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PREFACE

State Geological Survey of Ukraine and National Academy of Sciences with a support of
GEODE program took a decision to convene the International Symposium "Metallogeny of
Precambrian Shields" in Kyiv. In order to familiarize foreign scientists previously and com-
prehensively with geological problems of Ukraine the Organizing Committee ordered some
reports on the most important directions of the Ukrainian Shield (USh) metallogeny: met-
allogenic division, geology and metallogeny of ferrous and non-ferrous metals, uranium,
rare and noble metals, rare earth elements, non-metalliferous raw materials, diamonds, etc.,
their deposits and occurrences. In addition geochronology, petrology and deep-seated struc-
ture of the USh, its tectonic development including paleodynamic aspects as well as special
features of matter composition of its complexes and associations are considered in the
papers ordered for this Symposium. A decision has been taken to publish these papers in the
"Mineralogical Journal" (Ukraine) issued by the Institute of Geochemistry, Mineralogy and
Ore Formation of NAS of Ukraine.

As far as the major part of questions concerned with are disputable, the editorial board
considered reasonable to publish all the articles including the alternative ones in their author
versions. That is why some papers consider the same or closely related problems, which are
treated by, authors taking different approaches and concepts. The editorial board can only
provide some comments given below.

As follows from the review of V. L. Prykhodko and co-authors on non-ferrous metals
deposits and occurrences there is some potential to supply Ukrainian industry with a set of
metals — nickel, titanium, aluminum, molybdenum, tin, tungsten. As a result by 2010
Ukraine will have been able to decrease import of non-ferrous metals essentially.

On the base of the "Complex metallogenic map of Ukraine in a scale 1 : 500 000" a
group of authors (A. S. Voinovsky, et al.) fulfilled metallogenic division of the USh territory.
It has been shown that within the Archean cratons the late Archean metallogenic epoch had
been revealed which gave iron ore, gold, chromite, graphite, molybdenum deposits. Within
the Proterozoic mobile belts there are unique deposits of iron, uranium, rare metals, gold, as
well as promising occurrences of beryllium, tin, tungsten, titanium ores related to endogenic
processes of Paleo- and Mesoproterozoic epochs. The most productive are suture and over-
thrust-underthrust zones.

The USh is one of the main iron ore provinces of the world. About 100 deposits and
promising iron occurrences have been discovered including rich ore deposits, non-oxidized
ferruginous quartzites, easily dressed self-fluxible carbonate-magnetite ores (E. O. Kulish, et
al.). There are also all the reasons for creation of chromite ores reserves.

The USh is a unique metallogenic province with deposits and promising occurrences of
uranium, rare and rare earth elements, many of which are composite ones. Ukraine is
among 10 countries, which are the main producers of uranium. Unique and large developed
and mined deposits are known here (S. V. Nechaev, et al.). Scandium-vanadium, tantalum-
niobium-rare earth phosphate, rare earth-zirconium, tantalum-niobium-zirconium, berylli-
um, lithium, germanium and other ore occurrences are known.

An important achievement of geologists is creation of ore reserves for non-traditional
for Ukraine gold mining industry (O. B. Bobrov, et al.). In a very short period eight gold
deposits in various geologic situations were discovered and evaluated. Prospecting is aimed
to the small and mid-sized deposits of poor and average (by content) ores. The most prom-
ising are ore occurrences within the Archean greenstone structures. No substantial platinum
and silver occurrences have been found yet.

Metallogeny of alkali and sub-alkali complexes has been characterized by S. G. Kryvdik.
In contrast to other regions of the East European platform alkali rocks of the USh are
Proterozoic and subdivided into two formations: alkali-ultrabasic and gabbro-syenite ones.
Ore occurrences of zirconium and rare earth elements are also related to non-nepheline
syenites. It has been found that the rocks enriched in rare elements are confined to midland
rift structures, while impoverished in these elements complexes were produced under con-
ditions of contraction or subduction.

The Precambrian geochronology of the USh has been worked out by M. P. Shcherbak
with co-authors. Geochronologic boundaries of the Precambrian subdivisions for separate
blocks of the USh have been substantiated. In this case only datum marks have been used
which have unambiguous interpretation of the time of geologic events manifestation. Six
distinguished age subdivisions in the Precambrian are in good agreement with the Interna-
tional geochronologic scale. D. M. Shcherbak and co-authors fulfilled subdivision of the
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USh Precambrian in the context of metallogeny and also distinguished six metallogenic
epochs. Their age boundaries are somewhat different than those mentioned above.

Perspectives   of   presence  of   diamonds in  the USh are considered in the paper of
Yu. V. Geyko with co-authors. Commercial diamond deposits have not been discovered yet.
As a basis for prospecting concept the following factors have been put: generation and
growth of diamonds, the presence of the Archean craton, allochthonous nature of diamond-
bearing proto-kimberlite, trappe activization, preservation of diamond, denudation, syn-
chronous character of geologic events. Specific areas have been pointed out for prospecting
where the presence of diamonds is evidenced by diamond finds in sedimentary cover.

In two articles (M. I. Lebid, et al., and V. M. Guliy) non-metalliferous mineral depo-
sits of the USh have been characterized. Ukraine has tremendous reserves of construction
and facing stones. These are various granites, granodiorites, gabbro, anorthosites, labra-
dorites, quartzites, et al. There are also deposits of semi-precious and precious minerals —
topaz, beryl, opal, nephrite, etc. The unique Zavallye deposit of high-quality graphite is
being mined, some other graphite deposits have been explored. The USh is world important
as a kaoline province. Quartzite deposits to be used in metallurgy are known as well as
deposits of high-alumina rocks, fluorite, abrasive garnet, ceramic raw materials, vermiculite,
talc-magnesite, etc.

O. B. Bobrov with co-authors have been practicing for a long time a method of forma-
tional analysis. Paragenetic principle is the base of their concept. As formations and their
subdivisions some rocks without any notorious genetic ideas and of different age are inte-
grated and only then the obtained statistical model of geologic structure is subjected to
analysis as to their genesis. Many of distinguished formations are accepted in the rank of
suites and were included into stratigraphic scheme. Formational method is widely practiced
in geologic mapping and gives good results but only in combination with other methods.

In the article on the USh petrology I. B. Shcherbakov and K. Yu. Esypchuk assume
that the basis of the USh structure are the rocks produced at the expense of successive
reworking of the primary crust-bimodal enderbite-mafite association of the mantle origin.
The main stage of these rocks reworking took place under conditions of the crust astheno-
sphere during the period about 2000 Ma. Subplatform magmatism was a complicated man-
tle-crust phenomenon.

V. I. Starostenko, I. K. Pashkevych and R. I. Kutas presented a report on the deep-
seated structure of the USh. Extensive materials of seismic sounding, thee-dimensional
magnetic models, density and velocity models have been used. Manifestations of magma-
tism and subsurface structures have been correlated with the deep-seated structure of the
main tectonic units of the Shield.

In two reports of different authors the USh tectonics is considered from the opposite
points of view.

E. B. Glevassky and A. M. Glevasska explain the USh structure in the context of plate
tectonics concept. In their opinion the earth’s crust of the USh began to be produced under
conditions of proto-island arcs made of granite-green-stone geoblocks. Subsequently micro-
continents, which formed the eastern part of Sarmatia, were being rebuilt under the circum-
stances of active continental margins.

V. P. Kirilyuk with co-authors started from traditional assumptions of the block
(megablock) structure of the USh noticing that the general pattern of tectonic structure of
the USh is still absent. The authors consider that in all the megablocks of the USh geologic-
structural complexes are always more metamorphosed within the lower levels than those of
the upper ones. Two stages are being distinguished in the tectonic history of the USh: the
stage of pre-block tectonic differentiation, when protolites of high-temperature metamor-
phic complexes were being formed and the stage of distinct geoblock differentiation.

Some papers, which consider the problems of tectonics and non-metalliferous ores,
will be published in the "Mineralogical Journal" (Ukraine) N 4.

The editorial board is hopeful that active discussions of the problems touched upon in
the reports will take place at the Symposium including geologic excursions favorable for
mutual exchange of experience useful for both Ukrainian geologists and the guests.
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Metallogenic subprovinces of the Archean cratons and the Proterozoic mobile belts have been distinguished in the
Ukrainian Shield Precambrian. Ore-bearing areas of different ranks have been defined for each of distinguished subpro-
vinces and the main regularities of mineral deposits location during different structural-formational zones development
have been summarized.

Geological structure of the Ukrainian Precambrian Shield is defined by combination of
structural-substance complexes of the Archean and the Proterozoic. Precambrian mega-
structure of this area as well as of the other ancient shields is determined by the conjunction
of the Archean cratons devided and bounded by the system of Proterozoic mobile belts. We
mean in this case the Archean cratons as large stabile nuclei of the basement stabilized in the
Archean which comprise metabasites and various schist-gneiss terranes (amphibolite and
granulite metamorphism facies) subjected to active granitization in the Middle- and Late
Archean and intruded by different age basite-ultrabasite and granitoid complexes. Two Archean
cratons have been distinguished within the Ukrainian Shield (USh) area: the Bug-Dniester
and the Dnieper-Peri-Azovian. The first one comprises the southwestern part of the USh
and partly coincides with the Podil block, the other one spans the central and the eastern
parts of the shield (the Dnieper block and the western part of the Peri-Azovian block).
Different structural-formational zones (SFZ) are distinguished within the Archean cratons
according to the types of their structural elements and substance complexes. These SFZ are
enderbite-granulite, amphibolite-gneiss and granulite-greenstone areas.

The Proterozoic mobile belts are geostructures of complicated tectonic origin and ar-
chitecture. Processes of their formation took place during 2600–1600 Ma and cover several
tectonothermal epochs. Within the USh the Volyn'-Kirovograd and Peri-Azovian mobile
belts have been distinguished. The first one bounds the Bug-Dniester craton on the west,
north and east and is the western boundary of the Dniester-Peri-Azovian craton. The Peri-
Azovian mobile belt is situated within the marginal eastern part of the USh and encircles the
same craton from the east and northeast. The following SFZ are typical for mobile belts:
epicratonic depressions, suture depressions and overthrust-underthrust zones, areas of tec-
tonothermally reworked the Archean cratons, midland rifts, orogenes and collision zones,
activization zones, and volcano-plutonic belts [8, 9, 12, 14, 15].

A set of mineralogenic studies carried out lately for making the Complex Metallogenic
Map of Ukraine in the scale 1:500 000 (State Committee of Geology Ukraine, 1998) has
enabled to fulfil metallogenic zonation of the USh territory with distinction of different
ranks ore-bearing areas as well as their subordination and promises for definite types of
mineral deposits. The following hyerarchic succession of ore-bearing areas (from large to
small ones) has been assumed for metallogenic zonation: metallogenic subprovince (MS),
structural-metallogenic zone (SMZ), metallogenic zone (MZ), ore (ore-bearing) district,
ore (ore-bearing) field.

In respect of geotectonics MS corresponds to the area of an Archean craton or a
Proterozoic mobile belt. Well defined metallogenic specialization is typical for MS which
was being formed during one or two epochs of mineralization. SMZ is an ore-bearing or
potentially ore-bearing part of MS area which spatially coincides with SFZ. As a rule,
metallogenic specialization of SMZ is determined by the group of ore formations in associ-
ation with one type of structural-formational complexes. MZ is a part of SMZ comprised by
one geologic formation or by a group of formations closely related by composition with
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pronounced predominant type of metallogenic specialization. Ore (ore-bearing) district is
an ore-bearing (or potentially ore-bearing) area within SMZ or MZ characterized by abun-
dant deposits of definite ore formations or their individual types. Ore (ore-bearing field) is a
local ore-bearing area (tens of square kilometres) where it has been revealed (or predicted)
a group of deposits of the same ore-formational type [13].

The main subdivisions within metallogenic province of the Ukrainian Shield are MS of
Archean cratons (the Dniester-Bug and the Dnieper-Peri-Azovian) and Proterozoic mobile
belts (the Volyn'-Kirovograd and the Peri-Azovian) (Figure).

The Dniester-Bug metallogenic subprovince. It comprises ore objects within southwes-
tern part of the USh where deposits of the same Archean craton are abundant: SFZ of
enderbite-granulite areas and secondary granulite-greenstone belts as well as those ones
which belong to some part of the Proterozoic mobile belt (zones of Paleoproterozoic acti-
vization). Metallogenic pattern of the subprovince is determined by the presence of mine-
ralization of the Upper Archean (iron ore deposits, graphite, chromite) and partly the Lower
Proterozoic epochs (gold, rare earth and radioactive elements) as well as silicate nickel ores
and cobalt deposits in the crust of weathering of ultrabasites [11]. Two SMZ have been
distinguished within the subprovince: the Golovanivsk and the Chechelnyk.

The Golovanivsk SMZ (XII) spatially corresponds to the Golovanivsk maximum gravity
(180–200 km long and 50 km wide). The main structure of the district is the Pervomaysk-
Golovanivsk synclinorium with ultrabasic rocks massifs confined to its central part. Some
promising and productive ore formations have been shown here. These are iron ore forma-
tion in skarns, gold-quartz formation, chromite formation in hyperbasites and cobalt-nickel
formation in the crust of weathering of ultrabasites. The Tal'ne and the Ananyiv MZ as well
as the Bug ore district have been distinguished within the limits of this zone.

The Tal'ne MZ (Au) spatially coincides with the meridional Talne zone of the Pa-
leoproterozoic activization where the Mayske deposit have been discovered lately in its
central part as well as some gold occurrences. Gold mineralization is confined to hydrother-
mally altered gneisses and amphibolites. The ore types are: gold-quartz and gold-sulphide-
quartz with tellurides [4]. The whole Tal'ne zone is promising for gold mineralization.

