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RESEARCH INTO HEAP LEACHING TECHNOLOGY OF GOLD-BEARING 
ORES AT THE VASILKOVSKY GOLD ORE DEPOSIT (KAZAKHSTAN)

Purpose. To study gold-bearing ores subjected to heap leaching technology to identify both free gold particles, as well as gold 

in aggregates and adhesions, which makes it possible to obtain data on the distribution of gold by its occurrence forms.

Methodolgy. Leaching process studies are conducted at the laboratory setup of the Institute of Metallurgy and Ore Benefi cia-

tion of the Ministry of Education and Science of the Republic of Kazakhstan. The gold particles are studied using an AxioScope 

A1 optical microscope on the polished thin section surface. The sample materials are taken from the heap leaching site of the 

Vasilkovsky gold ore deposit.

Findings. As a result of a microscopic test of a sample taken from the heap leaching site, ultrafi ne-dispersed and fi nely-dis-

persed gold particles have been found both in free form and in aggregates with waste rock and arsenical pyrite, as well as the fact of 

Au particles – “adhesions”, accumulated on a grain of the host waste rock. The size class of detected Au particles varies from 0.35 

to 9.5 m.

Originality. For the fi rst time, according to the samples of gold-bearing ores of the Vasilkovsky gold ore deposit, a pattern of the 

gold distribution according to the forms of its occurrence has been revealed.

Practical value. The data obtained as a result of the research make it possible to predict the distribution of the gold form occur-

rence in other areas of the deposit. This can greatly simplify the conditions for its development, as well as adjust the technological 

process of leaching the gold-bearing ores and the main technological parameters of the heap leaching process.
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Introduction. Mining of precious metals in the Republic of 

Kazakhstan is performed both at placer and primary deposits, 

which implies a fundamental transition of technologies from 

traditional to physical-chemical and, above all, to heap leach-

ing. Thanks to the latter, it is possible to signifi cantly reduce 

capital investments and operating costs [ 1]. Heap leaching is 

usually applied to low-grade off -balance ores or old dumps 

formed as a result of stockpiling off -balance ore. Gold leach-

ing is used in mining of small deposits, processing of old 

dumps, as well as low-grade off -balance ores. Not all ores are 

suitable for heap leaching. It is most effi  cient to recover gold 

and silver from silicifi ed and calcareous sedimentary rocks, 

sandy dolomites and shales, quartz and volcanic rocks.

In world practice, when processing low-concentration 

gold-bearing ores, in recent decades, the heap leaching of gold 

with alkali metal cyanide solutions has been widely used, 

which expands the raw material base and improves the techni-

cal-and-economic performance of both existing and new gold 

mining enterprises, without signifi cant capital costs  [2 , 3].

Heap leaching of gold, fi rstly implemented in the United 

States, was the beginning of a new stage in mining of gold ore 

deposits with a relatively low content of the precious metal, 

since this geotechnology, in comparison with traditional ap-

proaches, does not require such costly processes as grinding 

and preliminary concentrating of gold-bearing mineral raw 

materials. A special program developed by the United States 

Bureau of Mines (USBM), which provided for certain govern-

ment benefi ts, loans within reasonable taxation, has contrib-

uted to the rapid development and implementation of a new 

technology for heap leaching of gold from low-grade ores in 

the US industr y  [4, 5].

Heap leaching, as a highly profi table and environmentally 

friendly gold mining process, has become a common gold 

mining practice in the USA, Canada, Australia, South Africa, 

China, Mexico, Chile, Portugal and many other countries. 

This technology is being implemented very quickly and very 

eff ectively. Despite the effi  ciency of the heap leaching process 

of gold recovery from the ores of most deposits in the Za-

baykalsky Krai, Primorsky Krai, Uzbekistan, Tajikistan and 

other regions, the industrial development of heap leaching 

technologies for precious metals in the USSR was held back 
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for a number of reasons. It was only in the early 1990s that the 

industrial development of heap leaching technology for gold-

bearing raw materials be ga n [6, 7].

In the mining industry of the Republic of Kazakhstan, 

geotechnological processes, such as heap leaching, have been 

developed relatively recently. As a result, the advantages of 

these ore processing methods have not been fully rev ealed [8]. 

