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Leading genetic types of base metal deposits of Rudny Altai

Purpose. Study on the processes contributing to the formation of pyrite-polymetallic mineralization in the Rudny Altai, devel­
opment of recommendations for directions for further research.

Methodology. Analysis of literature and fund materials, field studies within known ore fields and deposits, sampling and labora­
tory studies: spectral analysis, studies on the chemical composition of host rocks (ISP-MS – Agilent 7500cx), study on the min­
eral composition of the main types of mineralization (JSM 6390LV)).

Findings. A model of pyrite-polymetallic mineralization genetically related to the Devonian basalt-andesite-rhyolite Early 
Hercynian riftogenic volcanism (D1e-D3fr) was developed.

Originality. The spatial confinement of a number of industrial deposits, areas of sulfide mineralization and near-ore-hydro­
thermally altered rocks to the areas of pinching out of inter- and sub-stratal subvolcanic porphyries of the Middle – Upper Devo­
nian and overlying porphyrites, creating a kind of ore-magmatic systems (OMS), has been established.

Practical value. A new stage of deep geological study on the territory of the Rudny Altai and promising ore-bearing structures 
with the introduction of modern methods of deep geological and mineragenic mapping is recommended.
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Introduction. The Rudny Altai is known as a region where 
large and medium-sized non-ferrous metal deposits are con­
centrated. Many industrial deposits of copper, lead, zinc, gold, 
silver and other metals which form the large Rudnoaltai cop­
per-polymetallic belt are located within it. This belt is divided 
into three metallogenic zones: Beloubinsky-Sarymsaktinsky, 
Rudnoaltaysky and Irtyshsky. The main deposits on the terri­
tory of Kazakhstan and Russia are concentrated in five ore re­
gions: Leninogorsky, Zyryanovsky, Priirtyshsky, Zmeinogor­
sky and Rubtsovsky (Fig. 1).

Many researchers have made a great contribution to the 
study on the Rudny Altai geology and metallogeny (P. P. Burov, 
N. P. Kurek, A. K. Kayupov, P. F. Ivankin, G. N. Shcherba, 
V. V. Popov, B. A. Cheprasov, D. I. Gorzhevsky, G. F. Yakovlev, 
V. V. Avdonin, Starostin, M. G. Khisamutdinov, V. M. Cheka­
lin, Kh. A. Bespayev, Yu. I. Demin, N. I. Stuchevsky, and oth­
ers). One of the most controversial questions was the genesis of 
this large ore-bearing structure.

The purpose of this article is to clarify and deepen the pre­
viously identified patterns of formation of pyrite ores within 
the Kazakhstani part of the Rudny Altai, to form new criteria 
for their further search.

Three hypotheses of pyrite-polymetallic deposit genesis 
were considered in the history of the geological study on the 
Rudny Altai: intrusive, effusive hypotheses as well as volcano­
genic hypothesis, which is taken as a basis in this article [1].

According to this theory, the pyrite-polymetallic ores 
were formed earlier than the main Saurian (C1) folding phase, 
before multiple-act schistening, crushing of rocks and the 
formation of granitoid intrusions of the Zmeinogorsk com­
plex and their derivatives. The main source of ore-bearing 
solutions involved differentiated deep basaltoid magma 
chambers; ores were formed synchronously with the forma­
tion of Devonian volcanic-sedimentary deposits and fluid-
porphyry complexes.

Proponents of this theory pointed at clear signs of subma­
rine volcanic-sedimentary or hydrothermal-sedimentary ore 

deposition in each ore field and deposit. In their opinion, the 
subsequent processes of polymetamorphism significantly 
transformed the already formed primary structures and ores 
and created a unique “Altai” type of pyrite-polymetallic min­
eralization, which is comparable with such world analogues as 
“Cypriot”, “Ural” and “Kuroko”, and later – “Filizchays­
kiy”, “Atasuiskiyo”, “Mirgalimsayskiy”, “Priargunskiy” and 
“Sadonskiy” [2, 3].

