysis are shown in Table 2.

According to the results of the assay, chemical
and atomic-emission semi-quantitative spectral
analyses, the average gold grade in the ore sample
received for testing was 1.57 g/t. The silver grade
was 42.50 g/t.

The iron and sulphur content of the ore was
2.14% and 1.06% respectively.

Copper content was minimal, lead 0.15 %, zinc
0.17 %.

The content of harmful impurities in the form
of arsenic and antimony is minimal.
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Mineral composition
The material composition was studied by X-ray

diffractometric

analysis

on an

automated

diffractometer DRON-3 with NuCa-radiation, PB-

filter.

Table 2 — Results of atomic-emission analysis of initial

ore
Element Concentra- Element Concentra-
tion, % tion, %
Au <0.0002 Ni 0.003
Ag 0.004 Mo 0.002
Al >>1.0 \" 0.005
Si >>1.0 Ga 0.0015
Fe >>1.0 Ge <0.0002
K >1.0 Sr 0.03
Mg 0.5 Bi <0.0002
Na 0.2 Nb <0.001
Mn 0.15 cd 0.001
Ti 0.3 Te <0.002
Ca <1.0 Tl <0.0005
Cu 0.003 Hg <0.003
Zn 0.1 Y 0.003
Sn 0.001 Yb 0.002
Cr 0.002 Be 0.00015
w <0,002 Ba 0.1
Pb 0.15 Ce 0.01
As 0.05 La 0.002
Sb 0.005 Co 0.003
Sc 0.002 Zr 0.01
Li 0.003 In <0.0005
P 0.15 Ta <0.01
Pd <0.0002 Re <0.0003
Pt <0.001 Os <0.001
Results of semi-quantitative X-ray phase

analysis (Table 3), diffractogram of the sample

(Fig.1).

Table 3 — Results of semi-quantitative X-ray phase

analysis
Mineral Formula Concentration, %
Quartz SiO2 79.1
Potassium KAISisOs 7.2
feldspar
Pyrite FeS: 6.0
Calcite Ca(CO0s) 4.6
Mica KAIl2(AlSi3O10)(OH)2 3.1

The ore sample has a relatively uncomplicated
mineral composition:  rock-forming  minerals
represented by quartz, potassium feldspar, calcite
and mica predominate significantly. Ore minerals
are represented by pyrite up to 10 %, limonite up to
0.5 %, galena 0.15-0.2 %, sphalerite 0.17-0.2 %,
gold and silver, which were determined by X-ray
diffractometric analysis and confirmed by
microscope examination of anschlifts.

Pyrite is observed in two generations, pyrite | -
in the form of intergrowths and phenocrysts of
individual idiomorphic grains up to 1.0 mm in size,
mostly cubic in shape (squares in the anschliff
section).
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Figure 2 - Diffractogram of a sample of initial ore
from the Aktobe deposit

Pyrite Il forms fine-grained inclusions in the
clastic material of the breccia, up to 0.014 mm in
size, the shape of grains is mainly pentagon
dodecahedra. Most of the pyrite is observed in
association with sphalerite and galena, which
intensively replace and corrode it (Figure 3).

Sphalerite forms continuous aggregates and
veins, anhedral grains with emulsion phenocrysts of
pyrite, from 0.05 to 1.2 mm in size, and often
replaces pyrite with the formation of loop
structures. Sphalerite is medium-grained, with
light-yellow internal reflexes (cleophane) (Figure 3).

Galena is less abundant, as a later mineral by
the degree of formation, it performs interstices in
non-metallic minerals, and forms veins and mesh-
like inclusions. It intensively replaces pyrite and
sphalerite. It rarely forms large accumulations
(Figure 3).

Limonite forms thread-like, net-like inclusions
around the grains of nonmetallic minerals, and iron
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hydroxides form crusts with concentric-zonal

structures along the cracks (Figure 4 b).

One inclusion of nugget gold, elongated in
shape, 0.035x0.01 mm in size, straw-yellow in
colour with high reflection was found in the cavity
of limonite leaching (Figure 4 a).