Technological schemes for heap leaching process are relatively 

simple and low-cost compared to those used in gold recovery 

plants.

Most of the existing heap leaching enterprises use surface 

mined ore, which is the most economical method when min-

ing the large low-grade ore de posits [9]. Depending on the 

material composition of the ore, the leaching material should 

have a certain particle size in order to ensure the necessary 

contact with the solution, as well as dissolution. The prelimi-

nary ore preparation can be excluded (in this case, the ore 

mined from the subsoil is sent to the pile), or crushing and 

agglomeration can  be used [10]. Particular attention should be 

paid to the geomechanical monitorin g system [11], which al-

lows not only determining displacements and deformations of 

structures, but also assessing the geomechanical state of the 

earth’s surface  and rocks [12].

Ores at a number of precious metal deposits of Kazakhstan 

have signifi cant hardness, as well as contain both free and in-

visible gold in arsenical pyrite  and pyrite [13]. The presence of 

such gold causes high demands on the operation of the ore 

crushing and leaching cycle, as well as on the development of 

new ore preparat ion methods [14]. At the ore preparation 

stage, a signifi cant amount of fi nes is formed, the presence of 

which sharply reduces the seepage of the solution through the 

ore layer in the pile during leaching.

The Vasilkovsky gold ore deposit is located in the contact 

zone of two granite intrusions of diff erent ages: granodiorite 

– granodioritic (Krykkuduk); gabbro – granodiorite – gra-

nitic (Borovsk).

The rocks of the Vasilkovsky ore fi eld are intensively hy-

drothermally altered. Several mineralization stages have been 

revealed:

- preore – quartz – feldspar veins and veinlets;

- hydrothermal changes associated with spatial-temporal 

relations with ore quartz – arsenical pyrite veins (silicifi cation, 

sericitization, chloritization, biotization);

- postore stage of quartz – carbonate, carbonate – fl uo-

rite, carbonate – epidote veins.

The sequence of zoning the ore stage rocks is invariable 

chlorite-sericite, quartz-sericite, sericite veins. The main type 

of ores is arsenic disseminated, vein-disseminated and vein.

The bulk of the ore bodies is represented by quartz-arsen-

ical pyrite veinlets of various thickness and length. Usually, the 

quartz component in the veinlets exceeds the arsenical pyrite 

component. Monomineral arsenical pyrite veinlets are rare, 

gold is associated mainly with qua rtz  veinlets [15, 16].

The vein-disseminated ores represent a transitional aure-

ole. The gold content in them is very heterogeneous. The dis-

seminated ores form the outer mineralization layer. The gold 

content in them is low, in the primary ores of the deposit it 

ranges from 0 to 26.8 g/t, on averag e, about 5 g/t [17].

The thickness of the oxidation zone, which spatially coin-

cides with the ancient weathering crust, varies from 4.5 to 

46.5 m. Individual segregations of oxidized sulphides occur at 

depths up to 80 m. Sulphides are replaced by scorodite and li-

monite during oxidation. With an increase in the depth of the 

oxidized zone, the gold co ntent increases [18].

The following minerals are identifi ed in the composition of 

ore bodies: hematite, limonite, arsenical pyrite, chalcopyrite, 

pyrite, marcasite, magnetic pyrite, molybdenite, bismuthine, 

fahl ore, chalcocite, bornite, tetradymite, silicates – quartz, 

sericite, chlorite, tourmaline, prehnite, feldspars, fl uorite, as 

well as native metals –  gold and bismuth [19]. The gold con-

tent in the oxidized zone reaches up to 56.8 g/t. The size of 

gold particles is from tenths of a micron to 250 μm. The bulk 

(more than 50 %) has a size of 4 to 14 μm.

In terms of size, gold is distributed uniformly throughout 

the deposit. Only with depth in the oxidized and sulphide 

zones, there is some increase in the size of particles: the largest 

gold particles of 40–120 μm occur at a depth of 300 m and ag-

gregate predominantly with chalcopyrite. The size of gold par-

ticles in quartz is 2.5–8 m; shape is round and irregular.

The gold-bearing ores of the Vasilkovsky deposit are very 

diverse in terms of their material composition and forms of 

gold occurrence, and in each specifi c case, a certain technol-

ogy for their processing is required. The cyanide leaching 

technology has become the most widespread.

