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Abstract: A sample of the refractory gold-containing ore of the Karernoye deposit was subjected to a stage crushing up to -0.071+0 mm 
of grain size grade, followed by separation and averaging in accordance with the standard sampling technique for technological studies 
and material composition reseraches. According to the chemical analysis, the average gold content the sample is 1.02 g/t. The content 
of other elements and their compounds is as follows, %: Fe2 3  – 5,3; Feox   – 2,17; SO4

2-  – 0,045; S2+  – 0,015;   S2-  – 0,865; Ctotal
   – 1,87; 

Corg. < 0,1. Mineralogical and electron microscopic methods of analysis shown that gold in this sample is presented mainly in the form of 

regulations requirements 

conc.

into consideration
and a high content of sulphide sulfur in the form of pyrite, the process of its further processing by direct cyanidation will be ineffective. In 

cyanidation.
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Introduction. At the present time, the metallurgi-
cal industry faces the problem of a negative tendency 
towards share increase of sulphide, off-balance, com-
plex in chemical composition resistant gold-bearing 
ores in the total volume of processed raw materials. 
This is related to a decrease in the reserves of the most 
accessible and lightly-conceived ores and an increase 
in the proportion of gold-containing ores and concen-
trates, the treatment of which in conventional cyanide 

of gold recovery [1].
In the middle of the 50s, in the territories of many 

CIS republics, geological samples from new deposits 
and deeper horizons of known deposits were stud-
ied, previously unknown in terms of the geological 
structure and features of the material composition of 

-
resented by mineralized zones and deposits in sedi-
mentary and volcanogenic-sedimentary rocks. Gold 
in ores is associated primarily with sulphides (pyrite, 
arsenopyrite, chalcopyrite, etc.), with iron oxides and 

-

of deposits of this type explored in subsequent years, 
their exploitation is hampered to the present because 
of the persistent nature of primary sulphide ores, the 
processing of which requires the use of special expen-
sive technologies. [2-5].

The development and reclamation of technology 
for extracting gold from accumulated technogenic 
mineral objects, primarily from refractory gold-con-
taining ores, as well as from the dumps and tailings 
of gold recovery factories and industries, acquires 

whose raw stock of conditioned ore is close to ex-
haustion. In this regard, the rationale of this research 
area is subjected to the presence in our country of a 
large number of poor and refractory gold-containing 
ores that are not currently processed [6, 7]. The object 
of this study was the refractory gold-containing ore of 
the Karjernoye deposit.

enrichment of a refractory gold-containing ore and  
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-
cock-Louiken formula [8-10].

Experimental part and discussion of the results.
To study the technological properties of the sample 
of the Karjernoye deposit, a sample of the initial ore, 
represented as a core, with a particle size of 5 to 15 cm
was selected. After averaging and quarting, the sam-
ple was crushed on a jaw and roll crusher, followed by 
grinding to a size of -0.071 mm on a ball mill. Before 
the experiments start, the sample was sent for chem-
ical, mineralogical, phase and electron microscopic 
analyzes.

According to the chemical analysis, the average 
gold content of the sample is 1.02 g/t. The content 
of other elements and their compounds was also de-
termined as follows, %: Fe2 3  – 5,3; Feox  – 2,17; 
SO4

2-  – 0,045; S2+  – 0,015; S2-  – 0,865; Ctotal  – 1,87; 
Corg. < 0,1.

Mineralogical analysis of the sample revealed a 
predominance of impregnations of pyrite and arse-
nopyrite in sandstone (Figure 1). According to the 
mineralogical and phase analysis, no visible native 

study of minerals on an electron probe microanalyz-
er revealed the presence of microinclusions of gold 
in pyrite (Figure 2a, b). In accordance with Figure 

-

65 (a) and 250 (b), contain gold particles. Thus, in 
photographs 4, “invisible” gold in pyrite is record-
ed. The grain size of the latter is 0.437x0.563 m.,
That is 437 563 nanometers, 0.469 0.469 m,
0.258 0.328 m, 0.141 0.164 m and 
0.023 0.023 m. The obtained results indicate the for-
mation in this sample of mineralogy of submicroscopic 
(“invisible”) gold [2].

anshlif  an increase of x 100

Figure 1 – Pyrite dissemination in sandstone 

photographed in EDS mode S.