Figure 3 - a) sphalerite (Sf) intergrowth corroding pyrite
(Py) and galena (Gl), b) replacement of pyrite (Py)
by sphalerite (Sf) with formation of loop structure,

c) sphalerite (Sf) and pyrite (Py) intergrowth, pyrite is
corroded by galena (Gl) along cracks

Figure 4 - a) inclusion of nugget gold (Au) in the leach
fracture; b) filamentous limonite (Lim) efflorescence
enveloping grains of non-metallic minerals

Physical properties

The results of sieve analysis of a sample of gold-
bearing ore crushed to 3.3 mm with gold and silver
distribution by size class are presented in Table 4.

The sieve analysis results presented in Table 4
showed that the weighted average grade of gold in
the analysed ore was 1.56 g/t and silver 42.91 g/t.

The distribution of gold content by size class is
uneven. The gold content in the largest class of -
3.3+1.6 mm size class was 1.05 g/t and with
decreasing coarseness of classes increases up to
3.37 g/t.

The distribution of silver content by size class is
uneven. The silver content in the largest class of -
3.3+1.6 mm was 37.29 g/t and with decreasing
coarseness of classes increased to 78.75 g/t.

Table 5 shows the results of the determination
of the physical-mechanical properties of the ore
sample of the Aktobe deposit.

Table 4 — Results of sieve analysis of initial ore

Grain size | Output | Content, g/t Recovery, %

class, mm , % Au Ag Au Ag
-3.3+1.6 20.13 1.05 | 37.29 | 13.50 | 17.49
-1.6+1 31.83 1.07 | 35.17 | 21.77 | 26.09
-1+0.63 12.45 1.12 | 35.71 8.93 10.36
-0.63+0.32 13.45 2.07 | 40.17 | 17.86 | 12.59
-0.32+0.16 7.88 2.06 | 51.33 | 10.41 | 9.43
-0.16+0.074 4.92 2.33 | 60.17 | 7.36 6.90
-0.074+0.0 9.34 3.37 | 78.75 | 20.17 | 17.14
Total 100.0 1.56 | 42.91 | 100.0 | 100.0

Table 5 — Physical and mechanical properties of ore
sample

Indices Unit of Values
measurement

pt - specific weight g/cm?3 2.69
(density)
pb - bulk density g/cm?3 1.50
n - porosity % 44
f - Protodiakonov's -
coefficient of strength 12.12
Bond crushability index | kWh/h/t:mcm?®> 19.3

Ore hardness according to Protodyakonov was
12.12 - the ore is categorised as medium hardness
in terms of crushability. The bond crushability index
was 19.3 kW-h/t-um0.5, the ores of Aktobe deposit
are classified as medium crushable.

Comparison of the results of the study of the
material composition of gold-bearing ore of the
deposit "Aktobe" with the results of earlier studies
[[3], [20]], carried out on similar gold-bearing ores,
it is established that further research on the
development of technology enrichment of ore of
the deposit "Aktobe" is advisable to continue with
the study of gravity and flotation enrichment.

Conclusions

Based on the results of research on the
material composition of ore of the deposit
"Aktobe" the following main conclusions can be
made:
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- according to the results of assay analysis, the
average gold content in the studied ore was 1.57
g/t and silver 42.50 g/t;

- the main host mineral is quartz, potassium
feldspar, calcite and mica are also present;

- ore minerals are represented by pyrite up to
10 %, limonite up to 0.5 %, galena 0.15-0.2 %,
sphalerite -0.17-0.2 %;

- harmful impurities in the form of arsenic and
antimony are practically absent, as well as minimal
copper content;

- a microscope examination of the samples
revealed that the ore is represented by nested
disseminated aggregates of galena-sphalerite-pyrite
composition. The main ore mineral - pyrite is
observed in the form of anhedrals and phenocrysts,
individual idiomorphic grains, ranging in size from
0.02 to 1.5 mm in association with sphalerite and
galena, developing mainly along fractures. Nugget
gold is found in a void in brecciated, intensely
leached rock represented by limonite andiron

hydroxides. The grain is elongated, 0.035x0.01 mm
in size, straw-yellow in colour with high reflection;

- the main components in the ore of the
deposit "Aktobe", representing industrial value, are
gold and silver.