Heap leaching with an alkali metal cyanide solution is a 

promising method for involving low-grade ores, dumps and 

small deposits in gold recovery. This allows expanding the ore 

base and improving the technical-and-economic performance 

of gold mining enterprises, which is extremely important for 

the mining industry in Kazakhstan.

Methods. Gold in ores is in association with copper and 

iron-bearing minerals. In order to leach gold, fi rst of all, it is 

necessary to open these minerals. The gold dissolution rate de-

pends on the rate of opening the minerals with which it is as-

sociated.

In recent years, close attention has been paid to the study 

of the selective dissolution of gold in a lka line solutions [20, 

21]. It has been revealed that Au dissolves quite easily, while 

Ag and Cu dissolve very slightly in such media, which is ex-

plained by the formation of hardly soluble fi lms based  on Ag2S 

and Cu1.92S [22].

Percolation leaching is conducted using the laboratory 

setup of the Institute of Metallurgy and Ore Benefi ciation of 

the Ministry of Education and Science of the Republic of Ka-

zakhstan. The percolators are equipped with false bottoms and 

polyethylene vessels for collecting solutions after irrigation. 

Ore sub-sample of a certain size in each percolator in labora-

tory experiments is 20 kg.

The leaching solution is fed into the percolators from 

above. Passing through the ore mass, it is collected in a collec-

tion tank. Upon reaching a certain concentration of gold in the 

solution, the latter is fed to sorption. Solutions after sorption, 

completely or partially refreshed with a solvent and replen-

ished with water to the required volume, are sent for  re peated 

irrigation [23, 24]. Acidity is regulated using a pH-meter.

Before leaching, the ore is saturated with water for 

4–20 days (80 l/t of ore). At the initial stage of the process, the 

infl uence of the solvent concentration on the process param-

eters is studied at a constant irrigation density and a pause in 

irrigation. The optimal parameters of percolation (heap) 

leaching of ores, such as solvent concentration, density and ir-

rigation pause, depend on the chemical and mineralogical 

composition of the ore. These parameters are set experimen-

tally. Before loading into the percolator, the ore is crushed.

The initial raw material is the ore from the Vasilkovsky de-

posit. The only main valuable component in the processed ore 

is gold, the content of which is about 2.0–2.3 g/t. In terms of 

mineral composition, the ore is 97 % represented by rock-

forming minerals, the main of which are quartz, plagioclase 

and potassium feldspars. The ore mineralization is represented 

by sulphides – pyrite and arsenical pyrite. Their total share in 

samples is 3 %. In terms of material composition, the ore from 

the Vasilkovsky deposit belongs to the gold-quartz low-sul-

phide primary type of ores.

From the analysis of literary sources, it follows that metal-

lic gold interacts with a wide range of various reagents, thus 

forming soluble compounds. During the experiments, the al-

kaline solutions of NaCN and sulfuric acid solutions (H2SO4 – 

5 g/dm3) containing KBr, NaCl, FeCl3, Fe2(SO4)3, CS(NH2)2, 

CO(NH2)2 in various c oncentrations are used [25]. The ex-

periments are conducted in a thermostatted beaker at a tem-

perature of 293 K, with a ratio of S : L = 1 : 10, the leaching 
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time is 6 hours. The concentration of thiourea solution during 

percolation leaching of ore is varied from 2.5 to 40 g/dm3. Ir-

rigation density is 50 dm3 per ton of ore. The process is con-

ducted in two modes: percolation and immersion of the ore in 

the percolator, alternately fl ooding the ore for a day with sulfu-

ric solutions of ferrous sulphate (III) and thiourea.

The gold particles are tested on an AxioScope A1optical 

microscope designed to work with bright fi eld, dark fi eld, 

phase contrast, as well as Diff erential Interference Contrast 

(DIC) and its alternative PlasDIC.

Results and discussion. The maximum gold recovery with-

out an oxidizing agent is observed when using leaching solu-

tions containing, g/dm3: thiourea – 5.0 and urea 20.0, while 

when leaching separately with solutions of thiourea and urea 

solutions with a concentration of 20 g/dm3, 45.5 and 36.1 % of 

gold has been recovered, respectively. When using potassium 

bromide (20 g/dm3) as a solvent, the recovery of Au is 40.5 %.