Geological and structural setting of the origin of ore-mag-
matic complexes. According to modern concepts, the Rudny 
Altai is an active continental margin of the Altai-Sayan fold 
area (Fig. 1). In the Middle Paleozoic, it was a mobile belt of 
the tectonosphere with a special deep architecture of struc­
tures under tectonic stresses directed from the north-east to 
south-west. This was established by gravimetry, magnetome­
try, seismology, seismic exploration, electrometry, and geo­
thermy data.

A system of adjacent subparallel and obliquely intersect­
ing deep faults falling to the northeast at 60–70° angles was 
formed along the southwestern edge of the Altai microconti­
nent. They contributed to the formation of the Rudny Altai 
tectonic-magmatic lithosphere block, which is linearly elon­
gated in the north-west direction between the Irtysh and 
North-East shear zone.

The intracontinental Irtysh rift zone functioned on the site 
of the Irtysh deep fault in the Silurian-Devonian. The Rudny 
Altai was located in the northeast of the rift zone and was a 
zone of sialic crust basification. The Ensialic island arc was 
formed here at the stage of zone closure in Famennian time; it 
was consolidated by the volcanic-sedimentary dacite-andesite 
formation of the Pikhtov suite (D3fm1) [3].

The linear intracontinental Northeast rift was formed in 
the Beloubinsky-Sarymsaktinsky zone in the northeast of the 
riftogenic zone on the border with the Gorny Altai. Sulphide 
lead and zinc deposits (Nikitinskoye, South Altai group, and 
others) were formed here. Subsequent tectonic-magmatic 
processes in the Carboniferous and Permian time significantly 
complicated the riftogenic structures with the movement of 
individual blocks along sublatitudinal and northeastern faults 
and the injection of giant granitoid masses. The Rudno-Altai 
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metallogenic zone is characterized by a mosaic-block struc­
ture of riftogenic zones within which volcanic-tectonic uplifts 
were formed (Rubtsovskoye, Aleyskoye, Sinyushinskoye, 
Revnyushinskoye, and others). They were areas of intense 
manifestation of predominantly Middle Upper Devonian 
acidic (rhyolitic) volcanism [4].

Uplifts in deep fault zones bordered on volcanic-tectonic 
depressions which were filled with terrigenous rock mass, py­
roclastic sediments, and volcanic formations of the basalt-
andesite-rhyolite formation (D2gv-D3fm1) (the Irtysh ore dis­
trict) [5].

A stratiform hydrothermal-sedimentary mineralization was 
formed within the Leninogorsk depression simultaneously with 
volcanic-terrigenous sediments (Ridder-Sokolnoye deposit, 
and others). Hydrothermal-metasomatic type of pyrite-poly­
metallic and copper-zinc mineralization (Cu, Pb, Zn, Au, Ag, 
etc.) is prevalent in the Irtysh depression (the Irtysh ore region). 
Deposits of this type do not extend beyond the limits of the 
contrast basalt-rhyolite formation (D1e-D3fr) laterally and ver­
tically (Tishinskoe, Maleevskoye, Artemyevskoye, and so on).

As seen, the main industrial pyritic deposits of the Rudny 
Altai were formed in a riftogenic geodynamic setting and, ac­
cording to metallogenic zoning, are combined into a large 
Rudny Altai copper-polymetallic belt of regional significance, 
which is a part of the general geological structure of the Great­
er Altai [6, 7].

The ore belt in question is oriented in the north-western 
direction (its length is about 1000 km); in the northwest it can 
be traced in Russia (Rubtsovsky, Zmeinogorsky and other ore 
regions). In the southeast its continuation is covered by the 
Maimyr downfold sedimentary mass of the Low Carbonic 
age. Then, the ore belt is identified in a reduced form in 
Southern Altai in the Markakol tectonic block (near Lake 
Markakol), where the Alexandrov-Terektinsky ore zone is lo­
cated (Fig. 1).