Based on the obtained data on the study of
material composition, further research will be
directed to the study of gravity and flotation
enrichment with the development of the optimal
technological scheme for the enrichment of gold-
bearing ore of the deposit Aktobe with the writing
of technological regulations.
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AKTO6€e KeH OpHbIHbIH, KypamMbiHAa anTbiHbl 6ap
KUbIH 6HAeNeTiH KeHAepiHiH 3aTTail KypaMblH 3epTTey

BbapmeHwuHosa M.b., Motosunos WU.10., Tenkos LLU.A., Omap P.C.

Camb6aes YHusepcumemi, Aamamel, KazakcmaH

TYWIHAEME

KypambiHAa anTbiHbl 6ap KeHAepAiH 3aTTaii KypambiH 3epTTey, onapabl KeleHai 6aibiTyablH,
TMIMA] TEXHONOTUACbIH 33ipiey 6afbiTbiH TaHAAy MaKCaTbiHAA CaHAbIK XUMUAMBIK KaHe

MUHEpPanaplK,

Kypamaapapl,  acbln

MeTangapabiH,  KaHgah  Typge  6onaTblHAbIFbIH,

rPaHy/NIOMeTPUANBIK KypamblH, GU3MKa-MeXaHUKaNblK KacMeTTepiH aHbIKTayAbl KamTtuapl. byn
YMbIC AKTE6E KeH OpPHbIHbIH, KypambIHAA anTbiHbl 6ap KeHAEpPiHiH, 3aTTbiK KypamblH 3epTTeyre

Makana kengi: 2 KasaH 2023

CapanTtamagaH eTri: 13 kapawa 2023

Kabbinganapl: 12 xeamokca+ 2023
menwepi Wwamanbl

apHanfaH. ANTbIHHbIH, Menwepi 1,55 — 1,6 r/T, KymicTiH, maccanbik yneci 42-43 r/T, KykipT
Menwepi TemeH XaHe calikeciHwe 1-1, 1% Kypainabl. TycTi meTangapgplH, KypambiHAa a3
menwepae mbipbiw 0,17%, KopfacbiH 0,15%, cypbMa MeH MbIWbAKTbIH, 3UAHAbI KOCNanapbiHbIH,
0,01 xsHe 0,05% 6onagbl. KeH canbiCTbipManbl TypAe Kapananbim

MUHEpPanaplk Kypamfa Me: OHAA KBapL, Kanuini gana wnatbl, KasbUMT, COAA CUAKTbI Tay
JKbIHbICTAPbIH KypaWTbiH MUHepangap 6acbim. KeH MUHepangapbiHblH, KypambiHaa nuput 10%
AeniH, immonuT 0,5% aeinid raneHut 0,15-0,2 %, chaneput 0,17-0,2% kaHe anTbiH 6ap. KeHHiH,

¢M3MKBJ‘IbIK-MeXaHMKaJ‘IbIK KacmeTTepi aHbIKTaNAbl. ¥caTy KaTeropuAcol 6oiblHWa KeH opTala

KaTTbI/IbIK CaHATbIHA ¥KaTaapl. BoHA aaici 6oMbiHWA 6acTanKbl KeH YLWiH Wwap/bl YHTaKTayabliH, Wi
Tasa KyMbIC MHAEKCI " aHbikTangpl. On 19,3 KBT-caf/T-MKM®® Kypaabl. 3aTTbIK Kypamapl 3epTrey
6oibIHWA anblHFAH ManimeTTep HerisiHAe ofaH api 3epTTey/iep TrPaABUTALMANBIK, KaHe

dnoTaumanbik banbiTy 3epTTeynepiHe 6afbiTTanatbiH 6onaapl.
TyliiH ce30ep: anTbiH, KYMIC, XMMUAMbIK TanAdy, MUHEPANOTUAMbIK TanAady, rpaHy/IoMeTPUANbIK,

Tanzay, d1smnKa-mexaHuKanbIK KacueTTepi.
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N3yyeHune Bew,eCTBEHHOrO COCTaBa YNOPHOW 30/10TOCOAEp KAl et pyabl
mecTopoXkaeHua AKTobe

BbapmeHwunHoBa M.b., Motosunos WU.10., Tenkos LLU.A., Omap P.C.