The use of a sodium chloride solution in combination with 

an oxidizing agent such as ferric chloride makes it possible to 

obtain a maximum recovery of 28.1 % gold at a FeCl3 concen-

tration of 7.5 g/dm3.

The admixture of Fe(III) as an oxidizing agent in the 

amount of 2.5 g/dm3 in solutions of urea (5 g/dm3), thiourea 

(5 g/dm3) and in their mixtures signifi cantly increases the re-

covery of gold, up to 80.0, 80.2, 82.6 %, respectively. With an 

increase in the concentration of Fe(III), the recovery of gold 

decreases, since the maximum concentration of Fe2(SO4)3 in 

urea solutions is 0.32 %, and thiourea – 0.4 %. An increase in 

these concentrations of reagents during gold leaching leads to 

a decrease in the process effi  ciency.

The variety of gold grains can be characterized as ultrafi ne-

dispersed (0.1–1.0 m) and fi nely-dispersed (1.0–10.0 m) –

according to the classifi cation by N. V. Petrovskaya “Samorod-

noe zoloto” (Native gold).

The shape of gold particles is varied: elongated, monoli-

thic, isometric, irregular oval, fi liform. The contours are both 

smooth and uneven with jagged edges. The surface of the par-

ticles is both clean hummocky and without roughness. The 

only case of the so-called “fl our gold” is noted, which has oxi-

dation fi lms on its surface (Fig.1).

As a result of microscopic test using an AxioScope A1 op-

tical microscope, on the polished thin section surface formed 

from this material, 1 “adhesion” fact and 23 gold particles 

have been identifi ed. They include:

- particles in free form (33.33 %) – grain size from 0.35 to 

3.05 μm, that is ultrafi ne-dispersed, fi nely-dispersed gold;

- 3 particles in aggregates with arsenical pyrite (12.5 %), 

Au size from 0.45 to 9.5 m;

- 12 particles in aggregates with waste rock (50.0 %). The 

grain size varies within Au from 0.45 to 2.6 m;

- the only fact of accumulated gold particles, presented as 

if in the form of “adhesions” on the host waste rock – 4.17 %. 

It is not possible to determine the size of these particles due to 

their unnatural “smeared” shape.

As a result of a microscopic test of a sample taken from the 

heap leaching site – 11, dated November 06, 2019, ultrafi ne-

dispersed and fi nely-dispersed gold particles have been found 

both in free form (Figs. 1, a, b), and in aggregates with waste 

rock and arsenical pyrite, as well as the fact of accumulated Au 

particles – “adhesions” on the grain of the host waste rock 

(Figs. 2–4). The size of the Au particles found in the product 

varies from 0.35 to 9.5 μm.

The size of gold particles is one of its most important tech-

nological characteristics. Based on the behavior of gold in sub-

sequent technological operations of ore processing, three 

groups are conditionally distinguished by size:

- coarse gold with a size of gold particles over 0.07 mm;

- fi ne gold with a particle size from 0.01 to 0.07 mm;

- fi nely-dispersed gold with a size of less than 0.01 mm.

During ore grinding, coarse gold is freed from its bond 

with rock and minerals. It is easily captured during gravity 

concentration, but it fl oats poorly and slowly dissolves in cya-

nide leaching processes.

Fine gold in crushed ore is partly in a free form, and partly 

in aggregates with other minerals. Fine free gold fl oats well, 

dissolves quickly in the cyanide leaching process, but is diffi  -

cult to recover by gravity methods. The fl otation activity of 

such gold is determined by the fl otation properties of the min-

eral associated with it.

Finely-dispersed gold, associated in most cases with sul-

phide minerals, is only slightly opened during ore grinding, 

and the bulk of it remains in minerals. During cyanide leach-

ing process, such gold does not dissolve, but in the processes of 

gravity and fl otation it is recovered together with carrier min-

erals.

The coarsest gold grains have been found in marginal ag-

gregate with arsenical pyrite, the parameters of which are Au 

9.15  9.5 μm.