Further, the ore belt is traced in China where industrial 
pyrite deposits of Ashaly, Koktal and Timurty are known.

A model of a polymetallic ore belt formation can be repre­
sented as follows. Poor ore – bearing volcanites of the dacite-
andesite formation D3fm2 (the Pikhtov suite) typical of island 
arcs were localized here at the end of the Famennian time. The 
subsequent oncoming movement of the Kazakhstan massif 
was accompanied by the convergence of microcontinent and 
blocks, island arcs, and then by their accretion and joint into a 
single continental formation [7].

The compression processes of shifting lithospheric 
blocks led to the formation of a longitudinal asthenospheric 
uplift (Fig. 2) in the upper mantle due to the upward move­
ment of the asthenospheric substance mass and fluid flows 

in deep faults. As a result, a complexly differentiated basalt-
andesite-rhyolite swarm of ore-bearing formations was 
formed [8].

The emerged ore-bearing volcanotectonic structures were 
significantly transformed and complicated along with ore bod­
ies in later geodynamic situations (collisional compression, 
subvertical stretching, horizontal fault-shift displacements 
along tectonic zones).

The placement of giant ranges of magmatites and deep 
decompaction zones according to geophysical data collected 
by Lyubetskoy, G. P. Nakhtigal and other researchers allow 
us to assume the existence of local fluid-saturated systems 
with a complex differentiation of rock composition at depths 
of 80–100 and 160–180 km in the past (according to F. A. Let­
nikov [9]).

In accordance with the idea of global geological processes 
cyclicity and the mantle-plume model of ore-magmatic sys­
tem formation in general for Central Asia it can be assumed 
that the formation of pyrite deposits in the Rudny Altai is 
closely related to the impact of the mantle plume in the Devo­
nian riftogenic geodynamic situation.

The accumulation of fluids and the concentrated migra­
tion of ore-saturated streams seems to be the main one for the 
potential productivity of the entire ore-forming system of the 
Rudny Altai; the presence of favorable structural elements 
facilitated the formation of fluid-magmatic complexes with 
zonal placement of ore-bearing elements (P. V. Yermolov, 
Ye. V. Ponomareva, V. S. Portnov, 2018) [10].

Deposits formed in the result, areas of scattered miner­
alization, zones of near-ore-altered rocks, vulcanites and 
subvolcanic porphyries and porphyrites are considered as a 
single Rudny-Altai copper-polymetallic ore-magmatic sys­
tem (OMS).

Results. The main genetic types of the Rudny Altai pyrite-
polymetallic mineralization are distinguished according to 
their physical and chemical, geological and structural, miner­
alogical and geochemical peculiarities of ore formation.

The stratiform (hydrothermal-sedimentary) type in­
cludes pyrite-polymetallic mineralization, which lies among 
the sedimentary strata of the basalt-rhyolite formation. This 
group of ore objects is localized among unaltered or slightly 
altered sedimentary-pyroclastic and igneous rocks; it has 
lead, lead-zinc, gold-pyrite, and pyrite-polymetallic miner­
alization.

Ore bodies are characterized by the presence of weakly 
folded banded-layered, rhythmic and finely disseminated lay­
ered ores. Such ores were found in the 2 nd ore body of the 
Ridder-Sokolny deposit, Kalendarsky, Verkh-Ubinsky, Osen­
niy, Bannoye, Nikitinsky, Nikandrovsky, Pnevsky deposits 
and the South Altai group of ore occurrences (Fig. 3).