Metallogenic division scheme of the USh: Boundaries of metallogenic areas (numbers): 1 — metallogenic subprovinces,
2 — structural-metallogenic zones. Age of metallogenic areas (metallogenic epochs): 3 — Late Archean, 4 — Archean-
Proterozoic, 5 — Early Mesoproterozoic, 6 — Mesoproterozoic. Metallogenic areas: 7 — subprovinces of the Archean
cratons, 8 — subprovinces of the Proterozoic mobile belts. Metallogenic division (numbers on the scheme): 1 — Volynian-
Kirovograd metallogenic subprovince, SMZ: I — Sushchany-Perga, II — Korosten, III — Zhitomyr, IV — Podolian;
V — Bila Tserkva, VI — Zvenygorod-Bratske, V²² — Korsun’-Novomyrgorod, VIII — Kirovograd, ²Õ — Ingulets-
Kryvyi Rig; 2 — Peri-Azovian metallogenic subprovince, SMZ: Õ — East Peri-Azovian; 3 — Dniester-Bug metallogen-
ic subprovince, SMZ: Õ² — Chechelnyk, Õ²² — Golovanivsk; 4 — Dnieper-Peri-Azovian metallogenic subprovince,
SMZ: Õ²²² — Middle Peri-Dnieper, XIV — Orikhiv, XV — West Peri-Azovian
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The Ananyiv MZ (Fe, Mn, TR) partly coincides with the area of Odesa-Ananyiv
magnetic anomalies (ferruginouz quartzite layers with 15–32 % magnetite). In the northern
part of the zone there are also the Zavallya graphite deposit, the Solomiya deposit of silli-
manite gneisses and the Khashchuvate deposit of iron-manganese and manganese-bearing
iron ores in the crust of weathering.

The Bug ore district (Ni, Co, Fe, Cr, Au) is charactirized by the presence of SFZ
products of secondary granite-greenstone belts (ferruginous-calciphyre-gneiss, calciphyre-
crystal-schist, dunite-peridotite-gabbro and peridotite-pyroxenite formations). Iron deposits
(Moldovka, Grushky) as well as chromite, nickel-silicate and gold deposits have been dis-
covered here. Iron ores belong to two formations: iron ore volcanogenic-sedimentary meta-
morphosed (ferruginous quartzites) and iron formation in skarns (carbonate-magnetite ores).
Deposits of silicate nickel ores (Kapitanivka, Dereniukhy, Tarnovate, et al.) have been
explored within the district. Some part of ultrabasite massives of dunite-peridotite formation
are chromite-bearing (the Kapitanivka deposit). In addition gold mineralization has been
found within the Kapitanivka massif in magnesian skarns and metasomatites.

The Chechelnyk SMZ (XI) spatially corresponds to marginal southwestern part of the
subprovince where the products of migmatite-enderbite formation are abundant with subor-
dinate plagiogranite and plagiomigmatite bodies. Metallogenic specialization of these pro-
ducts has been poorly studied. Only one meridional deposit of ferruginous quartzites 1–20 m
thick (average thickness 7 m) with Femagn content up to 30 % has been found within the
SMZ area.

The Dnieper-Peri-Azovian metallogenic subprovince. It spatially coincides with the Archean
craton of the same name and is characterized by the development of all SFZ types specific
for such structure varieties. During the Proterozoic mobile belt formation the processes of
Paleo- and Mesoproterozoic activization were intensive within the eastern part of the cra-
ton. Metallogenic pattern of the subprovince is first of all determined by the presence of iron
ore, gold and talc-magnesite deposits in synclinore structures of granite-greenstone belts
and rare metal and apatite deposits in the products of Paleo- and Mesoproterozoic activiza-
tion zones. Ore occurrences are located within three SMZ — the Middle Dnieper, the
Orikhiv and the West Peri-Azovian.

The Middle Peri-Dnieper SMZ (XIII) is bounded by the Kryvyi Rig-Kremenchug tec-
tonic zone to the west and the Orikhiv-Pavlograd tectonic zone to the east. Special feature
of the SMZ is abundance of greenstone rocks which build up the Verkhivtseve, the Sura, the
Chortomlyk and other graben-synclinal (volcano-tectonic) depressions. They are filled with
monotypic tholeiite-comatiite and metadacite-andesite-tholeiite formations in paragenesis
with basite-ultrabasite complexes. Metallogenic pattern of the SMZ is determined by pres-
ence of gold and iron ore deposits. Some deposits and occurrences of molybdenum, nickel,
cobalt and chromium, asbestos and talc-magnesites are also known. The Devladovo, the
Konka-Bilozerka, the Sura and the Verkhivtseve-Chortomlyk MZ have been distinguished
within this SMZ.

The Verkhivtseve-Chortomlyk MZ (Fe, Au). It spatially corresponds to submeridional
band of magnetic anomalies of the Verkhivtseve, Tokmakivka and Chortomlyk. The Verkhivt-
seve ore-bearing district and the Chortomlyk ore district have been distinguished there.

The Verkhivtseve ore-bearing district (Au, Fe, Cu, Ni, Mo) coincides with the volca-
no-tectonic depression of the same name where numerous occurrences of gold, copper,
nickel, cobalt, molybdenum, tungsten and ferruginous quartzites have been found as well as
silicate nickel deposit in the crust of weathering of the Sukhiy Hutir apoultrabasite massif.

The Chortomlyk ore district (Au, Fe, Cu, Ni, Co, Mo) covers the greenstone structure
of the same name where there are iron and gold deposits, and occurrences of molybdenum,
copper and nickel mineralization. The Chortomlyk iron ore deposit is confined to the eas-
tern flank of the structure. Ores are two beds of ferruginous quartzites with Fetot — about 30,
Femagn — 15, Fecarb — 7 %. The Balka Shiroka gold deposit has been found here as well.
Gold-bearing zones are located in metabasites with thin bodies of ferruginous quartzites and
chlorite-sericite schists. Mineral types of ores are: gold-sulphide-quartz, gold-quartz, and
gold-polymetallic. There are also silicate-nickel deposits (Nove, Ust-Kamyanka, Oleksiivka
and Kompleksne) in this district located in the crust of weathering of ultrabasites.

The Sura MZ (Au, Mo) comprises ore objects in the greenstone structure of the same
name. The Solonyanka ore district (Au, Mo, Ni, Co) has been distinguished within the
southern part of the structure. Two gold deposits the Sergiivka and the Balka Zolota have
been found in its most studied part. In the first of them gold mineralization looks like a
system of veins and veinlets of quartz, carbonate, quartz-carbonate and quartz-carbonate-
tremolite composition with poor sulphide mineralization. The Balka Zolota mineralization
differs by less amount of sulphides and corresponds to the gold-quartz type. In the eastern
flank of the Sergiivka deposit there is a molybdenum occurrence (streaky-disseminated
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zones 100–130 m thick). Mineralization is represented by molybdenum with subordinate
pyrite, chalcopyrite and galena. Molybdenum content is from 0.06 to 0.3 %, average 0.11
[5]. In addition to the mentioned deposits within this MZ there is the Pravda talc-magnesite
deposit, a set of promising gold occurrences (the Pivdennyi, Rozrakhunkove, Apolonivskyi,
Pivdenno-Petrivskyi) as well as silicate nickel deposits (the Karnaukhiv, the Mykolaiv, the
Petrivske, the Pavlivka) in the crust of weathering of ultrabasite massifs.

The Konka-Bilozirka MZ (Fe, Au) comprises two structures of the same name which
can be related to each other by the relics of volcanogenic-sedimentary rocks preserved
among granitoids separating these structures. The Bilozirka ore district (Fe) covers the
southern part of MZ. Sedimentary-volcanogenic terranes with ferruginous-cherty rocks are
stretched in submeridional direction along 65 km and comprise three deposits of rich iron
ores.

The Devladivka MZ (Ni, Co, Fe) is bounded on the south and on the north by the
faults of latitudinal trend which can be surveyed throughout the eastern part of the USh.
Basic and ultrabasic rocks are assotiated with it. Small deposits of silicate nickel (the Dev-
ladiv, the Terny, the Chervonyi Yar, the Slavgorodka) have been found in their crust of
weathering.

The Orikhiv SMZ (XIV) extends submeridionally throughout the shield and corresponds
to the suture zone of the same name. Along with deposits of iron and silicate nickel ores rare
metal and fluorite occurrences are peculiar for the zone caused by the Paleoproterozoic
activization. The Vasyninka and the Korsak-Kuksungur ore fields as well as the Mala Tersa
ore-bearing field have been distinguished within its limits. The Vasynivka ore field (Fe) is
located within the central part of the SMZ (ferruginuos quartzites with Fetot — 25–39,
Femagn — 17–30 %), the Korsak-Kuksungur ore field (Fe, Au) is located in the northern part
of the SMZ. Three iron ore deposits — the Novoukrainka, the Kuksungur and the Korsak as
well as a set of sections are known in it. Iron ores are cummingtonite-magnetite and pyro-
xene-magnetite quartzites with Fetot — 29–31, Femagn — 25–27 %. The Mala Tersa ore-
bearing field (Nb, Ta, TR) coincides with the alcali and nepheline syenite massif of the same
name and with its endomorphic zone. Rare metal mineralization (zircon-pyrochlore and
pyrochlore and pyrochlore-zircon-apatite with fluorite and ilmenite mineral types) is con-
fined to fenitization zones (Nb2O5 — 0.8, Ta2O5 — 0.034, ZrO2 — 1.58 %).

The West Peri-Azovian SMZ (XV) spatially coincides with the western part of the Peri-
Azovian block where products of migmatite-granite and migmatite-plagiogranite formations
of the Upper Archean with fragments of metabasite-gneiss terranes of granite-greenstone
belts are abundant. The western boundary of the SMZ is the Orikhiv SMZ, its eastern
boundary are products of the Peri-Azovian mobile belt. Within the West Peri-Azovian SMZ
the Soroky MZ is distinguished together with other individualized metallogenic sections
with Archean metallogeny (Au, Fe) as well as a set of ore and ore bearing areas with
Proterozoic metallogeny (Li, Nb, Ta, TR). Ore objects of Paleo- and Mesoproterozoic
activization are located in the Chernigiv, the Fedoriv, the southern part of the Soroky and
the Central Peri-Azovian MZ.

The Soroky MZ (Au, Fe, Ta, Nb, Li) is situated on the eastern slope of the Saltychy
block and corresponds to the greenstone structure of the same name filled with metabasite
gneiss terranes with layers of ferruginous quartzites, marbles, and calciphyres. Due to explo-
rations carried out lately the Surozh deposit and a set of promising gold manifestations have
been found within its limits. They are confined to silicate-magnetite quartzites and silicified
schists (altered ultrabasic rocks). Ores represent the gold-sulphide-quartz type [3]. Pegma-
tite fields are abundant in the southern part of the zone. These are: the Soroky, the Komy-
shevate, the Kruta Balka, the Blakytny Skeli and the Sadove pegmatite fields. The most
important object is the Kruta Balka deposit. Pegmatites comprise microcline-albite, albite
and albite-spodumene mineral bodies. Ore minerals are: columbite, tantalite, zircon, cyrto-
lite, monazite, xenotime.

The Gulyaiypole ore field (Fe, Au) spatially coincides with magnetic anomaly of the
same name. Its ores are silicate-magnetite quartzites with Fetot — 27, Femagn — 17 %. A gold
occurrence has been found within silicification and sulphidization zones of quartzites with
gold content up to 17.4 g/t. The Sachkyn-Temriuk ore field comprises the Sachkyn-Troitsk,
the Troitsk and and the Temriuk graphite deposits. The most promising is the Sachkyn-
Troitsk deposit with graphite content 3.7–4.2 %. The Mangusk ore field (Fe) is located
within the southern part of the SMZ where the Mariupol iron ore deposit has been explored
(quartzites with Fetot up to 29.4 and Femagn — 22.9 %). The Mariupol ore field with a
graphite deposit of the same name is adjacent to the Mangusk ore field.

The Chernigiv MZ (Nb, Ta, TR, P) is controlled by a tectonic zone of the same name
with linearly elongated carbonatite massifs. The Novopoltavka phosphorus-rare-metal de-

VOINOVSKY A. S. et al.



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/3 11

posit and the Begym-Chokrak occurrence are located in this zone. The deposit is confined
to the alkaline-ultrabasic rocks and carbonatites elongated massif of the same name. Ores
are carbonatites with phenocrysts of pyrochlore, columbite, fergusonite-hatchettolite, apa-
tite, zircon, monazite, baddeleyite, bastnesite, orthite. Average content of oxides in carbon-
atites is P2O5 — 4.3 %, Nb2O5 — 0.06–0.3, Ta2O5 — 0.002–0.003, TR — 0.17–4.6 % [16].

The Fedoriv MZ (Li, Ta, Nb, Rb, Cs, Sn) is confined to the graben-syncline of the
same name filled with products of carbon-siliceous-shistose and granitoid formations of
Lower Proterozoic with pegmatite fields (the Shevchenkiv, the Fedoriv). The Shevchenkiv
deposit is a bundle of pegmatite veins of albite-spodumene, albite-microcline-petalite-spo-
dumene  and   spodumene-microcline   composition with the average content of Li2O —
1.16 % [1, 16].

The Central Peri-Azovian MZ (Nb, Ta, Li, TR) coincides with a tectonic zone of the
same name separating the West Peri-Azovian and the East Peri-Azovian blocks. There is a
set of subalkali granite massifs here (the Katerynivka, the Kamyani Mogyly, the Starodubiv,
the Mala Yanisol) with confined occurrences of rare metal mineralization. Ore mineral
association is: columbite, tantalite, xenotime, monazite, cassiterite, molybdenite in growths
with cyrtolite and fluorite.

The Volyns'k-Kirovograd metallogenic subprovince. It comprises endogenic deposits of
the same name the Proterozoic mobile belt. The main ore objects are iron, uranium, gold,
titanum, rare metals, fluorite chambered pegmatite, and disthen deposits. They were all
formed predominantly during the Paleo- and Mesoproterozoic epochs [7, 10, 11]. New
promising ore objects with sulphide copper-nickel and molybdenum mineralization have
been discovered here lately. The main metallogenic subdivisions of the province are: the
Sushchany-Perga, the Korosten', the Zhitomyr, the Podil, the Bila Tserkva, the Zvenygo-
rod-Bratsk, the Korsun’-Novomyrgorod, the Kirovograd, and the Ingulets'-Kryvyi Rig SMZ.

The Ingulets'-Kryvyi Rig SMZ (IX) corresponds to the large structural-facial zone of the
same name which is above 200 km long and 30–35 km wide. It is the eastern part of the
Proterozoic mobile belt and is characterized by a special set of geological formations. Unique
deposits of iron ores, uranium and graphite are situated within its area. In accordance with
the features of its geological structure and prevailing types of ore mineralization it is subdi-
vided into two MZ the Kryvyi Rig-Kremenchuk and the West Ingulets'-Kazanka.

The Kryvyi Rig-Kremenchuk MZ (Fe, U, Sc, V, TR, Ge) coincides with the interior
part of SFZ of suture depressions and overthrust-underthrust zones (areas of distribution of
the Kryvyi Rig rock series). Two ore districts — the Kryvyi Rig and the Kremenchuk have
been distinguished here.