The results of mineralogical and electron micro-
scopic studies shows that gold in this sample is in a 
sulphide form in the type of intergrowths with pyrite 
and interspersed with quartz and sandstone. Ores 

extracting a useful component, with additional hydro- 

-
trate according to the optimal regime were carried 

“Mekhanobr” type with a chamber volume of 0.5; 1.0 
and 3.0 dm3.
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7-7.5 in a closed cycle with 3 cleanings at a pulp 
density of 30 %, according to the scheme shown in 
Figure 3. 

Flotation was carried out using the following re-
agents:

-
cate is 84.5 %;

- T-80 - blowing agent, activity 100 %;
- vitriol copper - activator, activity 65 %;
- sodium sulphide - activator, activity 100 %.

-
-

trate with a gold content of 26.68 g/t was obtained, with 
a mass yield of 3.48 %, recovery to the concentrate of 
91.0 %. In the tails with a content of 0.09 g/t, 9 % of gold 
remained. Flotation results are shown in Table 1. 

Products name Yield, % Content, g/t Extraction, % Au

Concentrate of the 3,48 26,68 91,0

Tails 96,52 0,09 9,0

Ore 100 1,02 100,00

also showed the presence of the following elements 
and compounds, %: SiO2 – 35.65; Al2O3 – 9.25; 
As – 1.75; Sb – 0.004; Ctotal

 – 12.6, C org  – 0.14. The 
content of total sulfur in the concentrate reaches 
32 % and almost all of it (more than 99 %) is associ-
ated with pyrite (FeS2) according to the data of phase-
phase analysis. The chemical composition of the ob-

Initial ore
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TU 48-16-6-75, which are shown in Table 2.

enrich.)
has been calculated by the following formula:

= Wconc../Wore. ,
where Wconc./Wore – mass fractions of the use-

ful component in the concentrate and in the ini-
tial ore, respectively, and was in this case: 

= 26,68/1,02 = 26,2;

concentrates

Name of 
concentrate

Content
Humidity,

%Gold not 
less than, g/t

Impurities, %
Arsenic Antimony Alumina

Gold-containing

concentrate
20,0 2,0 0,30 10,0 6,0

quantitative reduction of the mass of the concentrate 
in comparison with the mass of the ore, was calculat-
ed by the formula:

. conc.

conc. – yield of concentrate in %, 

[8-10]:
conc.

conc. – yield of concentrate, %,

ore, %.
Estimated value equaled: 

-
fective, because at values   greater than 50 % effective 
and at 25 % ineffective. In this case, we can consider 

Taking into consideration the complex composi-
-

ties (arsenic, antimony and organic carbon) and a high 
sulfur content of sulphide in the form of pyrite, the 
process of its further processing by direct cyanidation 
will be ineffective. Processing of concentrates of this 
type is possible by known methods: pre-treatment of 

concentrates by calcination, autoclave oxidation in 
acid media, chemical or biooxidation. 

-
trates can also be carried out by pyrometallurgical 
methods. In this case, it is conducted jointly with 
the main raw materials at the non-ferrous metallurgy 
plants.

Conclusions. It is determined that gold in the sam-
ples of this ore is in a thin-grained state in iron sul-

Due to these properties, gold is well extracted in 
-

-
tion concentrates was 3.48 %. The initial gold content 
of 1.02 g/t in the ore increased to 26.88 g/t in the con-
centrate, while gold recovery was 91 %.

-

 = 26.2) 

The admixtures of arsenic, antimony and organic 
carbon, found during the chemical analysis, will com-
plicate the process of subsequent cyanidation. The 
harmful effect of these impurities can be eliminated 
by pretreatment of concentrates by calcination, auto-
clave oxidation in acid media, chemical or biooxida-
tion.

-
trates can be carried out using pyrometallurgical 
methods. Then it is carried out together with the main 
raw materials at the non-ferrous metallurgy plants.
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.
2O3 – 5.3; Fe  – 2.17; SO4

2- – 0.045; S 2 + – 0.015; S2--– 0.865; C  – 1.87; C  < 0.1. 

-

-

-

-

-

Fe2 3  – 5,3; Fe  – 2,17; SO4
2-  – 0,045; S2+  – 0,015; S2-  – 0,865; C  – 1,87; C -
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