The hydrothermal metasomatic type of pyrite-polymetal­
lic and copper-zinc mineralization is the most widespread and 

Fig. 1. Rudny Altaisky copper-polymetallic belt:
1 – boders of Rudny Altai belt; 2 – ore regions borders; 3 − Ir-
tysh collapse zone; 4 – ore regions; 8−12 – deposits: 8 – copper; 
9 – copper-zink; 10 − pyrite-polymetallic; 11 – lead-zink; 12 – 
zink-lead

Fig. 2. Model of Leninogorskoye ore area:
1 – volcanogenic-sedimentary formations (D1-D3) and carbonate-
terrigenous accumulations (D3-C1); 2 – sub- and interbedded bod-
ies of porphyrite; 3 – tape-like bodies of porphyrite; 4 – green-slate 
formations of before-hercynian basis; 5 – granitoids of caledonian 
age; 6–7 – pyrite-polymetallic deposits, ore zones and bodies, and 
theirs numbers (digits in circles): 1 – Gabriel, 2 – Tishinskoye, 
3 – Ridder–Sokolnoye, 4 – Dolinnoye, 5 – Obruchevskoye, 6 – 
Novo-Leninogorskoye, 7 – Shubinskoye, 8 – Starkovskoye; 8 – 
gidrotermalit of scattered sulphidic mineralization
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the main one in the Rudny Altai. It is closely related to the 
riftogenic tectonic magmatic processes of the Hercynian cycle 
(D2-3) and the formation of subvolcanic porphyry bodies. The 
latter are accompanied by large areas of hydrothermal-meta­
somatic rocks (up to hydrothermalites and metasomatites) and 
pyrite mineralization in the form of separate ore bodies and 
deposits.

This type includes many porphyry-related industrial de­
posits. The latter occupy up to 40–80 % of the volume of the 
Rudny Altai OMS and have a predominantly lapolite-shaped 
and subplastic form with their roots in the zones of magma-
bearing deep faults located along the periphery of large volca­
nic-tectonic uplifts (Fig. 3).

Hydrothermalites with pyrite-polymetallic mineralization 
are located in the frontal parts of ore-magmatic columns, in 
the areas of attenuation of porphyrites. The examples are large 
and unique deposits at the Rudny Altai (Orlovskoye, Zolo­
tushinskoye, Artemyevskoye, Nikolaevskoe, Tishinskoe, Zyry­
anovskoye, Maleevskoye, Irtyshskoe and others); extensive 
geochemical oreols of concentration with a zonal distribution 
of ore-bearing elements (Co-Cu, Cu-Pb-Zn, Pb-Ba-Ag, Au) 
are found here [11, 12].

As a rule, these areas are marked by a decrease in the in­
tensity of the magnetic and gravitational fields, by high-inten­
sity anomalous values of electric polarization, and so on. Sub­
layered and dyke-like bodies of porphyrites are widely devel­
oped. They are located both among and above porphyrites 
creating a screen for porphyrites and ore zones. The frontal 
parts of fluid-porphyry complexes have high prospects for 
identifying industrial pyrite-polymetallic mineralization [13].

The lithological control is characterized by belonging of 
deposit ore fields to compositionally contrasting packs of sedi­
mentary and volcanogenic rocks of the rhyolite composition. 
Ten ore-bearing stratum levels stand out in the Rudny Altai. 
Mineralization at many deposits was found at several (from 
four to six) ore-bearing levels D1-3. Only Early Givetian forma­
tions do not contain industrial mineralization [14].

Three main ore-bearing stratigraphic levels have been 
studied for the Russian part of the Rudny-Altai belt: Emsian- 
Eifelian (Zmeinogorsk deposit); Givetian (Zolotushinsky de­
posit); Frasnian (Rubtsovskoye and Talovskoye deposits).

For Kazakhstan deposits the most characteristic are Em­
sian-Eiffelian level (Ridder-Sokolnoye, Leninogorskoye); 
Early Eifelian (Zyryanovskoe); Late Eifelian (Maleevsky); 
Late Givetian (Nikolaev, Artemyevsky). Ore deposits can be 
located simultaneously at several stratigraphic levels.