The Kryvyi Rig ore district (Fe, Ge, U, Sc, V, TR) is a band of iron-siliceous rocks
from 0.5 to 7 km wide running from the south to the north for 150 km. There are commer-
cial deposits of rich iron ores here as well as ores which need enrichment (ferruginouz
quartzites). Seven ore fields have been distinguished in the region. The Popel'naste ore field
(Fe, Ge, TR) comprises deposits of the northern part of the district (the Zhovtyanka, the
Popel'naste, the Mykolaiv, the Mlynky and the Uspenivka) represented by ferruginous quartz-
ites with small occurrences of rich ores. The main ore objects within the Zhovta Richka and
Annivka ore fields (Fe, U, Sc, V, TR, Ge, Zr, Li) are deposits of iron ore metasomatic
(amphibole-hematite-magnetite mineral type) and uranium-sodic hydrothermal metaso-
matic formations. Within the Zhovta Richka deposit scandium ores have been also discov-
ered with associated rare earths, zirconium, vanadium, phosphorus. The Pervomaysk-Sak-
sagan' ore field (Fe, U) is the main part of the ore district where the biggest commercial
deposits of rich iron ores of iron ore metamorphic formation (hematite-martite mineral
type) are concentrated. The South Kryvyi Rig and the Lykhmaniv ore fields (Fe, Ge)
comprise the deposits of ferruginous quartzites. The Ingulets' ore field (Fe, Ge, U, Au)
comprises rich iron ore deposits (martite-magnetite and chlorite-magnetite mineral types)
as well as deposits of ferruginous quartzites and uranium in metamorphosed conglomerates
and sandstones (the Mikolo-Kozel’sk deposit and a set of occurrences).

The Kremenchuk ore district (Fe, Ge, U) is situated in the northern part of this MZ
and is a band of ferruginous-siliceous rocks 1–3 km wide running northwest along 45 km.
The Gorishne-Plavnynsk, the Lavrykiv, the Yerystiv, the Bilaniv deposits of ferruginous
quartzites as well as the Galeshchyne deposit of rich iron (hematite-martite) ores have been
explored in the district. There are also occurrences of uranium mineralization in carbonate-
sodic metasomatites there.

The West Ingulets'-Kazankivka MZ (Fe, U, TR, Mo) covers the western part of the
Kryvyi Rig-Ingulets' SMZ where geologicall formations of the rear part of SFZ of suture
depressions and overthrust-underthrust zones (the Ingul-Ingulets series) are abundant. Two
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ore districts have been distinguished here: the Pravoberezhny and the West-Ingulets'.
The Pravoberezhny ore district (Fe, Ge) comprises deposits of ferruginous quartzites of

the northern (the Ivaniv, the Zybkiv the Maryivka, the Krasnofedorivka) and the central
parts of MZ (the Artemivsk, the Zakhidno-Zhovtyansk, the Zelena Richka). Iron ores are
silicate-pyroxene-kummingtonite-magnetite quartzites with Fetot from 28 to 44 %; Femagn
from 26 to 31 %.

The West-Ingulets' ore district (Fe, U) is peculiar with its graphite-iron ore specializa-
tion and comprises ore objects of the central part of MZ — iron ore deposit (the Petrivka),
graphite deposits (the Balakivka, the Varvarivka, the Kodak, the Petrivka) as well as occur-
rences of hydrothermal type uranium mineralization within mineralized fracture zones (the
Chervonyi Shakhtar, et al.).

The Kirovograd SMZ (VIII) covers the eastern part of the mobile belt where gold and
uranium mineralization was localized in the Middle Proterozoic. The most intense ore-
producing processes took place within the Moshorynsk-Dobronadiivsk MZ (U, Au). Ore
objects of commercial importance are adjacent to the zone of the Kirovograd deep-seated
fault and are subdivided into the ore district of the same name.

The Kirovograd ore district (U, Au) coincides with the system of regional tectonic
faults within the intermediate zone from granitization area on the west (the Novoukrainka,
the Kirovograd and the Bobrynets massifs) to gneisses of the Pryingul syncline on the east
and comprises two uranium and two gold deposits. Gold deposits are confined to a meri-
dional pressure zone in the eastern margin of the Novoukrainka massif of potassium gran-
ites. The Klyntsi deposit is represented by two ore-bearing zones of submeridional extent
where gneisses are specific as saturated with quartz-feldspar veinlets and enriched in sul-
phides (pyrite, pyrrothite, arsenopyrite, löllingite, chalcopyrite). Ores belong mainly to gold-
quartz formation. The Yuriiv deposit is located south of Klyntsi and is similar by host rocks
composition. Gold mineralization is confined to linear silicified zones of complex structure
subconcordant with host rocks. Ores belong to poor-sulphide gold-quartz type [16]. Urani-
um deposits the Severynivka and the Michurinsk belong to uranium-sodic hydrothermal-
metasomatic formation. Mineral ore types are: uraninite, brannerite, U-silicates and oxides.
Uranium content in ores is 0.05–0.24 %, rarely it is up to 0.4–0.9  but its average amount
does not exceed 0.1 % [2].

The Zvenygorod-Bratsk SMZ (VI) coincides with a structure of synclinore type situated
along the western contact of the Korsun’-Novomyrgorod pluton and the Novoukrainka
massif. The Bratsk-Oleksiivka and the Central Ukrainian ore districts are distinguished
within its area. The Bratsk-Oleksiivka ore district (U, Th, TR, Mo) is specific by hydrother-
mal metasomatic type of mineralization in potassium metasomatites and pegmatoid gra-
nites. Three uranium deposits (the Lozovate, the Kalynivka and the Pivdenne) have been
revealed in the district. Uranium mineralization is confined to pegmatoid veins saturating
gneiss terrane [2].

The Central Ukrainian ore district (U, Li, Ta, Nb, TR) covers the area eastward of the
Pervomaysk-Traktemyriv fault up to the intrusive system of the Korsun’-Novomyrgorod
pluton — the Novoukrainka massif with uranium deposits (the Vatutino) and rare metal
deposits (the Stankuvate, the Polokhiv, the Nadiya). The Vatutino deposit belongs to urani-
um-sodic hydrothermal-metasomatic formation. Uranium content in ores is 0.03–0.91 %,
average is 0.1 [2]. Rare metal deposits — the Stankuvate, the Nadiya have been revealed
within pegmatite field in the northern and western margins of the Lypnyazhka granite dome.
Bodies of substituted pegmatites of potassium-sodic composition with spodumene-petalite
mineralization produce subparallel "suites" and "bundles". There are also columbite-tanta-
lite, struverite, beryl, chrysoberyl, uraninite, cassiterite, ilmenite there. LiO2 content in ores
varies from 0.2 to 2.8 %, average content is for petalite ores 1.5 and for spodumene ores 1 %.
The Polokhiv lithium deposit is located in the southwestern exocontact of the Korsun’-
Novomyrgorod pluton and is represented by three contiguous zones of substituted pegma-
tites with petalite and spodumene. LiO2 content in ores ranges from 0.39 to 2.97 % with
average 1.5 [1].

The Podilsk SMZ (IV) is located within the nortwestern part of the USh where SFZ
products of tectonothermally transformed the Archean craton area is abundant. According
to special features of geological structure and metallogeny two MZ have been distinguished
here — the North-Podilsk and the Khmilnyk.

The North-Podilsk MZ (TR) occupies the southwestern part of SMZ where the Goloskiv
occurrence of apatite mineralization and poorly studied alkaline massifs of the central type
have been revealed. The Goloskiv occurrence of apatite mineralization (average content
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P2O5 — 6.5 % per thickness 80–100 m) is located within biotitized alkaline rocks with signs
of feldspatization, carbonatization and scapolitization.

The Khmilnyk MZ (Mo, TR, Zr) spatially coincides with a tectonic zone of the same
name where occurrences of rare earths, graphite, garnet, molybdenum, copper and uranium
are known. Graphite occurrences (the Makharynets, et al.) and occurrences of copper-
molybdenum mineralization (the Malobratalivsk, the Kovalenkiv, et al.) are located within
the contact zone of charnockites with Chudnov-Berdychiv granites within the areas of meta-
somatically altered host rocks (granitization and feldspatization). Occurrences of zircon-
monazite mineralization are hosted in veins of aplite-pegmatoid and pegmatoid granites (the
Mykolaiv, the Maydan-Goloskiv and the Sabariv). In the most studied Mykolaiv occurrence
mineral contents range as follows: monazite from 0.8 to 23.8 kg/t, (average 2), zircon from
0.1 to 2.6 (average 0.3), xenotime from 0.02 to 0.31 kg/t. Garnet deposits (the Slobidka, the
Loznyanka, et al.) are also known within the limits of MZ as well as copper mineralization
in sulphidized crystal schists and metasomatically altered basic and ultrabasic rocks. Copper
content is 0.6 % per 5 m thickness (the Kalynivka occurrence).

The Bila Tserkva SMZ (V) is bounded by the Kirovsk-Kocheriv tectonic zone on the
west and by the Pervomaysk-Traktemyriv tectonic zone on the east. SFZ products of tec-
tonothermally altered the Archean craton is also abundant within the area. Metamorphosed
volcanogenic-sedimentary formations with ferruginous quartzites which build stratiform
deposits up to several hundreds meters long with thickness 2–5 and sometimes 15–18 m.

The Zhitomyr SMZ (III) comprises geological formations and mineralization types lo-
cated within the margin of the Korosten' pluton. The main metallogenic subdivisions are:
the Krasnogorsk-Zhitomyr and the Kocheriv MZ and individualized ore fields the Burtyn,
the Ustynivka and the Kamyanka.

The Kocheriv MZ (Ta, Nb, Rb, Li, W, Sn, U, fluorite, Au) is the southeastern margin
of the Korosten' pluton where the rocks of alevrolite-sandstone and slate-carbonate forma-
tions are abundant with small massifs of leucocratic binary granites, sometimes greisenized.
Rare metal mineralization is located within albitized oligoclase-microcline pegmatites and
greisens (the Brazhynets, the Tolstovka, the Papirnyan, et al. occurrences); tungsten and tin
mineralization — in skarn products (the Kocheriv occurrence).

The Krasnogorsk-Zhitomyr MZ (Ni, Cu, Co) corresponds to a tectonic zone of the
same name with a set of massifs of gabbro-dolerite, gabbro-pyroxenite formations of the
Prutiv and Bukyn complexes. Within the Romaniv stratiform ultrabasite massif sulphide
mineralization   is  sparsely manifested (nickel content is 0.34, cobalt — 0.01, copper —
0.015 %). More important mineralization is expected within the deep-seated parts of the
intrusion. Sulphide mineralization has been revealed within the hanging as well as within
the lying endocontact of the Prutiv olivine-gabbro-dolerite massif. Nickel content in the
upper ore-bearing zone ranging in thickness from 3–4 to 30–34 m is 0.3 %; in the lower
ore-bearing zone its content is 0.56 %, and copper content — 0.3 % per thickness 4.7 m.

The Burtyn ore field includes graphite deposit of the same name with average graphite
content 6.7 %. The Ustynivka ore field (Mo, W, Sn, Bi) comprises some promising molyb-
denum occurrences within the massif of subalkali granites (the Verba, Urochyshche, Vysoke,
Ustynivka, et al.). Molybdenum mineralization belongs to the streaky-disseminated type
(molybdenite, galena, sphalerite, pyrite, silver, and bismuth minerals, fluorite, chalcopyrite,
cassiterite, lithium micas). Molybdenum content ranges from 0.003 to 2.7 %, average 0.054
[5]. The Kamyanka ore field (Ni, Cu, Co) covers the Kamyanka basite-ultrabasite massif
and the Glushkovytsy gravity maximum. A thick zone (above 60 m) with chalcopyrite-
pyrrhotite mineralization of socked-disseminated type with nickel content 0.1–0.46, chro-
mium — up to 0.55, cobalt — up to 0.145 % has been revealed lately within the "bottom"
part of the Kamyanka massif.

The Korosten' SMZ (II) corresponds to a pluton of the same name formed by the
products of rapakivi-granite, gabbro-anorthosite, gabbro and gabbro-diabase formations with
associated titanium, apatite, vanadium mineralization as well as with chamber pegmatites.
The Volyn ore district (Ti, P, V, Sc, Zr) has been distinguished within SMZ. The most
productive is gabbro geological formation specific for titanium, phosphorus, vanadium, scan-
dium. The main ore minerals are: ilmenite, titano-magnetite and apatite. The Stremygorod
deposit of apatite-ilmenite ores has been revealed within stock-shaped minor gabbroid in-
trusion in the Chopovychi massif. Ores are apatite-ilmenite by composition, the richest ones
contain TiO2 — 6.9–8.17 %, P2O5 — 2.8–4.5; poor ores contain TiO2 — 3.36–5.99, P2O5 —
0.65–1.5 %. Ore-bearing rocks of the Fedorivka deposit are gabbro-peridotites with TiO2 —
6.9 and P2O5 — 3–4.5 %; ore-bearing rocks of the Vydyborg deposit are melano- and
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mesocratic olivine gabbro with TiO2 — 1.5–6, P2O5 — 1.4–3 %. Chamber pegmatites are
located within a contact zone of the Volodarsk-Volynsk gabbro-anorthosite massif with
granites (the Paromivka, the Dashenka, et al. deposits). Quartz is mined there (including its
gem varieties: smoky quartz, rock crystal, morion, citrine) as well as topaz and beryl.

The Korsun’-Novomyrgorod SMZ (VII) comprises a complicated pluton of the same
name elongated meridionally. The pluton is built up by the products of rapakivi, granite,
gabbro, and gabbro-anorthosite formations. Titanium ore gabbroids with apatite (the Nosa-
chiv deposit) have been found within gabbro-anorthosite massifs of the pluton (the Mezhy-
richcha, Novomyrgorod, Smila). Rare metal mineralization occurrences are confined to a
contact zone of gabbro-anorthosite and rapakivi granite. Within the northeastern part of the
pluton in subalkali granites with columbite-tantalite niobium content is up to 0.08–0.15 %,
tantalum — 0.014, lithium — 0.1, zirconium — 0.8, yttrium — 0.01–0.15 %. Within the
marginal southeastern part of the pluton several granosyenite and syenite massifs are known
as well as massifs of alkalinized rocks with mineralization of zirconium and rare-earth
elements (the Velyka Vyska and the Osykuvate occurrences).