Based on the data obtained, 65.22 % is of the “1.0–

10.0 m” class – fi nely-dispersed gold, which is 30.44 % more 

than in the “0.1–1.0 m” class – ultrafi ne-dispersed gold ac-

cording to the classifi cation by N. V. Petrovskaya “Samorod-

noe zoloto” (Native gold).

From the data obtained on the distribution of gold accord-

ing to the forms of its occurrence in the sample, it can be ar-

gued that 29.16 % is the so-called “virgin” gold. There is a 

single case of the so-called “fl our gold”, which has oxidation 

fi lms on its surface – 4.17 %. Au aggregates with host waste 

rock – 50.0 %, of which 37.5 % belongs to aggregates repre-

sented by “core inclusions”. The percentage ratio of free gold 

a b

Fig. 1. Free gold particles:
а – in polystyrene; b – covered with an oxidation fi lm Fig. 2. Gold in aggregates with arsenical pyrite
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in relation to gold in aggregates is 33.33 : 66.67 %, respectively. 

The shape of gold particles is varied: elongated, monolithic, 

isometric, irregular oval, fi liform. The contours are both 

smooth and uneven with jagged edges. The surface of the par-

ticles is both clean hummocky and without roughness.

In turn, corroded particles of metal scrap Fe (percentage 

ratio – 10.4 % of the total amount of test grains, excluding 

waste rock particles), as well as free particles of silver Ag – 

0.7 % occur repeatedly.

Since the sample material is taken from the heap leaching 

site, most of the host waste rock grains of the product are yel-

low-ochre to vermilion red in color (Fig. 5). The reason for 

staining is the presence in it of a suffi  ciently large percentage of 

goethite-hydrogoethite aggregates – 13.6 %, which are oxida-

tion zones closely associated with each other and other miner-

als, and the presence of an equally high content of artifi cial 

iron (metal scrap fragments) – 10.4 %.

The size of the largest metal scrap fragment – Fe from this 

sample, reaches 1253 μm (Fig. 6), while the maximum size of 

sulphide minerals, in particular arsenical pyrite, reaches 

Fig. 3. Gold in aggregates with host waste rock

Fig. 4. Gold “adhesions” on the grain of the host waste rock

Fig. 5. Area of polished thin section (200X magnifi cation) Fig. 6. Associated components in the test sample
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860 m. Non-metallic components are represented by prevail-

ing quartz, mica, feldspars, carbonates, chlorite and sericite.

Since the sample material is taken from the heap leaching 

site, most of the host waste rock grains of the product are yel-

low-ochre to vermilion red in color (Fig. 6). The reason for 

staining is the presence in it of a suffi  ciently large percentage of 

goethite-hydrogoethite aggregates – 13.6 %, which are oxida-

tion zones closely associated with each other and other miner-

als, and the presence of an equally high content of artifi cial 

iron (metal scrap fragments) – 10.4 %.

Characteristics of associated components in ore are pre-

sented in the order of their occurrence:

- sulphides: arsenical pyrite – Ars (FeAsS), pyrite – Py 

(FeS2), chalcopyrite – Cp (CuFeS2), rarely: bismuthine – 

Bi2S3 and secondary copper sulphide (covelline and digen-

ite) – cov/dig (CuS/Cu9S5);

- iron oxides and hydroxides: goethite/hydrogoethite – 

goe/hydrog (HFeO2/HFeO2ag), magnetite – Mgt (Fe3O4), 

hematite – Hm (Fe2O3), as well as rutile – TiO2 and titano-

magnetite (Ti-Mgt) in direct association with ulvospinel and 

leucoxene – Ti-Mgt/ulvosp/leucox.

Along with this, quite often, zircon ZrSiO4 grains are iden-

tifi ed, which are presented in the form of well-faceted arrow-

headed minerals of a long-prismatic and dipyramidal habitus, 

both regular shape, retaining its contours, and partially de-

stroyed shape (marginal remnants).

In turn, corroded particles of metal scrap Fe (percentage 

ratio – 10.4 % of the total amount of test grains, excluding 

waste rock particles), as well as free particles of silver Ag – 

0.7 % occur repeatedly.

The form of gold particle occurrence in a sample taken 

from the heap leaching site – 11, dated November 06, 2019, is 

shown in Table, and the distribution of gold according to the 

forms of its occurrence in a sample taken from the heap leach-

ing site is shown in Fig. 7.