Metamorphism of ores is common in the Rudny Altai. 
This made it possible to single out a special “Altaic” type of 
pyrite-polymetallic mineralization. Small relicts of primary 
ores with a specific anomalous mineral temperature zonality 
are found in the most metamorphosed deposits (Volkov, et al., 
1972; Vorob’ev, 1963; Kalugin, 1981).

New ore bodies and zones of disseminated interspersed 
mineralization (often with reverse geochemical zonality) arose 
from the primary ore deposits under various post-ore meta­
morphic processes. Separate ore deposits and zones of 
Talovsky, Starkovsky, Verkh-Ubinsky, Orlovsky-Openyshev­
sky, Zyryanovsky, Novo-Berezovsky, Irtyshsky, Careyerny, 
Grekhovsky, Aleksandrovsky, Talovo-Turgusunsky, Zarya de­
posits and others can be attributed to them.

Many deposits contain a characteristic combination of 
hydrothermal-sedimentary and hydrothermal-metasomatic 
stages of ore formation. These stages can be separated by mag­
matic processes or structural rearrangement. Multi-stage 
metamorphism was caused by the Saurian phase of folding and 
intrusions (of the Zmeinogorsk complex and the Kalbinsk 
type granites (P1) [1, 8].

Based on the variety of mechanisms of formation of Cu-
polymetallic deposits, the duration of the manifestation of ore 
formation processes with subsequent transformations and 
transformations of ore objects, it is advisable to systematize ex­
tensive geological prospecting materials concerning the ge­
netic features of the formation of structures and the placement 
of gold-color-metal ore in them, and on this basis to give a 
predictive assessment of deep-lying objects.

Mineralogical studies on copper-polymetallic deposit 
ores in the Rudny Altai were carried out by many geologists 
(B. I. Veits, I. V. Pokrovskaya, G. P. Bolgov, Kh. A. Bespayev, 
G. D. Ganzhenko, and others). Polyphase inclusions in 
minerals, isotopes of sulfur, lead, oxygen, and so on, pyrite-
polymetallic mineralization of Rubtsovsk, Zmeinogorsk, 
Priyrtyshsky, Leninogorsk and Zyryanovsk areas were con­
sidered (analyzed) by V. V. Avdonin, V. M. Chekalin, 
G. F. Yakovlev, A. S. Lapukhov, K. R. Kovalev, I. V. Gaskov, 
V. V. Popov, N. I. Stuchevsky, Yu. I. Dyomin, O. A. Kovrigo 
and many other researchers.

Parilov Yu. S. considered geological conditions of forma­
tion and possible sources of ore material of non-ferrous met­
al deposits in Kazakhstan based on the study on fluid inclu­
sions [7].

Based on the analysis of available materials, it was estab­
lished that the mineral composition of most deposits is rather 
uniform: galena, chalcopyrite, sphalerite, pyrite and gold. 
There are also fahlores, melnikovit-pyrite, pyrrhotite, mag­
netite, numerous minerals of silver, tellurium and other ele­
ments.

Our studies with a scanning electron microscope revealed 
a typomorphic paragenesis of ore minerals: chalcopyrite, 
sphalerite, galena, bismuthine, and aikinite (CuFeBiS3) 
(Fig.  4, a). The size of microinclusions varies from the first 
units to 100 microns. The latest generation galena penetrates 
the chalcopyrite and sphalerite grains (Figs. 4, b–f ), and also 
forms small inclusions in pyrite and other minerals.

The finest inclusions of bismuthine (Bi2S3) (Fig. 4, d) as 
well as impurities of (in wt%): Ta (3.10), W (2.17), Se (6.78), 
Ba (1.95) and finely dispersed silver were found in galena. Ai­
kinite forms vein impregnation in chalcopyrite (Fig. 4, e). Bar­
ite and calcite are observed among non-metallic minerals. 