The Sushchany-Perga SMZ (I) spatially coincides with a tectonic zone of the same
name where apogranites, subalkali granites, alkali syenites and other products of the Meso-
proterozoic activization are abundant. The Perga ore district (Be, Ta, Nb, TR, Zr, Sn, W,
Pb, Zn, Ag, Ti, U, Th) has been distinguished within SMZ where deposits of beryllium,
titanium, zirconium as well as occurrences of tantalum, niobium, tin and rare earths have
been found. The Perga beryllium deposit is located within the field of granitoid-subalkali
and apogranite formations rocks (beryllium-bearing feldspar metasomatic, tungsten-tin gre-
isen formations, etc.). Titanium mineralization in gabbro (TiO2 — 8–18 %) and relic aluvial
ilmenite occurrences in the crust of weathering (40–1800 kg/m3) have been revealed within
Yuriivka basic intrusion (gabbro, gabbro-norites, gabbro-monzonites). Mineralization of flu-
orite-zircon type with britholite, orthite, monazite, and bastnesite have been discovered
within the Yastrebets alkali massif. Zirconium content ranges from 0.6 to 1.8–4.25 %.
Within the limits of SMZ the Sushchany disthen deposit in quartzites is known.

The Peri-Azovian metallogenic subprovince. It is an aggregate of endogenic deposits
produced within the eastern part of the USh during formation of the Proterozoic mobile belt
and as a result of activization processes of its final stage [7].

The East Peri-Azovian SMZ (X) is located in the east marginal part of the USh and
coincides with the area of mobile belt material complexes abundance. The main ore-bearing
structures are massifs of leucocratic, nepheline and alkali syenites — the Oktyabrsky, Kal-
mius-Yelanchyk, et al. Three MZ have been distinguished within SMZ.

The Oktyabrska MZ (Ta, Nb, Zr, TR) corresponds to alkali and nepheline syenites
massif of the same name. Deposits of complex rare metal ores and molybdenum, titanium,
nickel and other metal occurrences have been discovered here. The Mazuriv deposit has
been searched in the northeastern part of the massif. Alkali rocks (mariupolites, albitites,
albitized syenite-pegmatites) with impregnated zircon, pyrochlore, fersmite, ilmenorutile,
columbite are productive in this deposit. Maximum concentrations are specific for mariu-
polites where abundance of oxides ranges as follows: Nb2O5 — 0.013–1.28, Ta2O5 — 0.0006–
0.138, ZrO2 — 0.01–3.77 % [16].

The Kalmius MZ (TR) has been distinguished within the outline of fracture zone of the
same name with northeastern trend. Polymineral metasomatic reworking of host granosyen-
ites is intense here with related fluorite and rare-earth mineralization (the Petrovo-Gnutovo
deposit, occurrences the "Kharchovyk", "Druzhba", et al.). Mineralization types are: fluo-
rite-fluocerite-parisite, fluorite-bastnesite-parisite. Mineralization is located in undersized
fluorite-carbonate bodies within phenitized granosyenites. Maximum amount of rare earths
is: yttrium — 0.1 %, ytterbium — 0.01, lanthanum — 0.2 and cerium — 0.3 % [16].

The Kalchyk MZ (TR, Zr) corresponds to the western zone of abundance of the central
type alkali massifs with occurrences of rare-metal mineralization. The most extensively
studied ore object within MZ is the Azov deposit (the western part of the Volodarsk massif).
Mineralization belongs to fluorite-zircon type with rare-earth elements own minerals —
bastnesite, britholite, yttrosynchysite, orthite, apatite, etc. Zirconium content in ores ranges
from  0.01  to 12.45 (average — 1.95), TR — 1.89 %, yttrium group lanthanids — 0.2,
yttrium — 0.07–0.46 (average — 0.12), a sum with yttrium group lanthanids — 0.32, cerium
group lanthanids — 1.57 % [16].

The fulfilment of metalogenic division of the USh allows to come to the following
conclusions. 1. Late Archean metallogenic epoch has been shown in the Archean cratons,
high ore productivity is specifec to SFZ of primary and secondary granite-greenstone belts.
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For the first ones iron ore, gold, molybdenum, talc-magnesite deposits are specific, for the
second ones — gold, chromite, graphite and iron ore deposits.

2. Within the Proterozoic mobile belts the Paleo- and Mesoproterozoic metallogenic
epochs have been shown. Production of unique deposits of iron ore (sedimentary-metamor-
phic, metamorphic and metasomatic ore formations), uranium (uranium-potassic hydro-
thermal-metasomatic formation), rare metals (in carbonatites and pegmatites) and gold is
specific for the first of them. The distinguishing feature of the second one is manifestation of
large scale activization processes with production of uranium ores in sodic metasomatites,
titanium ores and chamber pegmatites within complex plutons, rare metals (formations of
beryllium-bearing alkali metasomatites, rare-metal formation in alkali syenites) and molyb-
denum, tin and tungsten mineralizations of the greisen type. The highest ore productivity is
specific for SFZ of suture depressions and overthrust-underthrust zones of the Paleoprotero-
zoic epoch and complex plutons and alkali massifs of the Mesoproterozoic epoch.
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ÐÅÇÞÌÅ. Â äîêåìáðèè Óêðàèíñêîãî ùèòà âûäåëåíû ìåòàëëîãåíè÷åñêèå ñóáïðîâèíöèè àðõåéñêèõ êðàòîíîâ
è ïðîòåðîçîéñêèõ ïîäâèæíûõ ïîÿñîâ. Â êàæäîé èç âûäåëåííûõ ñóáïðîâèíöèé îõàðàêòåðèçîâàíû ðóäîíîñíûå
ïëîùàäè ðàçíûõ ðàíãîâ, îïðåäåëåíû îñíîâíûå çàêîíîìåðíîñòè ðàçìåùåíèÿ ìåñòîðîæäåíèé ïîëåçíûõ
èñêîïàåìûõ â ïðîöåññå ôîðìèðîâàíèÿ ðàçëè÷íûõ ñòðóêòóðíî-ôîðìàöèîííûõ çîí.

ÐÅÇÞÌÅ. Ó äîêåìáð³¿ Óêðà¿íñüêîãî ùèòà âèä³ëåíî ìåòàëîãåí³÷í³ ñóáïðîâ³íö³¿ àðõåéñüêèõ êðàòîí³â ³
ïðîòåðîçîéñüêèõ ðóõîìèõ ïîÿñ³â. Ó êîæí³é ç âèä³ëåíèõ ñóáïðîâ³íö³é çõàðàêòåðèçîâàíî ðóäîíîñí³ ïëîù³ ð³çíèõ
ðàíã³â, âèçíà÷åíî îñíîâí³ çàêîíîì³ðíîñò³ ðîçì³ùåííÿ ðîäîâèù êîðèñíèõ êîïàëèí ó ïðîöåñ³ ôîðìóâàííÿ
ð³çíîìàí³òíèõ ñòðóêòóðíî-ôîðìàö³éíèõ çîí.
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Geology and Metallogeny of Ferrous Metal (Fe, V, Cr,
Mn) Deposits of the Ukrainian Shield’s Precambrian

Precambrian complexes of the Ukrainian Shield and developed on them phanerozoic crusts of weathering have essential
potential ores of iron, vanadium, chromium and manganese. Their deposits and forecasting manifestations are various
on an age, geotectonic position, material content and genesis. Ores concentrations of ferrous metals are developed in
all five metallogenic subprovinces of the Shield. Among these ores the followings are the most significant: for iron —
ferruginous quartzites and rich ores developed on them; for vanadium — ilmenite deposits in basites-ultrabasites; for
chromium — chromite in stratiform ultrabasites; for manganese — hydroxid-oxidized ores of crusts of weathering.

The Ukrainian Shield (USh) represents a metallogenic province in a ranked system of
metallogenic categories. The province possesses the iron, vanadium, chromium and manga-
nese ore specialization side by side with many minerals. The Dniester-Bug and Dnieper-
Peri-Azovian metallogenic subprovinces of Archean cratons as well as the Volyn, Kirovo-
grad and Peri-Azovian metallogenic subprovinces of the Proterozoic mobile belts are distin-
guished within the metallogenic province named the USh. All these subprovinces include
structure-metallogenic zones (SMZ) that in their turn include metallogenic zones (MZ)
consisting of strict sequence of ore (ore-bearing) regions and fields [3, 6, 11]. Endogenic
deposits (manifestations) directly (spatially and genetically) connected with the Precam-
brian ore formation as well as hypergenic ore deposits which appeared in Phanerozoic (MZ–
Q) crusts of weathering of ore-bearing Precambrian complexes are considered in the paper.
All these metallogenic units have their own specific and as a rule complex metallogenic
(ore) specialization. Some of these categories, having different rank (level), also possess ore
specialization for ferrous metals. Within the USh according to their geological and econom-
ical significance (forecasting resources, reserves, quality, etc.) ferrous metals constitute a
decreasing row: iron, vanadium, chromium, manganese.

Iron. The USh is one of the chief iron ore provinces (geostructures) of the world [1, 2].
In the Precambrian complexes of the USh about 100 iron ore deposits and forecasted
manifestations were detected, the reserves of 44 deposits were registered by the State ba-
lance. The main ore types and reserves of these 44 deposits (in mlrd t) for 01.01.2001 are as
follows:  1)  rich  ores — 2.26; 2) ferruginous cummingtonite-magnetite quartzites — 1.30;
3) ferruginous magnetite quartzites — 19.77; 4) ferruginous oxidized quartzites — 4.24.
Total reserves of these ores are 27.57. Besides, brown iron ore deposits, representing Phan-
erozoic crusts of weathering of the Precambrian ferruginous ores and rocks, were detected
within the Kryvyi Rig iron ore basin; their reserves are 11364 thou. t. The USh Kryvyi Rig
iron ore region, Kremenchuk and Bilozerske iron ore regions are localized in the USh; 24
deposits from these regions are in operation (21 — in the Kryvbas, 2 — in the Kremenchuk
region, 1 — in the Bilozerske region). The deposits in operation contain 17.26 mlrd t of ore,
i. e. 62.6 % from all balance reserves of iron ores of the USh that altogether create iron ore
basin of the Large Kryvyi Rig (Dniepropetrovsk, Kirovograd, Zaporizhia and Poltava dis-
tricts). The Peri-Azovian iron ore basin (Donetsk and Zaporizhia districts) is the next one as
to significance with reserves, being on the state balance, but its deposits are not used now.
The Peri-Bug ore and Volodarsk ore-bearing fields, where relatively small deposits are
localized, have lesser prospects. These deposits contain not only ferruginous quartzites but
also iron ores of skarn nature.

Iron ores of the USh are represented by industrial types: 1 — rich ores directly used in
metallurgy without preliminary enrichment, their perspective reserves are 1.4 mlrd t; 2 —
unoxidized ferruginous quartzites (magnetite, cummingtonite-magnetite, etc.), easily en-
riched according to relatively ordinary schemes; 3 — oxidized ferruginous quartzites (hema-
tite, martite, etc.), difficult for concentration with the use of relatively complicated schemes.
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All the association of iron ores of the USh Precambrian is related to Precambrian ferrugi-
nous-siliceous formations type.

The Kryvyi Rig iron ore basin (the Kryvbas). According to metallogenic aspect the
Kryvbas enters in a strict sequence into: the Kirovograd metallogenic subprovince > the
Kryvyi Rig-Ingulets SMZ > the Kryvyi Rig-Kremenchuk MZ (PR1–2) > the Kryvyi Rig ore
region > ore fields. The Kryvyi Rig ore region according to its main point and territorially
corresponds to the Kryvbas. This is a belt where differently metamorphised beds of the
Kryvyi Rig series are developed. This zone contains the main Ukrainian iron deposits. It
extends for 150 km and is 0.5–7.0 km wide. In structural plan it is the Saksagan (Kryvyi Rig)
syncline that is a part of the Precambrian eugeosyncline. This is a complex folded structure
of submeridional strike, compressed and often overturned eastwards synclinal and anticlinal
folds (of the second and higher ranks) are developed on the synclinal limbs. The synclinal
limbs are dipped on the west, and its west limbs as a whole are cut off with a fracture. All the
synclinal structure is complicated with disjunctive dislocations and displacements of several
ranks.

The Kryvyi Rig series (PR1–2) is subdivided into four suites, among which thick (up to
1280 m) and widely spread Saksagan (middle) suite has thick industrial deposits of ferrugi-
nous quartzites (about 85 % of reserves) and rich iron ores (about 15 % of reserves). Ferru-
ginous quartzites are initial chemogenic-sedimentary formations, which were subject to
regional metamorphism within various parts from green-schist to amphibolite facies. Some
parts of metamorphised ferruginous quartzites were exposed then to alkaline metasomatosis,
which resulted in formation of alkaline amphiboles and pyroxenes, albite and other minerals
in them, and in structural-textural transformations. Genesis of rich ores (they are practically
monomineral) is debatable, but the opinion prevails that their genesis is hypergenic-meta-
morphogenic.

Iron ores are mainly localized in the Saksagan suite, consisting of seven horizons of
ferruginous quartzites and schists successively alternating along the suite section. Ore bodies
are mainly stratiform, subconcordant, rarely column-shaped, stock-shaped and have other
forms. Their thickness is up to 100 m. These iron-quartzite horizons are sometimes com-
bined or pinched out. They extend for nearly 10 km, reaching 2250 m depth.

As a whole the depth of distribution of the Kryvbas iron ores is more than 3.5 km
according to the Saksagan syncline tectonic settling. Main types of the Kryvbas iron ores are
the followings: 1 — ferruginous quartzites with average Fe content 34.2 % (upper limit of its
content is 45 %) have reserves up to 16.6 mlrd t (reaching the depth of 500–800 m),
including easily enrichible magnetite quartzites — 13.8 mlrd t; 2 — rich iron ores, having
from 45 to 67 % of iron, with average Fe content — 56.7 %, P2O5 — 0.02, S — 0.16, and
their reserves are 1.1 mlrd t (to 1500 m depth). As a whole prospected reserves of all iron
ores in the Kryvbas are 21.8 mlrd t.

Ferruginous quartzites (hornfels, jaspilites), containing Fe — (30–45 %) are subdivided
into the following types: 1 — unoxidized magnetite, iron-magnetite, silicate-magnetite; 2 —
oxidized martite, iron-mica-martite, goethite-hydrogoethite-martite. Unoxidized quartzite
deposits are mainly localized in such places: 1 — in hinges of folded structures with horizon-
tal thickness of productive series up to 400–1000 m; 2 — in the zones of cross series
deformations with width up to 1600 m; 3 — in the limbs of folded structures where thickness
of ferruginous quartzites varies from 30 to 400 m.

