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Regularities in the location of volcanogenic pyrite-polymetallic deposits in Siberia
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The most important factor in the formation of large reserves of pyrite ores is the connection with contrast or successively differentiated volcanogenic formations, the proximity of the ore source, the presence of structures that favored the accumulation and rapid burial of large ore bodies, and the long duration of ore formation processes against the background of the paleovolcanic regime (Dergachev, 2010; Kuznetsov, 2014). The most promising regions of the Russian Federation for the development of mineral resource base of polymetallic ores are: Rudnoaltay, Salair, Kyzyltashtyg and Priargun mineragenic zones. Polymetallic and pyrite-polymetallic deposits in volcanogenic associations (VHMS) and sedimentary rocks (SEDEX) have been identified within these zones. The pyrite-polymetallic deposits of the Rudnoaltay, Salair, Kyzyltashtyg and Priargun mineragenic zones are formed synchronously with volcanism.
The Rudnoaltay mineragenic zone includes Zyryanovsky, Leninogorsky, Zmeinogorsky, Rubtsovsky, Zolotushinsky and Priirtyshsky ore zones, which are confined to volcanogenic-sedimentary rocks. According to the composition, age and ratio of the volcanogenic and sedimentary components, these rocks are divided into two formations related to the potassium-sodium series and corresponding to two cycles of volcanism: the lower (ems-eifel-early givet) - successively differentiated basalt-containing andesite-dacite-rhyolite calc-siliceous-terrigenous, and the upper (late givet-fran) - contrast basalt-rhyolite siliceous-terrigenous.
The mineralization of polymetallic and pyrite-polymetallic deposits of the Salair mineragenic zone (Pushtulimsky, Salairsky, Yelovsko-Kotorovsky and Ognevo-Romanovsky ore regions) is associated with two geological formations of the sodium series: the lower successively differentiated basalt-andesite-dacite-rhyolite and upper-contrast basalt-rhyolite . The deposits of these formations correspond to two cycles of volcanic activity in the region, as well as in the Rudnoaltai mineragenic zone (Seravina, 2017).
The ore-bearing Lower Cambrian (Riphean) volcanic rocks of the Kyzyltashtyg mineragenic zone belong to the contrast basalt-rhyolite formation (Distanov, 1977).
The Priargun mineragenic zone is divided into two subzones: actually, Priargunsky and Undino-Gazimursky, which have different metallogenic specialization. The Vend-Cambrian depressions are composed of carbonate-terrigenous rocks, to which are associated deposits of the Priargunsky type. They are inherited by volcano-tectonic depressions and volcanic depressions, composed of ore-bearing volcanogenic-terrigenous rocks, in which the deposits of Noyon-Tologoy type are localized. According to the model of pyrite-polymetallic deposits of the Noyon-Tologoy type ore-bearing formation is the medium-late Jurassic successively differentiated potassium-sodium (sodium) volcanogenic-siliceous terrigenous geological formation.
The analysis of the localization of the various objects of the Rudnoaltay, Salair, Kyzyltashtyg and Priargun mineragenic zones shows that the ore fields are confined to volcano-tectonic depressions. Their internal structure is complicated by small extrusive and lava domes; streams, associated with them small uncompensated basins, composed of intermediate, remote, often siliceous facies, corresponding to the deposits. The ratio of siliceous-terrigenous and volcanogenic rocks in its composition is determined on the one hand by the proximity of volcanic apparatuses (subvolcanic rocks - related to the vent's volcanic facies), and on the other by the nature and intensity of volcanic activity within the ore fields and deposits. Depressions that contain the deposits occupy over-dome, slope or supra-volcanic position, including on the sides of reef-building structures. There are stratified ore bodies, localized in the intermediate and remote facies of volcanism and the body, confined to extrusive and subvolcanic bodies of the vent facies. The position of the ore bodies of the deposits in the section is controlled by a thin alternation of volcanic and sedimentary rocks. Here they occupy a definite stratigraphic position, localizing among the primarily siliceous facies. This position of mineralization can be traced for many hundreds of meters, both in the fall and in the strike of the ore zones. Thus, the main ore bodies of the deposits are very compact, capturing a stratigraphic interval from 50 to 150 m, rarely 200 m.
The pyrite-polymetallic deposits, ore occurrences and mineralization points of the Rudnoaltay, Salair, Kyzyltashtyg and Priargun mineragenic zones are pyrite-polymetallic in mineral composition. They are represented by gold-silver-containing pyrites (barite) -polymetallic, copper-lead-zinc, copper-zinc-pyrite, copper-pyrite, sulfur-pyrite and quartz-carbonate-sulfide continuous massive, interspersed, veined ores. The main ore minerals are: pyrite, sphalerite, galena, arsenopyrite, chalcopyrite, boulangerite, jamsonite, tennantite, tetrahedrite; secondary - sulfosols of lead and silver, marcasite, chalcopyrite, burnonite; non-metallic: quartz, chlorite, dolomite, barite, talc and sericite.
Altered rocks in various quantities are present in all deposits and are represented by metasomatites of ore-bearing zones of hypogene leaching (quartz-sericite-chlorite) and precipitation (chlorite, sericite-chlorite). These and other metasomatites are products of acid leaching and sedimentation, belonging to the quartz-sericite formation. They are most clearly manifested in siltstones and tuffs of acidic composition. The intensity of manifestation and the morphology of the near-ore- altered rocks depends on the position of the deposits relative to the ore-supply channel. The host, near-ore-altered rocks and ores of most pyrite-polymetallic deposits are superposed with products of post-volcanic, dynamo-thermal and contact metamorphism with similar mineral complexes that change the appearance of ore fields and deposits. The most intensely metamorphosed zones correspond to the amphibole-hornfels facies of contact metamorphism, the others - muscovite-hornfels. Recrystallization of primary ore concentrations with the formation of aggregates with a predominance of granoblastic structures occurred during the recrystallization stage. Subsequently, partial or complete mobilization of ore matter took place with its subsequent redeposition.
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