Fig. 3. Chronostratigraphic column showing the distribution of 
the deposits of the Leninogorskoye ore field:
1 – Beloubinskaya suite; 2 – Sokolnaya suite; 3 – Ilinskaya suite; 4 
– Kryukovskaya suite; 5 – Leninogorskaya suite; 6 – metamorphic 
rocks; 7 – veined-disseminated silver-barite-polymetallic ores; 8 – 
streaky-disseminated polymetallic ores; 9 – sericitized clayey shales
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Such constancy of ore material composition suggests a similar 
source of ore material, the proximity of genetic types of depos­
its and the similarity of the composition of ore-forming solu­
tions and fluid flows.

According to the above information, the process of ore for­
mation in the Rudny-Altai deposits can be represented as fol­
lows. Ore-bearing fluids contained a wide range of ore ele­
ments (Cu, Pb, Zn, Fe, S, As, Au, Bi, Te, and so on), litho­
genic elements (Si, Mg, Ca, K, and so on), and dissolved gases 
(CO2, N2, H2S, SO2, S, HCl, F, Cl, H, H2O). It was found that 
the main causes of ore deposition are the imbalance in the 
fluid system with decreasing pressure, temperature, acidity 
and composition.

Stratiform type of ores was formed from cold-water car­
bonic, sulfuric and ferrous solutions as a result of mixing them 
with sea waters enriched with ore elements, at a temperature 
of less than 100 °C and a pressure of 100–600 bar. Ions of Na+, 
Ca++, K+, HCO3

-, and gases CO2, H2, S, and so on were de­
tected in the ore-forming solutions based on the data of aque­
ous extracts.

It appears that the ore deposition mechanism is as fol­
lows. These solutions with an initial temperature of about 
300 °C cooled and reacted actively with the sea water during 
pulsating inflow to the seabed under conditions of sharp 
changes in RT, Eh, and pH of the medium. This led to the 
formation of sedimentary hydrothermal layered ores. The sea 
water played an important role of a physical-chemical barrier 
for ore-bearing solutions. Siliceous, carbonate, and organo­
genic sediments with dispersed mineralization concurrently 
formed.

Variations in the isotopic composition of sulfur in sulfides 
are found in these ores, which indicates the presence of bio­
genic sulfur genesis along with juvenile sulphur. Thus, the py­
rites of the 2 nd Ridder deposit contain δ34S from -4.5 to 
+14 ‰, at Kozlushinsky ore deposit – ±10.1 ‰, and at Ga­
briel deposit  – +5 ‰. Sulfur of biogenic origin is found in 
pyrites of host rocks at Strezhansky, Tishinsky and Shemonai­
kha deposits.

In most deposits, sulfur composition is close to the mete­
orite level (δ34S is only +1.5 to +5 ‰). The amount of the δ34S 
isotope increased with the ore process evolution in sulfides. All 
this indicates a single deep source of sulfur at all types of de­
posits and the genetic relation of ores.

Hydrothermal metasomatic ores were formed by the 
same primary solutions, but with less influence of sea water 
and increased changes in oxygen and sulfur regime as well 
as higher PT conditions. The bulk of sulphides were formed 
at a temperature of 200–350 °C and a pressure of 300–
1500 bar. According to pyrite-chalcopyrite geothermometer 
data, the temperatures of various ore types formation were 
determined as 180–450 °C for copper-pyrite stockworks, 
133–195 °C for tabular pyrite-polymetallic ores, 120–
165  °C for densely impregnated copper-zinc ores, 100–
170 ˚С for polymetallic ores, 155–285 ˚С for barite-poly­
metallic ores. The isotopic composition of sulfur in sulfides 
is close to meteoric composition, it varies within a narrow 
range of values (δ34S from -4.2 to +5.2  ‰, from 2.2 to 
+2.0 ‰ on average) [14, 15].

The ores at the Rudny Altai deposits are complex in tex­
tural and structural peculiarities and mineral composition. 
They have increased concentrations of impurity elements (bis­
muth, tellurium, gold, silver, antimony, and so on) in the form 
of submicroscopic inclusions in fahlore, galena, chalcopyrite, 
and sphalerite. The content of these elements increases regu­
larly from the early to late parageneses. The depth of primary 
ores formation is estimated from 0.2–0.5 to 1.5–3 km.