Rich iron ores are mainly localized among ferruginous quartzites of the Saksagan suite.
Ore deposits of various forms are about 10–100 m thick. More than 300 industrial beds of
rich ore have been discovered. They are developed most of all in 25 deposits. According to
mineral content they are represented by such varieties: magnetite, martite, hematite-martite
(named "sinka"), goethite-micaceous iron ore (dispersed hematite)-martite (named "krasko-
sinka"), goethite-micaceous iron ore (dispersed hematite) (named "kraska"). Martite and
gematite-martite varieties of rich ores are predominant. Phanerozoic crusts of weathering
are developed on ferruginous quartzites. They are of two types — areal, with the depth of
100 m and linear with the depth above 2500 m. Hydrooxide ores are developed there.

According to mineral content ferruginous quartzites are subdivided into such kinds:
magnetite, martite, hematite-martite, hematite-magnetite, goethite-dispersed-hematite (mi-
caceous iron ore)-hematite-martite, goethite-dispersed hematite (micaceous iron ore), cum-
mingtonite-magnetite and others. Magnetite, cummingtonite-magnetite, martite and hema-
tite-martite varieties are predominant.

The deposits (areas, mines) in use and those out-of-use (marked as "íý") are disposed
from South to North within the Kryvyi Rig iron ore basin. These deposits are as follows:
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Ingulets, Shimanivka (íý), Skelevate-Magnetite, Skelevate, Valyavka, Novokryvorizhia,
Vostochno-Valyavka, Pervomaysk, Annivka, Petrivka, Zhovta Richka, Zapadne (íý), Ar-
temivsk, Popelnyaste (íý) and some mines.

Seven ore fields are localized in the Kryvbas in metallogenic relation from North to
South: Popelnyaste, Zhovta Richka, Annivka, Pervomaysk-Saksagan, Yuzhne-Kryvyi Rig,
Likhmanivka and Ingulets ore fields.

Rich iron ores and small amounts of ferruginous quartzites are mined in several mines
in the Kryvbas. The mining depth is 850–1500 m. The Yuzhne, Novokryvorizhia and Ingu-
lets mining-preparation integrated plant quarry ferruginous quartzites at a depth of above
300 m (about 80 % of all output) and they make iron ore processing.

The West-Ingulets-Kazanovka MZ (PR1–2) represents the western part of the Kryvyi
Rig-Ingulets SMZ (entering into the Kryvbas). This MZ includes some ore regions, having
iron ore units (the Right-Bank magnetic anomalies, etc.).

In the Right-Bank ore region, in its Chervone-Bratske ore field the Ivanivka, Zybkove,
Marievske and Krasnofedorivka deposits of ferruginous quartzites are localized. Their re-
serves and perspective resources are evaluated as 1181.9 mlrd t. In the Artemivsk-Zelenore-
chensk ore field the Artemivsk, Zapadne-Zhovtyanske and Zelena Richka deposits of fer-
ruginous quartzites are discovered. The thickness of silicate-pyroxene-cummingtonite-mag-
netite quartzites is 30–120 m, rarely it is more. The ore bodies extent along the strike is
1500–2400 m. Content of common Fe is 28–44 %, and magnetite Fe is 26–31 %. Their
reserves and resources (P1) are 807.8 mln t. In the West-Ingulets ore region, in its Petrove-
Balakhivka ore field in gneiss beds of Ingul-Ingulets series the Petrivske deposit of ferrugi-
nous quartzites (reserves are 336.3 mln t) is placed. This deposit is in operation (was in
operation) headed by the Central GOK. The beds fall by 50–85° westwards and are mainly
formed by magnetite, hematite-magnetite quartzites and less by carbonate-magnetite and
silicate-magnetite quartzites. In the Kryvyi Rig iron ore basin ferecasted resources evaluated
as those of 19 mlrd t have been both evaluated for reserves of iron ores and calculated as to
industrial category.

The Kremenchuk ore region (PR1) is placed on the left bank of the Dnieper (Poltava
district). It is often consolidated with the Kryvbas and is regarded as the Kryvyi Rig-Kre-
menchuk iron ore zone (basin). This ore district is the northern part of the Kryvyi Rig-
Kremenchuk SMZ. It represents the belt of metamorphised iron-siliceous rocks and shales
extending in the north-east direction for 45 km and being 0.2 to 3.5 km wide. The Kremen-
chuk syncline consists of 4 suites of the Kryvyi Rig series, including the Saksagan (middle,
iron ore) suite with thickness about 1300 m. The suite has 5 subsuites — ferruginous quart-
zites rock masses separated by schist subsuites. The second (from the bottom) 40–200 m
thick subsuite is the most ore-bearing one. The different depth linear crusts of weathering
having brown iron ore content occur here and there on ferruginous rocks. There are five
deposits (the Gorishne-Plavni, Lavriky, Eristiv, Bilany and Kremenchuk) with total reserves
of 45.04 mlrd t but only two first deposits are used by Poltava GOK. The reserves are
represented by ferruginous commingtonite-magnetite quartzites (1.30), magnetite quartzites
(2.93) and rich iron ores (2.68). All these five deposits are suitable for open mining except
the Kremenchuk deposit. The ore region consists of the Gorishne-Plavni and Galeshchany
ore fields. Forecasted resources of these regions to 1500 m depth are evaluated as 35 mlrd t,
including rich ores — 400 mln t.

The Middle Peri-Dnieper SMZ of the Dnieper-Peri-Azovian metallogenic subprovince
of the USh includes two MZ characterized by iron ore specialization.

The Verkhivtseve-Chertomlyk MZ has two ore regions. The Verkhivtseve ore-bearing
region — there are some manifestations of ferruginous quartzites (the Alferov, Teplivka and
others) occurring in the greenstone structures. The Teplivka manifestation is the most sig-
nificant one — this is a belt of the north-western direction 0.8–2 km wide and 8 km long. Its
four beds of carbonate-magnetite quartzites contain common iron (26.7–31.3 %), magnetite
(10.4–16.5 %), and carbonate iron (7.0–14.4 %). The Chertomlyk ore region. The Cher-
tomlyk deposit consisting of two beds of silicate-carbonate-magnetite quartzites 8 km long is
localized here in volcanogenic-sedimentary rock-masses of the Konka suite. The first bed is
about 300 m thick, the second one — about 85 m. Quartzites contain 30 % of common iron,
15 of magnetite, 7 of carbonate iron at an average.

The Konka-Bilozerske MZ (AR3) includes the Bilozerske ore (iron ore) region, which lies
within tholeite-komatiite formations. This region is a submeridional belt 65 km long and 5–
20 km wide, in which North-Belozerske, South-Bilozerske and Pereverzivka deposits are
localized. Ferruginous quartzites beds occur within metamorphosed volcanogenic-sedimen-
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tary strata, stretch for several kilometers, their thickness is 60–250 m, mineralization is
traced as deep as to 1500 m. According to their mineral content these quartzites are similar
to Kryvbas quartzites. Bed-shaped bodies of rich ferruginous ores up to 100 m thick occur in
ferruginous quartzites. They are confined to conjugation nodes of submeridional and subla-
titudinal fractures. Three deposits have prospected reserves about 0.7 mlrd t with average
iron content 60.6 %. The South-Bilozerske deposits are developed, where rich iron ores are
mined. They have average iron content 55.7; 59.5; 62.8 % according to its sort. Forecasted
resources of iron ore in this region are 6.0 mlrd t including 0.3 mlrd t of rich ores.

There are some areas with ferruginous quartzites similar to Verkhivtseve rocks in the
Konka greenstone structure. Two areas are the largest ones. Kyrpotyne district is extended
for 10 km with 1.2 km width. It is represented by three beds of amphibole-magnetite and
carbonate-silicate-magnetite quartzites with iron content of 12–44 % and 40–150 m thick.
The Veselyanka district is 4 km long, 0.4 km wide and includes a bed of ferruginous quart-
zites 60–65 m thick with iron content 30–44.3 %.

The Peri-Azovian iron ore region. In metallogenic aspect this region is a part of the
Dnieper-Peri-Azovian metallogenic subprovince, in which two SMZ have iron ore potential.
Industrial reserves in mln t (common — 2958.8, confirmed — 2258.8 under average iron
content 27.6 %) were calculated on the Vasynivka, Kuksungur, Gulyaipole and Mariupol
deposits.

The Orikhove SMZ (AR3). The Vasynivka ore field is placed in its central part, in which
the Vasynivka deposit of ferruginous fine- to coarse-grained, cummingtonite-magnetite quart-
zites is localized. Ore quartzites occur in various gneisses, schists and non-ore quartzites,
forming a syncline fold. Ore deposits represent two steeply dipping (80–85°) series of sub-
meridional strike. The eastern series, extended for 2900 m, is separated into a number of
blocks with fractures. Two ore beds 10–75 m thick (35 m at an average) are placed here.
Their common iron content is 25, magnetite — 17 %. The western series also includes two
beds. Magnetite quartzites are easily enriched. Reserves of the deposit in mln t are: common
358.0, confirmed 291.5 with average iron content — 33.4 %. Ores are mined.

The Korsakivka-Kuksungur ore field is placed in the southern part of SMZ. Iron ore
deposits and some ore districts are localized in this SMZ. The most significant Kuksungur
deposit of cummingtonite-magnetite and pyroxene-magnetite quartzites, is localized in the
central part of Kuksungur synclinorium. These quartzites form bed-shaped 3800 m long
deposits, with average thickness 62 m and traced depth about 600 m. The ores contain
common iron 29–31 %, magnetite 25–27, P2O5 about 0.12, S about 0.02 %. Magnetite
quartzites are easily enriched. Confirmed reserves (in mln t) make 287.3 with average iron
content 30.0 %. The deposit will be quarried. The Korsakivka deposit is a closed synclinal
fold, extended for 3.6 km. Pyroxene-magnetite and to the lesser extent magnetite-olivine
quartzites form two bed-shaped deposits. The western deposit is 1200 m wide, and 65–110
thick. The eastern deposit is 100–120 m thick, and about 200 m on the flexure bend. Ores
contain common iron — 25.8, magnetite — 16.7 %. The Novoukrainka deposit of pyroxene-
magnetite and cummingtonite quartzites, and various gneisses enclosing them form a nar-
row syncline of submeridional strike. The deposit is 18 km long with ore deposits thickness
about 50–80 m. Pyroxene-magnetite quartzites contain common iron 26.5–33.8, magneti-
te — 15.5–24.3 %.

The West Peri-Azovian SMZ (AR3) includes two ore regions with iron ore potential.
The Gulyaipole ore field (AR3) includes the Gulyaipole iron ore deposit, which is a syncline
with high-angle (75–80°) limbs, extending for 3.5 km north-westward under 1.5 km width.
Here two 150–450 m thick horizons of fine-grained silicate-magnetite quartzites 30–110 m
thick, and ore bodies. There are fine-grained silicate-magnetite quartzites, cummingtonite,
magnetite, biotite, riebeckite prevail among them. The content of common iron is 27,
magnetite — 17 %.  Iron ores were subject to epidote-amphibolite facies metamorphism
then — alkaline metasomatosis, and then suffered hypergene changes. Quartzites are rela-
tively difficulty enriched. The confirmed ore reserves (in mln t) are 1467.3: common —
2081.2 under average iron content 26.2 %.

The Mangush ore field (AR3): the Mariupol deposit is localized in it. Iron ore deposits
which are 22–74 m thick and about 3 km long are placed in brachy-syncline structure,
reaching 900–1800 m in diameter. The iron ore bed includes pyroxene-magnetite, magne-
tite-pyroxene, sometimes garnet-bearing quartzites with interbeds of ultrabazites and am-
phibole-pyroxene crystalline schists. Ores are easily enriched, contain common iron 29.4,
magnetite — 22.9 % (at an average). Confirmed reserves (in mln t) are 262.7; common
reserves are 277.6 with average iron content in ore up to 28.6 %.
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Forecasted reserves of magnetite quartzites within the Peri-Azovian iron ore region are
8.1 mlrd t.

The Dniester-Bug metallogenic subprovince includes two structure-formation zones
(SMZ) specialized for iron ore.

The Golovanivsk SMZ includes the Talne MZ, and Peri-Bug ore region and its Mol-
dovka ore field (AR3), in which small Moldovka deposit is localized. Its ores are of three
types: 1 — bed-shaped bodies and deposits of ferruginous, mainly hypersthene-magnetite
quartzites (metamorphozed volcano-sedimentary formations) 10–300 m thick, 0.3–2.0 km
long with common iron content 25–31, magnetite — 14.0–19.5 %; 2 — rich carbonate-
magnetite skarn ores containing common iron 37, magnetite 29 %, they do not require
enrichment and they are self-fluxible. These ores are placed in tectonic zones with deve-
loped metasomatosis; 3 — oxidized iron ores (brown iron ore, ochre) in the crust of weath-
ering, deposit thickness up to 40 m, content of soluble iron up to 60 %, 38 at an average.

The  Bilotserkivka  SMZ. The Volodarske ore-bearing field (AR3–PR1) is localized
within this zone, and Volodarske, North-Berezna and other iron ores districts are discovered
there. Bed-shaped deposits of ferruginous quartzites are developed within these districts.
The beds thickness is up to 5 m, sometimes up to 18 among amphibolite, amphibol biotite
gneisses and silicate-carbonate rocks. Iron skarn ores sometimes are localized. Content of
magnetite-carbonate iron is 25–30 %. There are small concordant lens-shaped deposits of
massive and indistinctly banded rich iron ores, which sometimes turn into ferruginous quartzites
or relicts of mother ferruginous quartzites ore, are observed in their mass. Iron content in
rich ores  is  about 55 %  or  above. Brown iron ores and hydrohematite-martite (Fe up to
60 %) and sideritic (Fe = 30–40 %) ores occur in the crust of weathering of ore bedrocks.
In Kosnitsa-Voronkovske ore-bearing field of the same SMZ the beds of pyroxene-magne-
tite quartzites 20 m thick (7 m at an average) with magnetite iron content up to 30 % are
discovered. In the Ananyivka MZ (AR3) of the Bilotserkivka SMZ at the depth of 100–500 m
among gneisses, shales and calciphyres the 27–200 m thick beds of ferruginous, mainly
magnetite (magnetite content up to 15–32 %) quartzites occur.

Vanadium. Ukraine has not its own vanadium deposits now and does not manufacture
vanadium products as associate components under development of complex deposits of
other metals. At the same time there are complex deposits in the USh, which ores have high
vanadium content and vanadium can be extracted from ores as an associate component [6,
10]. Industrial V2O5 reserves have been calculated in some deposits. These deposits belong
to the following genetic types:

Magmatic deposits and manifestations are spatially and genetically connected with the
largest Korosten and Korsun’-Novomyrgorod gabbro-anorthosite-rapakivi-granite plutons
(PR2).