Satbayev University, Aamamel, Kazaxcma

AHHOTALUMUA

M3yyeHne BELLECTBEHHOrO COCTaBa 30/10TOCOAEPIKALWMX pyh BK/AKOYAET onpegeneHue
KO/IMYECTBEHHOIO XMMMYECKOr0 U MWHEPasbHOro COCTaBoB, GOPM HaxoXAaeHua 6aaropoaHbIxX
METaNNoB, MPaHY/NIOMETPUYECKOTO COCTaBa, GU3MKO-MEXaHUUYECKUX CBOWCTB C LEenbio Bblibopa
HanpasieHus Ans pa3paboTku 3PpdEKTUBHOW TEXHONOrMM WMX KOMMJIEKCHOro oboralieHus.
[aHHasa paboTa NOCBALLEHA M3YYEHUIO BELLECTBEHHOrO COCTaBa YNOPHOM 30/710TOCOAEPIKALLEN
pyAbl MmecToposkaeHna Aktobe. OnpeaeneHo, YTo coaepskaHue 3oi101a — 1,55-1,6 r/T, maccosas

Moctynuna: 2 okmabps 2023 pona cepebpa coctasnsetr 42-43 r/T, copepskaHue cepbl HU3Koe W coctasafet 1-1,1%
PeueHsnpoBaHue: 13 Hosbpsa 2023 COOTBETCTBEHHO. M3 LBETHbIX METaN/IoB B HE3HAYMUTE/IbHbIX KONMYECTBaxX MPUCYTCTBYET LUUHK
MpuHATa B nevatb: 12 dekabps 2023 0,17%, ceuHey, 0,15%, copepikaHue BpeaHbIX NPUMECEN CypbMbl U MblLUbSKA HE3HAYUTENbHbIE U

coctasunau 0,01 1 0,05 %.Mpoba pyapl UMeeT CPaBHUTEIbHO HECNOXKHbIN MUHEPAsIbHbIN COCTaB:
CywectBeHHO npeobnafaloT nopoaoobpasyoume MUHepanbl, NpeacTaBleHHble KBapLem,
Ka/sIMeBbIM NO/NIEBBIM LUNATOM, KabLMTOM, CtOA0W. PyaHble MUHepPanbl NPeaCTaBAeHbl MUPUTOM
no 10 %, nmmoHuTom po 0,5 % ranenutom 0,15-0,2 %, cdaneputom 0,17-0,2 % n 3010TOM.
OnpegeneHbl GU3MKO-MexaHWYecKkue cBoicTBa pyapl. Mo Kateropum pgpobumoctu, pyaa
OTHOCWTCA K KaTeropuu cpegHeit TBeppoctu. Mo metoay BoHAa onpegeneH «MHAOEKC YMCTOWM
paboTtbl Wi» apoBOro MU3MenbyYeHUs A8 WCXOA4HOW pyabl, KoTopblit coctasun 19,3
KBT-u/T-MKM®>. Ha OCHOBaHMWM MO/YYEHHbIX AAHHbIX MO M3YYEHWUIO BELLECTBEHHOrO COCTaBa,
AanbHelwmne uccaeaoBaHuna byayT HanpasaeHbl Ha U3yYeHue rPaBUTaLMOHHON U GAOTaUMOHHOM
oboratumocTu.

Kniouesbie cnoea: 3010710, cepebpo, XMMUYECKMI aHaNM3, MUHEPasOrMYeckuin aHanus,
rpaHyNOMeTPUYECKUA aHanns, GU3MKO-MexaHUYecKne CBOMCTBA.
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