The data presented recreate the general picture of ore for­
mation with an ascending pulsating vadose-hydrothermal sys­
tem of solutions saturated with juvenile products (Cu, Pb, Zn, 
Fe, S, Ag, Au, Bi, Se, Te, Pt, etc.) and leaching elements (Ca, 
Mg , Si, K, etc.) in unstable thermodynamic and physical and 
chemical conditions. In our opinion, the main deposits of the 
Rudny Altai cannot be considered polygenic since the miner­
alization was formed by a single source of ore matter generated 
by a common ore-bearing fluid system [10].

Conclusions. The Rudny Altai has been thoroughly studied 
by geological surveying and geophysical methods. Its ore fields 
and deposits have been estimated by numerous wells and un­
derground mines. The depths of the wells reach 300–500 m, in 
some places 700–1200 m, there are separate wells with a depth 
of up to 2000 m. Modern and restored structural and morpho­
logical models of ore fields and deposits of the Rudny Altai 
were considered by G. F. Yakovlev, G. N. Shcherba, A. A. Ma­
lygin, G. P. Nachtigall, H. A. Bespaev, N. V. Polyansky, 
G. D. Ganzhenko, V. M. Chekalin and other researchers 
(P. V. Yermolov, Ye. V. Ponomareva, V. S. Portnov, 2018) [14]. 
The pyrite-polymetallic and copper-zinc deposits formed in 
the Hercynian cycle of tectogenesis on the activated continen­
tal margin of the Rudny Altai and were controlled by a system 
of deep faults in the north-western direction.

According to the geotectonic position, they formed in a 
riftogenic geodynamic environment (D1e-D3fr) and are ge­
netically related to the group of basalt-rhyolite formations 
(differentiated and contrasting series) which display the results 
of the crust-mantle plume magmatism.

The model of ore formation reflects the genetic connec­
tion of pyrite deposits with the Devonian volcanism, a multi-
stage ore process and a multi-storey distribution of gold-cop­
per-polymetallic mineralization at various geochronological 
levels of the Devonian volcanic-sedimentary section (with a 
vertical span of ores up to 1000–1500 m).

Fig. 4. Micro inclusions of minerals into pyrite polymetallic 
ores:
a – typical association of galenite and pyrite (py); b – joints of a 
galenite (gn) and vismutin (bst) in a regional part with chalcopyrite 
(chp); c – galenite micrograin in sphalerite (sp); d – microinclu-
sion of a galenite with parts of a vismutin and impurity Ta, W; e – 
vein inclusions of aikinite (aik) in chalcopyrite; f – microinclusion 
of a galenite (gn) in pyrite

a b

c d

e f
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Ore formation occurred under submarine conditions 
probably in an upward vadose-hydrothermal solution system 
with a juvenile source of metals (Fe, Mn, Cu, Pb, Zn, Au, Ag, 
and others) and dissolved gases (CO2, N2, H2S, S, Cl, and oth­
ers). Two ore types are distinguished by origin: stratiform hy­
drothermal-sedimentary type and hydrothermal-metasomatic 
type which are represented by the majority of pyrite-polyme­
tallic deposits with rich complex ores (Cu, Pb, Zn, Au, Ag, Pt, 
and others).

As a result of paleometallogenic reconstructions, a pecu­
liar Rudny-Altaic riftogenic copper-polymetallic OMS of the 
Devonian age productive for pyrite-polymetallic mineraliza­
tion (Cu, Pb, Zn, Au, and so on) is distinguished.

The tendency of the belt distribution of pyrite deposits 
and the formation of a large Rudny-Altai copper-polyme­
tallic belt of regional rank (length of about 1000 km) was 
revealed. It shows its high energy potential and opens up 
new possibilities for prognosis and searching for hidden ore 
objects.