The Korosten pluton is a component of the Korosten SMZ (PR2) of the Volyn metal-
logenic province. The Volyn ore region with the Chopovychi and the Fedorivka-Vydybor
ore field is distinguished within this SMZ. The gabbro formation, specialized for titanium,
vanadium and scandium (in ilmenite and titanomagnetite) and phosphorus (in apatite) is
the main productive geological formation. In the Korosten pluton significant amounts of
vanadium are contained in ilmenite and titanomagnetite ores of all deposits and manifesta-
tions, but vanadium concentrations in these deposits are studied differently. The Stremygo-
rod and Torchin deposits with complex ores with calculated industrial reserves of titanium,
phosphorus and vanadium have been studied in this pluton. These deposits are discovered
within the Volodarsk-Volynsky massif.

In the Chopovychi ore field the Stremygorod apatite-ilmenite ores deposit is localized.
This deposit contains troctolites of the southern part of the Chopovychi gabbro-anorthosite
massif. The ores are poor, impregnated in olivine gabbro; medium-impregnated in leuco-
cratic gabbro; medium-, closeimpregnated in troctolites and plagioclase peridotites; rich
ores are localized in the central part of the ore body. Ilmenite content is constant, it contains
considerable amounts of vanadium (at an average V2O5 = 0.22 in bed ores and 0.17 % in the
crust of weathering), scandium, and Cu, Pb, Co, Ni, Zn, Sn, Nb, Zr, etc. admixtures.
Kaolin crusts of weathering with ilmenite are developed in the bedores. Vanadium reserves
were calculated on bedores and weathered ores and the Stremygorod deposit is related to the
category of large ones according to vanadium content.

Within the Fedorivka-Vydybor ore field the Fedorivka and Vydybor apatite-ilmenite ore
deposits, analogous to the Stremygorod deposit are explored. These deposits have lesser ore
reserves, but they occur at the lesser depth (up to 1–12 m). Vanadium and scandium
reserves, except for titanium and phosphorus, are calculated in these deposits. The Fedoriv-
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ka deposit is the most perspective and real object for vanadium, phosphorus and titanium
production. According to their content and quality its ores are close to Stremygorod ores.
Ilmenite, apatite and titanomagnetite concentrates were produced in semi-industrial tests
from ores of the Fedorivka deposit. Titanomagnetite concentrate after reduction contained
common iron — 52.2, TiO2 = 18.0, V2O5 = 0.9 %.

In the Volyn ore region of the centre of Volodarsk-Volynsky gabbro-anorthosite massif
the Kropyvenka apatite-ilmenite-titanomagnetite ore deposit is localized. Main ore minerals
are: ilmenite, titanomagnetite, ulvospinel and apatite. Titanomagnetite-ulvospinel concen-
trate contains up to 0.43 % of V2O5, 20–22 of TiO2, 60–65 of FeO + Fe2O3, at an average,
but in ores TiO2 = 8–10, P2O5 = 2–4 %. From this concentrate titanium and vanadium
(with 14.7 % V2O5) slag, vanadium cast iron and microalloyed steel may be obtained.

The Torchin deposit is represented by eluvial ilmenite ores in the crust of weathering of
ore-bearing gabbroides. This is a typical relict deposit. Industrial concentrations of titanium
minerals in primary kaolin were formed when "no ore" components were removed under
weathering. The deposit primary ores are related to those of overbalance category. Average
V2O5 content in ilmenite is 0.22 %. According to the category of vanadium reserves this
deposit is middle one.

Vanadium as the associate is also calculated in original apatite-ilmenite (with titano-
magnetite and ulvospinel) ores, preliminarily explored (or prospected in detail) on the Po-
romivka, Yurivka and other deposits.

The Korsun’-Novomyrgorod SMZ (PR2) of the Kirovograd metallogenic subprovince
has gabbro-anorthosite-granite pluton including some gabbro-anorthosite massives (Mezhy-
richka, Gorodyshche, Smela, Novomyrgorod and others). Ore deposits with ilmenite, mag-
netite, titanomagnetite, rutile, sulphide, etc, often occur among them in melanocrate gab-
broides. Besides iron, titanium and vanadium these ores contain scandium, cobalt, hafnium,
niobium, etc. The discovery of the middle and even large complex of vanadium-iron-titani-
um deposits are forecasted within the pluton. In Korsun’-Novomyrgorod SMZ in its Goro-
dyshche-Smela MZ, disposed in the southern part of the pluton, the Nosachi ore field is
placed. The Nosachi deposit and some forecasted apatite-ilmenite ores are localized in these
fields. These deposit and ore manifestations are similar to some deposits of the Korosten
pluton.

In Kryvyi Rig district the Lykhivka gabbroid belt extended in parallel with the meri-
dional Kryvyi Rig-Kremenchuk structure up to 200 km. Small dike-shape massives of gab-
bro-diabase and diabase are disposed in this belt. They are sometimes enriched with magne-
tite, titano-magnetite and ilmenite impregnations up to 30 %. The Lykhivka and Milora-
dove districts are the most perspectives. In the former district the ore rock contain up to 5 %
TiO2 and up to 0.1 V2O5, V2O5 quantity in titanomagnetite constitutes 1.1–1.4 %.

Vanadium-bearing apatite-ilmenite-titanomagnetite ores in Early Proterozoic massives
of the basic and ultrabasic composition deserve investigation in Peri-Azovian block of the
USh.

Uranium-vanadium-scandium metasomatites. In the northern part of the Kryvbas there
is the Zhovta Richka uranium deposit, where besides uranium, industrial concentrations of
vanadium, scandium, zirconium, rare earths, phosphorus and others are present. Complex
polymetal uranium-vanadium-scandium ores are localized in carbonate-alkaline metaso-
matic zones of Early Proterozoic age placed along the crushed zones. Similar metasomatic
zones are developed not only in the limits of the above-mentioned deposit, but in other parts
of  the  Kryvbas. The average V2O5 content in uranium-vanadium-scandium ores is 0.2–
0.36 %. The description of these deposits is presented in the papers dedicated to scandium
and uranium. The most considerable vanadium amounts are discovered in sodium metaso-
matosis zones, developed on Kryvyi Rig series rocks and bedding between the Zhovta Rich-
ka complex deposit and Annivka quarry of the North GOK. The 19 and 33 m thick intervals
with V2O5 = 0.39–0.44 % content and higher amounts of U, Zr, Sc, TR, P and others are
discovered. Ore mineral-concentrate aegirine contains V2O5 = 4.9–7.9 %, Sc = 0.08–0.1;
Zr is about 1, Hf = 0.4–0.5 %; riebeckite has lower concentrations of these elements. The
reserves of uranium-vanadium-scandium ores of the Zhovta Richka deposit under average
content of V2O5 = 0.21 %, TR = 0.5 %, Sc = 100 g/t represent vanadium deposits of the
medium scale.

Besides the above two main types of deposits, which are the principal concentrators of
considerable amounts of vanadium, the following geological formations as sources of asso-
ciate vanadium are of practical interest in Precambrian complexes of the USh:

1. Vanadium-bearing quartz-mica slates of the Kryvyi Rig iron ore district, especially
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occurring within the Kirov mine.
2. Carbonaceous (black, graphitic, etc.) slates and similar rocks metamorphised to

various degree and distributed in many Precambrian series of some structures of the USh,
especially those of Proterozoic age. Higher vanadium concentrations are mentioned in car-
bonaceous rocks, enriched with organogenic bound sulphur and by phosphate matter in
which vanadium concentrations directly correlate with organic carbon.

3. Besides the above U-V-Sc metasomatites other metasomatites are promising for
vanadium-bearing ores: a — carbonate-alkaline in which vanadium can associate with pla-
tinoides and other elements; b — hematitized and sulphidized, where vanadium (up to 5 %)
is sometimes combined with Cu, U, Mo, Au, Ag, Re, etc. concentrations; c — hematite-
bearing metasomatites in graphite suites; d — in alkaline-metasomatic uranium-bearing
albitites.

4. Reach quartz-siliceous and scarn iron ores of Odesa-Bilotserkivka, Kryvyi Rig-Kre-
menchuk and Peri-Azovian structure of the USh. In particular in iron ores of Peri-Azovian
area V2O5 content varies from 0.02 to 0.22 %.

5. Ancient (Precambrian) crusts of weathering in Kryvyi Rig, Kremenchuk and Bilo-
zerske iron ore districts, where the second and relict iron ores are enriched with vanadium
up to industrial contents.

Chromium. Stratiform magmatic deposits in the USh have the largest perspectives ac-
cording to its reserves and ore quality. These are early magmatic or segregation deposits in
differentiated stratiform ultrabasite massives. Similar large deposits having analogous ore
quality are localized in Precambrian structures (shields) of South Africa, North America,
India and others.

In Precambrian complexes of the USh the Middle-Bug (Kirovograd district), just Peri-
Bug ore region situated in Golovanivsk tectonic block, is the most perspective for chromium
deposits of the above stratiform type. In the Middle Bug Area more than 60 small Upper
Archean stratiform and submassive metamorphised basite-ultrabasite massives are disco-
vered but only 11 of them are chromium-bearing ones [5, 8]. The massives of ultrabasic and
ultrabasite rocks are concentrated in three belts of the north-eastern strike, within the Khash-
chevate-Zavallya and Pervomaysk-Golovanivsk structures. These massives, are probably,
controlled by regional structures of the same direction: Moldovka-Ternuvate, Kapitanka
and Sukhyi Tashlyk. The massives length along the strike is from the first hundreds of metres
up to 3–4 km. Some massives, especially in the east belt along the Sukhyi Tashlyk structure
and in south-eastern part of the mentioned two others, are not practically studied. In me-
tallogenic respect these structure-formation units of the Middle Bug Area are the members
of the Kapitanka Ore Field (AR3), of the Peri-Bug ore district of the Golovanivsk SMZ of the
Dniester-Bug metallogenic subprovince. Here chromium-bearing intrusions of dunite-py-
roxene (dunite-harzburgite) subformation (formation) are only in the central part of the
Pervomaysk-Golovanivka structure, forming middle (Kapitanka) belt of chromium-bearing
ultrabasites (Kapitanka complex) massives. General amount of the massives of this subfor-
mation is about 20 units, but only 11 massives were partially studied with drilling. Within all
these 11 massives chromium ores were discovered: two deposits — Kapitanka (explored) and
the West district of Lipovenky (preliminarily studied), 9 manifestations: Western, Lipoven-
ky, Shkolnoje (Lipovenky II, Shkolnoje district), Zavodske, Lypniagy and others. In Kapi-
tanka ore field [8] some massives are the most perspective for chromium: Pervomaysk,
Pushkove, Northern, Lypniagy Southern, Lypniagy, Lypniagy Northern and too lesser de-
gree — Derenyukhy Northern and 8 more stocks.

The Kapitanka deposit of chromium ores is the most studied (explored) and it is the
most perspective for chromium. It is placed between the Kapitanka village and Pobuzhie
Nickel Plant within the territory belonging to this plant. The deposit is localized in the 4.5–
5 km long Kapitanka massif. It is composed by ultrabasite metarocks of dunite-harzburgite
(dunite-peridotite) subformation — these are unchanged and serpentinized regionally meta-
morphized dunites, harzburgites and rarely pyroxenites.

Ore bodies of the Kapitanka deposit occur in serpentinites or serpentinized ultrabazites
as a rule in contacts with pyroxenites in the lower (eastern) contact of the massif, rarely in
pyroxenites. Ore bodies partially outcrop, some of them are exposed in the quarry of Pobuzhie
Nickel Plant, which mines silicate nickel ores. Ore deposits form series drawn together
steeply dipping ore bodies and have lenticular and column-shape form 0.5–12 m thick and
50–150 long. They are traced at the depth of 300 m, and sometimes up to 700 m. Main
chromium carriers are chrome-spinellids (chrome-pycotite — up to 90 % of ore mass,
ferrochrome-pycotite, manganochromite) and chrome-diopside, magnetite in lesser mea-
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sure. Other minerals such as carbonates are noticed in the ores. Cr2O3 content in ores are 6–
45 %, 29 at an average. Ores contain Cr2O3, %: poor ores — 6–15; impregnated — 15–29;
closely impregnated — 28–30; massive, compact — 40–45. Silicate nickel ores, conditioned
for industry, as to nickel content, and complex chrome-nickel ores occur in the upper parts
of chromium ore deposits, at the depth of 100–300 m in linear crusts of weathering.

Chromium ores were discovered along all west contact of the massif. Ore deposits
exposed to the erosion cut, where suboxidized sooty rich chromic ores were formed and
complex chrome-nickel ores were formed in the linear crusts of weathering (the average
content of nickel and cobalt make up — 1.0, Cr2O3 — 12.2, iron — 32.48 %).

In  1994  the deposit reserves were calculated at the depth of 300 m — and they were
2.7 mln t of ore with average Cr2O3 content 26.02 %; reserves and resources at the depth of
about 600 m— were 6.1 mln t with the same content. G. D. Lepigov and A. P. Vasilenko
(2001) calculate these reserves (at the depth up to 300 m) as 2.1 mln t under average Cr2O3
content — 24.78 %. Besides, this at the depth up to 100 m in linear crusts of weathering
there are 6.0 mln t of complex chrome-nickel ores, suitable for direct melting at the nickel
plant near the deposit to obtain chromferronickel production. During the past time new data
were obtained, which confirm considerable reserves of chromium ores in this region and
expediency of exploration and industrial use of the deposits. Next to the Kapitanka deposit
five deposits are forecasted. Perspective resources of each deposit is no less than 2.5 mln t of
ore with  average   Cr2O3 content up to 26–28 %. Their total resources at the depth about
800 m are 21 mln t of ore. Total evaluation of chromium ores in the region at the depth of
600 m according to various authors is fluctuating from 50 to 170 mln t of ore. Uninvestigated
southeast  part   of   the region (the Sukhyi Tashlyk zone) deserved the first turn studying.
G. S. Gursky and others (1998) evaluated total forecasted resources of chromium ores of the
Peri-Bug region as 170.9 mln t of ores.

Thus, in the Middle Peri-Bug area there is every reasons to create the home (Ukraini-
an) chromium ore base, though these ores are something worse than chromium ores of the
Urals, Kazakhstan and other developed deposits.