As can be seen from the diagram, gold in aggregates with 

waste rock has the maximum distribution (37.5 %), free gold is 

8 % less. Gold has an equal distribution (12.5 %) in aggregates 

with waste rock, in marginal aggregates and in aggregates with 

arsenic pyrite. At the same time, free fl our gold and gold “ad-

hesions” on the grain of the host waste rock have an equal dis-

tribution (4.17 %).

When calculating the ratio of Au particles to a particular 

size class, the fact of accumulated gold particles of “adhesion” 

is not included. Since it is impossible to determine the param-

eters of gold particles due to their unnatural “smeared” shape 

(the original size of Au particles has not been saved).

The gold content in the bulk gravity-fl otation concentrate 

obtained as a result of the ore benefi ciation process at the 

Vasilkovsky deposit is 25–40 g/t. In terms of mineral composi-

tion, the concentrate consists of 40–60 % of rock-forming 

minerals, mainly represented by quartz, plagioclase, mica and 

potassium feldspars. The ore mineralization is mainly repre-

sented by sulphides, the main of which are pyrite and arsenical 

pyrite. The amount of arsenical pyrite in the concentrate is 

37–47 %, pyrite is up to 10 %.

Conclusions. Based on the conducted research results, it can 

be concluded that the ores of the Vasilkovsky deposit belong to 

the type of low-sulphide gold-bearing ores, and the only valu-

able component of which is gold. The content of gold in the ores 

varies within suffi  cient limits for their industrial development. 

Bismuth, as an associated element, occurs in small quantities.

A characteristic peculiarity of the ore is a very thin dis-

semination of sulphides in the host rocks and a close associa-

tion of gold with sulphides, such as arsenical pyrite and chal-

copyrite. The fi nest inclusions of gold are identifi ed in rock-

forming minerals, such as quartz. The bulk of gold in ores is in 

a bound form in aggregates and enclosed in sulphides. The 

presence of gold in the ore, fi nely disseminated and dispersed 

in gold sulfi des, determines their stability and presents certain 

diffi  culties in the development of gold recovery technology.

Gold in aggregates with waste rock has the maximum dis-

tribution (37.5 %). From the data on the distribution of gold 

according to the forms of its occurrence in the sample, it has 

been determined that 29.16 % is the so-called “virgin” gold. 

There is a single case of the so-called “fl our gold”, which has 

oxidation fi lms on its surface – 4.17 %.
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Дослідження купчастого вилуговування 
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Мета. Вивчення золотовмісних руд, схильних до тех-

нології купчастого вилуговування, для виявлення як 

вільних частинок золота, так і золота у зростках і примаз-

ках, що дасть можливість отримати дані про розподіл зо-

лота за формами його залягання.

Методика. Дослідження вилуговування проводилися 

на лабораторній установці Інституту металургії та збага-

чення МОН РК. Дослідження частинок золота проводи-

лися за допомогою оптичного мікроскопа AxioScope A1 

на поверхні аншліфу. Матеріали проб були представлені 

зразками з ділянки купчастого вилуговування Васильків-

ського золоторудного родовища.

Результати. У результаті мікроскопічного досліджен-

ня проби, відібраної з ділянки купчастого вилуговуван-

ня, були виявлені ультратонкодисперсні та тонкодис-

персні частинки золота як у вільній формі, так і у зрост-

ках з порожньою породою та арсенопіритом, а також 

факт скупчення частинок Au – «примазки» на зерні по-

рожньої породи. Розмірність часток Au варіює в межах 

від 0,35 до 9,5 мкм.

Наукова новизна. Уперше виявлена закономірність роз-

поділу золота за формами його залягання зі зразків золо-

товмісних руд Васильківського золоторудного родовища.

Практична значимість. Отримані в результаті досліджен-

ня дані дають можливість спрогнозувати розподіл форми 

золотистості на інших ділянках родовища що значно спрос-

тить умови його розробки, а також скоригувати технологіч-

ний процес вилуговування золотовмісних руд і основні тех-

нологічні параметри процесу купчастого вилуговування.

Ключові слова: золотовмісні руди, вилуговування, золо-
то, дослідження, родовища
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