To implement the prognoses set forth in [16] and other 
papers a new stage of deep geological study on the Rudny Al­
tai territory and promising ore-bearing structures is recom­
mended. It is necessary to introduce modern methods for 
deep geological and mineralogical mapping of the main ore 
regions using modern technologies of geophysical and geo­
chemical work, a significant scope of structural and explor­
atory drilling, and the widespread introduction of high-preci­
sion analytical research.
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Провідні генетичні типи колчеданно-
поліметалічних родовищ Рудного Алтаю
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Мета. Вивчення процесів, що сприяють формуванню 
колчеданно-поліметалічного зруденіння на Рудному Ал­
таї, розробка рекомендацій напрямів подальших дослі­
джень

Методика. Аналіз літературних і фондових матеріа­
лів, польові дослідження в межах відомих рудних полів і 
родовищ, випробування та проведення лабораторних до­
сліджень: спектральний аналіз, дослідження хімічного 
складу порід, що вміщають (ISP-MS – Agilent 7500cx), 
вивчення мінерального складу основних типів зруденін­
ня (JSM 6390LV) .

Результати. Побудована модель колчеданно-поліме­
талічного зруденіння генетично пов’язаного із девон­
ським базальт-андезит-ріолітовим раннєгерцінським 
рифтогенним вулканізмом (D1e-D3fr).

Наукова новина. Підкреслюється просторова приуро­
ченість ряду промислових родовищ, ареалів сульфідної 
мінералізації та околорудно-гідротермально змінених 
порід до областей виклинювання між- і субпластових 
субвулканічних порфірів середнього – верхнього девону 
та порфіритів, що їх перекривають, які створюють своє­
рідні рудно-магматичні системи (РМС).

Практична значимість. Рекомендується новий етап 
глибинного геологічного вивчення території Рудного Ал­
таю та перспективних рудоносних структур із впрова­
дженням сучасних методів глибинного геологічного й 
мінерагенічного картування.

Ключові слова: генезис, колчеданно-поліметалічні руди, 
порфіри, рудно-магматичні системи, Рудний Алтай
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Ведущие генетические типы колчеданно-
полиметаллических месторождений Рудного 

Алтая

М. А. Мизерная1, Б. А. Дьячков1, А. П. Пяткова1, 
А. П. Мирошникова2, З. И. Черненко1
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ский университет имени Д. Серикбаева, г. Усть-
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Цель. Изучение процессов, способствующих форми­
рованию колчеданно-полиметаллического оруденения 
на Рудном Алтае, разработка рекомендаций направле­
ний дальнейших исследований

Методика. Анализ литературных и фондовых мате­
риалов, полевые исследования в пределах известных 
рудных полей и месторождений, опробование и прове­
дение лабораторных исследований: спектральный ана­
лиз, исследование химического состава вмещающих 
пород (ISP-MS – Agilent 7500cx), изучение минераль­

ного состава основных типов оруденения (JSM 
6390LV).

Результаты. Построена модель колчеданно-полиме­
таллического оруденения генетически связанного с де­
вонским базальт-андезит-риолитовым раннегерцинским 
рифтогенным вулканизмом (D1e-D3fr).

Научная новизна. Подчеркивается пространственная 
приуроченность ряда промышленных месторождений, 
ареалов сульфидной минерализации и околорудно-ги­
дротермально измененных пород к областям выклинива­
ния меж- и субпластовых субвулканических порфиров 
среднего – верхнего девона и перекрывающих их порфи­
ритов, создающих своеобразные рудно-магматические 
системы (РМС).

Практическая значимость. Рекомендуется новый этап 
глубинного геологического изучения территории Рудно­
го Алтая и перспективных рудоносных структур с вне­
дрением современных методов глубинного геологиче­
ского и минерагенического картирования.

Ключевые слова: генезис, колчеданно-полиметалличе-
ские руды, порфиры, рудно-магматические системы, Руд-
ный Алтай
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