Besides the above described geological-industrial type of chromium deposit with chro-
mium concentrations in ultrabasites as chrome-spinellids, some other substance-genetic
formations with industrial chromium contents are discovered in Ukraine. It may happen
that specific metamorphic (metasomatic) rocks (ores) enriched with chromium and other
metals, like chromium-vanadium formations of the South Peri-Baikal region, etc. will be
discovered within the Precambrian complexes of the USh. Higher contents of Cr2O3 = 2–
10 % are noticed in all the deposits and perspective districts of cobalt-nickel hypergenic
silicate ores, developed in nontronite and ochre zones of laterite crusts of weathering of
Precambrian ultrabasites of the USh.

Manganese. As to the scale and variety of endogenic manganese-bearing capasity the
USh (its clark MnO = 0.08 %) occupies the medium position among other World’s Precam-
brian Shields, because endogenic (magmatic, hydrothermal and metamorphic) manganese
content is higher in the Precambrian structures of India, South Africa, Brazil, and Australia
(the Southern Hemisphere) and less spreaded then in the Aldan, Anabar, Baltic and Cana-
dian Shields (the Nothern Hemisphere).

No considerable accumulations of endogenic manganese ores, being of industrial inte-
rest for production of manganese concentrates and other products, are discovered in crystal-
line complexes of the USh [7, 9]. Local manganese concentrations (MnO < 1 %) are the
most   developed in metamorphised primary sedimentary and volcanogenic-sedimentary
silicate, silicate-carbonate and carbonate formations, small stratified and lens-shaped de-
posits of typical gondites, kodurites, rhodonite slates, etc occurring among them. Manga-
nese is concentrated in their olivines, garnets, pyroxenes, amphiboles, carbonates, ilmenites,
magnetites, etc., in which manganese is an isomorphic admixture. Much lesser part of
manganese is concentrated in manganese minerals proper: rhodonite, bustamite, rhodoch-
rosite, spessartine, tephroite, iohanesite, manganophyllite, etc. Oxidic manganese minerals
proper (braunite, hausmannite, jacobsite, etc.) are marked in single cases. The Bug (AR3),
Dniester-Bug (AR1) and Konka-Verkhivtseve (AR3) series, having the highest amount of
manganese manifestations of initial sedimentary and volcanogenic-sedimentary nature, have
the highest manganese potential. Their lower parts are the most manganese-bearing within
these series. scarn manganese-bearing formations of small size are developed in the Peri-
Bug and to the less degree they occur in the Peri-Azovian area. They are composed by
manganese-containing   garnets,  pyroxenes, micas, olivines, carbonates, rhodonite and
others. They were formed under granitization or postmagmatic processes of Precambrian
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(AR3–PR1–2). Metasomatic manganese-bearing formations are fixed in the Sushchany-Perga
structure-formation (metallogenic) zone (PR2). Rare-metal-alkaline metasomatites includ-
ing genthelvite, having helvite — Mn4Be3(SiO4)5S are developed widely industrial scales.
The Sushchany deposit with industrial reserves of disthene, representing disthene-viridine
(mangan-andalusite) high temperature secondary quartzites are localized in this zone.

Hypergenic deposits. Laterite, kaolin and hydromica crusts of weathering were inten-
sively developing on crystalline rocks of the USh Precambrian in Mesozoic and Cenozoic.
In some cases under weathering of calciphyre and marble series that are interbedded with
various gneisses, slates and basic-ultrabasite rocks (the Bug, Dniester-Bug, Konka rarely
other series) manganese-bearing crusts of weathering were created. Lesser-infiltrated con-
centrations of hydroxides and manganese oxides can be small deposits of manganese, iron-
manganese and manganese-iron ores under corresponding scales and content of manganese.
These deposits  (manifestations)  contain manganese, iron-manganese, manganese-iron,
oxide-hydroxide ores different in size, form, structure, content, and quality. Morphology of
ore deposits is very complicated — these are beds, lens, tubes, irregular bodies, etc. In lower
horizons the deposits are of infiltration character. Contents of MnO (up to 35 %), Fe2O3 (up
to 60 %) and their ratio are widely varying. The average MnO and Fe2O3 contents are in
iron-manganese ores 14.3 and 37 %, in manganese-iron ores 4.5 and 38 % accordingly.

The Khashchuvate (Antonove-Khashchuvate) deposit of manganese, iron-manganese
and manganese-iron ores, placed in Kirovograd region on the left South Bug river bank [9]
is the most representative and significant in this respect. In metallogenic respect this deposit
is localized in Khashchuvate ore field (AR3–PR1–MZ–Q) which is included in the Ananyiv-
ka MZ of the Bilotserkovka SMZ of the Dniester-Bug metallogenic province. Calciphyre
and marble mother series as well as calciphyre and marble series interbedding with small-
thick intercalations of various gneisses, slates, amphibolites and pyroxenites of Khashchu-
vate-Zavallya suite of the Bug series (AR3) are placed here. These rocks contain MnO from
0.1 up to 1.0 %, rarely up to 4 %. Manganous, iron-manganous, manganese-ferrous carbo-
nates, silicates, hematite, magnetite are developed in these rocks in small or large amounts.
The area, area-linear and linear ore-bearing crusts of weathering exist in these Precambrian
suites. Ore-bearing crusts have sometimes a character of infiltrate formations in the lower
parts of the crusts. All crusts of weathering have relatively zonal structure (from bottom to
top): zone of initial hypergenic destruction, transition zone, zone of final weathering.

The deposit (iron-manganese ore zone) is extended in latitudinal direction for 10 km
with width about 1 km and represents a series of 14 ore horizons (beds), occurring in
accordance with parent crystalline rocks. The most ore-bearing rocks are two 4–15.5 m
wide latitudinal belts. The deposit is subdivided into such districts (manifestations) An-
tonove, West-Khashchuvate, Solomiya, East-Khashchuvate, Bandurivka and others. East-
Khashchuvate district is the most studied one. Oxide-hydroxide iron-manganese and man-
ganous iron ores are developed in this district. Weathering (oxidizing) processes are traced at
the depth of about 40 m.

Ore-bearing crusts of weathering and infiltrate formations are composing oxide-hy-
droxide manganese, manganese-brown iron ores, brown iron ores, having various solidity,
looseness, structure, texture, mineral and chemical content. Zonal concretions various in
size (about 30 cm), structure and content, with certain distribution regularities in the crusts
of weathering are often noticed among them. Side by side with oxide-hydroxide ores there
are often hypergenic carbonate ores. Oxide-hydroxide ores are represented by the following
types:  1 — compact,  of massive and leguminous structure, dull, black; 2 — loose, earthy;
3 — concretions; 4 — cellular-porous; 5 — impregnated and others. Morphology of ore
bodies is rather complicated and multiform. Pyrolusite, psilomelane, todorokite, lithophorite,
rancieite, siderite-rhodochrosite, manganite, etc. are the main manganese carriers. Besides,
these ores contain goethite, hydrogoethite, nonthronite, hydrochlorite, montmorillonite,
kaolin, chalcedony, quartz, secondary carbonate, hematite etc., and also relict grains of
carbonates, silicates, alumosilicates, etc.

Qualitative varieties of these hypergenic (relict) manganese and manganous ores con-
tain as  much   as   possible (in %) of MnO — 45.0, Fe2O3 — 58.8, SiO2 — 4, Al2O3 < 1,
P2O5 — 0.5, S — 0.05. Ores are easily enriched. Low industrial ore reserves are calculated in
the deposit. They are not still accounted by the State balance for the present. Manifestations
analogous to Khashchuvate such as Solontsi, Zavallya, Savran and others are of practical
interest. Analogous manifestations of iron-manganese ores are known on Grushkivka and
Novoselivka districts, where they are connected with crusts of weathering of basic-ultraba-
site rocks. Perspective reserves of such ores in the Peri-Bug region are 758 mln t of ores, and
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forecasted reserves are 376 mln t of ores.
Summarizing the above mentioned, we can conclude that the Precambrian structure-

formations complexes of the USh and Phanerozoic hypergenic formations (crusts of weat-
hering) developed on them have, together with a large complex of other useful minerals,
colossal amount of varied material-genetically concentrations (deposits, manifestations) of
ores of ferrous metal (Fe, V, Cr, Mn). Deposits and manifestations of these metals are
different in their industrial importance (reserves, resources) and its development in the rock
complexes and structures of the USh. All these arguments allow the USh to be considered
the rather significant metallogenic province, possessing the essential industrial potential for
iron ores, but to lesser degree for vanadium, chromium and manganese ones.
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ÐÅÇÞÌÅ. Äîêåìáðèéñêèå êîìïëåêñû Óêðàèíñêîãî ùèòà è ðàçâèòûå ïî íèì ôàíåðîçîéñêèå êîðû âûâåòðèâàíèÿ
íåñóò ñóùåñòâåííûé ïîòåíöèàë ðóä æåëåçà, âàíàäèÿ, õðîìà è ìàðãàíöà. Èõ ìåñòîðîæäåíèÿ è ïåðñïåêòèâíûå
ðóäîïðîÿâëåíèÿ ðàçíîîáðàçíû ïî âîçðàñòó, ãåîòåêòîíè÷åñêîìó ïîëîæåíèþ, âåùåñòâåííîìó ñîñòàâó è ãåíåçèñó.
Ðóäíûå êîíöåíòðàöèè ÷eðíûõ ìåòàëëîâ ðàçâèòû âî âñåõ ïÿòè ìåòàëëîãåíè÷åñêèõ ñóáïðîâèíöèÿõ Óêðàèíñêîãî
ùèòà. Ñðåäè ýòèõ ðóä íàèáîëåå çíà÷èìû: ïî æåëåçó — æåëåçèñòûå êâàðöèòû è ðàçâèòûå ïî íèì áîãàòûå ðóäû;
ïî âàíàäèþ — ìåñòîðîæäåíèÿ èëüìåíèòà â áàçèò-óëüòðàáàçèòàõ; ïî õðîìó — õðîìèò â ðàññëîåííûõ
óëüòðàáàçèòàõ; ïî ìàðãàíöó — ãèäðîîêñèä-îêñèäíûå ðóäû êîð âûâåòðèâàíèÿ.

ÐÅÇÞÌÅ. Äîêåìáð³éñüê³ êîìïëåêñè Óêðà¿íñüêîãî ùèòà òà ðîçâèíåí³ ïî íèõ ôàíåðîçîéñüê³ êîðè âèâ³òðþâàííÿ
ì³ñòÿòü ³ñòîòíèé ïîòåíö³àë ðóä çàë³çà, âàíàä³þ, õðîìó òà ìàðãàíöþ. ̄ õ ðîäîâèùà òà ïåðñïåêòèâí³ ðóäîïðîÿâëåííÿ
ð³çíÿòüñÿ çà â³êîì, ãåîòåêòîí³÷íèì ïîëîæåííÿì, ðå÷îâèííèì ñêëàäîì òà ãåíåçèñîì. Ðóäí³ êîíöåíòðàö³¿ ÷îðíèõ
ìåòàë³â ðîçâèíóò³ ó âñ³õ ï’ÿòüîõ ìåòàëîãåí³÷íèõ ñóáïðîâ³íö³ÿõ Óêðà¿íñüêîãî ùèòà. Ñåðåä öèõ ðóä íàéá³ëüø
çíà÷óù³: çà çàë³çîì — çàë³çèñò³ êâàðöèòè òà ðîçâèíóò³ ïî íèõ áàãàò³ ðóäè; çà âàíàä³ºì — ðîäîâèùà ³ëüìåí³òó â
áàçèò-óëüòðàáàçèòàõ; çà õðîìîì — õðîì³ò ó ðîçøàðîâaíèõ óëüòðàáàçèòàõ; çà ìàíãàíîì — ã³äðîêñèä-îêñèäí³
ðóäè ê³ð âèâ³òðþâàííÿ.
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Endogenic Deposits of Rare Metals in the Ukrainian
Shield

In the Ukrainian Shield almost all known endogenic deposits of rare metals (Zr, Nb, Ta, REE, Sr, Li, Rb, etc.) are
genetically connected with complexes of Proterozoic (1.7–2.1 Ga) alkaline rocks, carbonatites and granite pegmatites.
Though majority of these deposits belongs to known traditional types, but number of specific mineralogical, geoche-
mical and petrological features allow considering them as unique. At the same time in this region the absolutely new
types of deposits are open, which are not known in other Precambrian shields (strongly enriched in Zr, REE and Y
nephelineless syenites).

Introduction. The Ukrainian Shield (USh) is in many respects unusual rare-metal province.
First of all it is determined by all endogenic deposits and overwhelming majority of small
occurrences of rare metals are genetically connected with the Proterozoic (1.7–2.1 Ga)
intrusive complexes. The latter are represented by alkaline and subalkaline rocks, carbo-
natites, granitoidic pegmatites. In most case ores of rare metals locate immediately in mag-
matic rocks (i.e. they have magmatic genesis). To a certain degree they are connected with
metasomatites, which accompany ore-bearing magmatic rocks.

In spite of the majority of known rare metals deposits of the USh belong to traditional
type, which are connected with nepheline and alkaline syenites, carbonatites and alkaline
granites, they have many specific features. It allows speaking about their originality (on
mineral composition and some geochemical and petrological features). In particular, re-
cently within the USh some deposits of rare metals are discovered, that have no world
analogues (syenites strongly enriched in Zr, REE; scandium-bearing alkaline metasoma-
tites, etc.).

General characteristic of the deposits related to alkaline complexes. Carbonatites of the
Chernigivka complex (Peri-Azovian area) were discovered more than 30 years ago and have
been well investigated [8, 9]. The rare-metal deposit connected with carbonatites of this
complex belongs to biggest within the USh on its resources, but in general not rich ores
(Table 1). These carbonatites are considered as combined ores of apatite and rare metals.
During their exploitation can also be withdrawn molybdenite, ilmenite, phlogopite, carbo-
nates.

Chernigivka (or Novopoltavka) carbonatite complex has an elongated-linear form of a
north-east strike (Figure). The rocks of the complex represent lenticular bodies and are
traced on a distance about 20 km, but thick ore-bearing carbonatites are revealed only on
stretch of 6–7 km. The complex consists of carbonatites, alkaline pyroxenites, nepheline
and alkaline syenites. In an obviously subordinate amount there are also ijolites-melteigites,
phlogopite peridotites, phoscorites, essexites, etc. Country granitoids are intensively fe-
nitized. The thickness of the complex together with fenite aureole reaches 600–700 m. Most
widespread (after syenites) and properly ore-bearing rocks are carbonatites. The thickness of
steeply dipping carbonatitic dikes and plate-like bodies is changed over a wide range, from
the first up to several tens meter, frequently 50–60, occasionally up to 100 m. On mineral
composition some types of carbonatites are distinguished, within which predominate dolo-
mite-calcite (from dolomite-bearing essentially calcitic to almost completely dolomitic)
with olivine and phlogopite varieties (beforsites). As subordinate, are calcite carbonatites
with biotite, phlogopite, pyroxene, Na-Ca-amphibole, olivine (sovites and alvikites [4, 9]).

Carbonatites of the Chernigivka complex contain, as a rule, about 10 % apatite. Besides
carbonatites, in particular beforsites, quite often (in northern part of the massif) are accom-
panied by such rich in apatite (sometimes together with magnetite) rocks, as phoscorites,
which contain 20–80 % of apatite. Such rare metals as Nb, Ta, Zr are distributed rather
nonuniformly (Table 1). Carbonatites of northern and central part of the complex are in
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most case ores of Nb, Ta and REE. At the same
time similar rocks of a southern part are general-
ly depleted of Nb (quite often 10–50 ppm) by
rather higher contents of phosphorus. The ave-
rage Nb contents in carbonatites does not ex-
ceed 300–600 ððm [9, 24]. Mentioned in the
literature [7, 26] rather higher concentration of
rare elements (0.1–0.3 Nb, 0.5–1.0 % REE) in
carbonatites concern obviously northern part of
this complex.

Carbonatites, as it is inherent for these rocks,
are enriched by Sr (on the average about 1 %),
but there is some inhomogeneity in distribution
of this element (its contents is higher in north-
ern part of a complex, where sometimes in be-
forsites it reaches 3–4 % [9]). At that the direct
correlation between the contents of Sr and REE
is observed.

Rather interesting and unusual is mineralo-
gy of rare metals in carbonatites. The correlation
between composition of these minerals and types
of carbonatites is distinctly established. In befor-
sites the main niobium minerals are columbite
and cerium fergusonite, but in sovites — pyro-
chlore-hatchettolite. The latter is frequently en-
riched by Ta (up to 16 % Ta2O5) and U (up to
27 % UO2) [17]. It is interesting to pay attention
to the rather high contents (as an ore mineral) of
cerium fergusonite (second find of this mineral
in a nature). As is known, for natural fergusonite
is characteristic selectively yttrium composition
of REE.

The association of zirconium minerals in
different mineral types of carbonatites is charac-
teristic too. So, in calcitic varieties of carbon-
atites they are represented extremely by zircon,
while in dolomite-bearing ones (beforsites) bad-
deleyite (sometimes together with zircon) is more
often observed. In general the contents of zirco-
nium minerals in carbonatites is insignificant
(sometimes reaches 0.5 %). Zircon is inherent
for associated with carbonatites nepheline syen-
ites (canadites) and apofenitic albitites.

As characteristic rare-earth mineral of car-
bonatites (in particular beforsites) is practically
thoriumless (0.23 %) monazite. Other properly
rare-earth minerals of carbonatites, except mo-
nazite and mentioned above Ñå-fergusonite, are
orthite, burbankite, ancylite. Nevertheless these
minerals have subordinate significance. It is no-
ticeable an absence in these carbonates with the
rather high contents of REE of such minerals, as
bastnaesite, parisite, synchysite, etc. At that in
the carbonatites is absent fluorite, despite of the
rather high contents of fluorine in apatite (up to
3.2 % F), micas (up to 2.7 %) and amphiboles
(up to 1.4 %).

The significant part of REE is scattered in
apatite (0.7–1.5, sometimes up to 7 % REE2O3)
and rock-forming carbonates (up to 0.7 %
REE2O3 in calcite). In the latter a main mass of

T
ab

le
 1

. 
C

on
te

nt
s 

of
 o

re
 e

le
m

en
ts

 i
n 

ra
re

-m
et

al
 d

ep
os

it
s 

U
S
h,

 p
pm

ENDOGENIC DEPOSITS OF RARE METALS



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/328

Sr is concentrated (up to 5.8 % in calcite and up to 2.2 % in dolomite) [9].
Practical interest represent the crust of weathering of carbonatites, which concentrates

columbite and partly apatite. The thickness of weathering crust reaches 300 ì in separate
sites joined with fracture zones [26]. Besides carbonatites, ore rocks in the Chernigivka
complex can be also alkaline pyroxenites with ilmenite as well so-named apofenitic albitites.
The latter contain 0.15–0.37 Nb2O5 and to 0.7–1.0 % ZrO2 [9]. Ore minerals are represen-
ted by columbite, pyrochlore-hatchettolite and zircon.

Except mentioned above geochemical and mineralogical peculiarities, the Chernigivka
carbonatite complex has some another exotic features, which distinguish it from typical
carbonatites complexes of a so-named central type. Among them it is possible to distinguish
the following: elongated-linear form, biotite-albite nepheline syenites (canadites), high en-
riched in iron olivine in carbonatites (to Fa65), presence of Na-Ca-amphiboles of interme-
diate  composition of catophorite-hastingsite and catophorite-edenite series. These and
other features of Chernigivka carbonatites complex we explain by deep (up to 20 km) erosive
shear [4, 9].

Carbonatites and carbonate-like rocks are known also in other alkaline massifs of the
USh (Oktyabrsky, Mala Tersa, Pokrovo-Kyriyievo, Khlibodarivka) [9, 24] (Figure). But
they have mostly small thickness and are of no practical importance. But availability of such
carbonatites and diagnostics of rare-earth and niobium minerals in these rocks [9, 24] can
testify about perspective of the territory of the USh for prospecting of deposits of rare
elements and apatite similar to those in Chernigivka.

As especial rich in REE type of carbonatites some researchers [11] consider Petrovo-
Gnutovo  vein   (dike),   which consists of variable amount of calcite, fluorite and parisite.
V. I. Kuzmenko [10] considered this rock as hydrothermal formation connected with nepheline
syenite, which on this territory by today yet is not revealed. This parisite-calcite-fluorite vein
lie within the granosyenites of Kalmius massif, Peri-Azovian area (Figure). Its thickness was
0.3–2.9 m. During the Second World War this vein was practically completely withdrawn
and exported in Germany. The later prospecting in this region and its outskirts have not
given reliable results, though thin veins with fluorite and rare-earth fluorcarbonates were
revealed. However, in some publications [26] here the availability of vein of thickness up to
4 m and strike up to 6–250 (rarely to 600 m) and with the high contents of fluorcarbonates
have been mentioned. On mineralogical and geochemical features the ore of Petrovo-Gnu-
tovo is similar to rich in light lanthanides carbonatites of Mountain Pass (USA) and too
problematic concerning genesis rocks of the well known deposit Bayan Obo (China). Our
isotopic-geochemical studies testify to a deep-seated source of oxygen and carbon in calcite
from carbonate rocks of Petrovo-Gnutovo region.

Endogenic rare-metal deposits and occurrences in USh. The alkaline massif, rare-metal deposits and occurrences: 1 —
Chernigivka massif, 2 — Oktyabrsky massif, 3 — Mala Tersa massif, 4 — Pokrovo-Kyriyievo massif, 5 — Khlibodarivka
occurrence,   6 — Petrovo-Gnutovo occurrence, 7 — Kalmius massif, 8 — South-Kalchyk massif, 9 — Azov deposit,
10 — Perga deposit, 11 — Sushchany-Perga deposit, 12 —  Yastrubetsky deposit, 13 — Kruta Balka deposit, 14 —
Shevchenkovo deposit, 15 — Shpola-Tashlyk region, 16 — Stankuvatske and Nadiya deposit, 17 — Polokhivka deposit,
18 — Zhovta Richka deposit. Geological regions (blocks): I — North-Western, II — Dniester-Bug, III — Ros-Tikich,
IV — Ingul-Ingulets, V — Middle Dnieper, VI — Azov
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So, in despite of problems concerning genesis, belonging to definite geological complex
and prospecting of tracing of rich in parisite dikes of Petrovo-Gnutovo, it is possible to
consider, that the territory of the USh, in particular its Peri-Azovian block, is perspective on
revealing of rich in lanthanides ores of carbonatite type.

Oktyabrsky (Mazurova Balka) deposit of rare metals (Nb, Ta, Zr, REE, Y) is mainly
connected with mariupolites and albitized nepheline pegmatites (properly pegmatoide mar-
iupolites). Mariupolites of the Mazurova Balka region (the north-east part of the massif) lie
within basic rocks (gabbros, pyroxenites) as a gently pitching (from horizontal up to 30–35î)
platy bodies (four of them are found). The thickness of them change from 1 up to 79 m [26].
Rock-forming minerals of mariupolites are nepheline, albite, aegirine, and sometimes mi-
crocline. Main accessory minerals of rare metals are zircon, pyrochlore and britholite. The
contents of them, in particular zircon, can be changed in rather essential range. Sometimes
zircon becomes rock-forming mineral, reaching 2–5 %. But as to Nb and REE, mariupo-
lites are not rich ores (Table 1). At the same time there are two important factors, which can
make profitable exploitation of this deposit. First, mariupolites are combined rare-metal-
aluminium ores, for which the technological schemes are developed [2]. It have been estab-
lished, that together with production of 1 mill. t of alumina up to 1000 t Nb2O5 can be
withdrawn [19]. The second factor is that, because of the rather low contents of radioactive
elements pyrochlore concentrate (without its technical processing in Nb2O5) is immediately
to use as alloy component for production of steel [20].

Azov deposit is located in peripherical part of the large South-Kalchyk massif of syenites
and granosyenites (Eastern Peri-Azovian region) [21]. The ore-bearing syenites are a con-
stituent part of layered syenitic stock, the area of which is about 3.8 km2. The varieties of
amphibole syenites that form the Azov stock are differed by alkali feldspars (AFS) compo-
sition, association of mafic minerals, presence of quartz and size of rock-forming minerals.
Three types of syenites may be distinguished by the presence of one or two feldspars: a) two-
feldspars (alkali-calcic) syenites; b) one-feldspar with ferrohastingsite; c) one-feldspar with
annite (perthosites). AFS is the main salic mineral of all types (70–80 % of volume rock).
The plagioclase N 17–22 is presented in alkali-calcic syenites and so content of NaAlSiO3
in AFS is no more than 55 %. It one-feldspar syenites the albite fraction increases to 62 %
in melanocratic amphibole varieties and makes up 70–75 in leucocratic annite ones. It
should be noted that anorthoclase-microperthite composition from ore-bearing taxitic syen-
ites is typical for hypersolvus intrusions (61–62 % Ab). The mafic minerals are presented by
high ferrous species — fayalite, ferrohedenbergite, ferrohastingsite and annite. Amphibole is
the main mafic mineral. An alkalinity and ferruginosity of amphibole increases on later
stages of differentiation process (taxitic syenite). Rare-metal mineralization of the Azov
deposit is presented by zircon, britholite, orthite and bastnaesite. The rare-earth minerals
may be considered as specific ones for the Azov deposit.

According to the crystal morphology data, the content of trace elements and the num-
ber of solid inclusions, the size of crystal lattice two high temperature generations of zircon
crystals have been established. By studying of melt inclusions the crystallization tempera-
tures of two generations corresponded to 1250–1160 and 920–870 °C [12, 13].

In spite of the fact that indications of syngenetic growth of zircon and britholite crystals
exit, Zr- and REE-mineralizations are spatially separated (Table 2). Britholite of later ge-
neration has the higher content of yttrium and heavy lanthanides. The high content of
fluorite is a mineralogical specificity of all alkaline syenites of the Azov deposit. Its presence
does not depend on whether ore-bearing mineralization is in rock or not.

The wide spreading of high ferrous mafic minerals and hypersolvus composition of AFS
is a result of residual melt crystallization which have been enriched by alkalines, silica and
volatile components (H2, F, Cl, CO2). On the other hand the low oxidation degree of
amphibole and mica (Fe3+/(Fe3+ + Fe2+) < 0.15–0.20) indicates on negligibility of oxygen
fugacity.

The laminated character of zircon and britholite distribution appears in formation of
pseudomonomineral schlieren in taxitic syenite. Such texture may be a consequent of cu-
mulating process in cooling melt. A discovery of two ore-bearing horizons with rare-metal
mineralization can be regarded as confirmation of this speculation.

Yastrubetsky deposit is similar to Azov’s one. However there are known only rich in Zr
ores with rather low contents of REE there (Table 2). Nevertheless in syenites of this massif
the same minerals of REE are found as well as in the Azov deposit (britholite, orthite,
bastnaesite) [9]. It allows supposing a possible availability of rich REE ores in the Yastru-
betsky massif too. Besides here the niobium mineral — fergusonite is revealed [9].
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The Yastrubetsky massif represents a small (about
4 km2) differentiated syenite intrusion of rounded form.
In it there are distinguished chilled endocontact facies,
layered main series, upper group and so-named central
nucleus [9]. Rhythmic and cryptic layering are described
in details for this intrusion. In endocontact syenites a
plagioclase is present, but in the layered central part of
the massif the syenites are represented only by alka-
line-feldspar hypersolvus varieties. Dark-coloured mi-
nerals are very enriched in iron and their composition
changed directed and conjunctively with increase of
alkalinity in final differentiates: hedenbergite through
aegirine-hedenbergite to aegirine; ferrohastingsite
through subalkaline Ñà-Na-amphibole to riebeckite;
biotite to annite.

The rich in zirconium ores have been discovered
by drilling on depths from 500 up to 1000 m, where
several rich in zircon horizons of some meters thick-
ness were distinguished. Prospecting of rich ores on
smaller depths has not given positive outcomes for the
present. But here in separate sample was fixed to 0.8–
1.0 % ZrO2. In our evaluation [9], average or initial
contents of ZrO2 in trachyte melt, which from was
formed   layered syenite intrusion, was about 0.25–
0.30 % (in endocontact syenites), REE2O3 — 0.1, and
Y2O3 — 0.04. These concentrations generally are close
to similar data for syenite, contained the Azov deposit
(Table 1).

In accordance with model offered earlier by one
from the authors of this article [9], ore-bearing syeni-
tes, among which have been formed ore beds of depo-
sits of Azov and Yastrubetsky types, are derivatives from
basite magmas related to parental melts of anorthosite-
rapakivi-granite plutons. Properly these syenites repre-
sent syenitic differentiation trend of such basite mag-
mas if low oxygen fugacity by Fenner’s or close scheme
of crystal fractionation is applied. In that aspect the
South-Kalchyk massif, among syenites of which lies
the Azov deposit, is considered as essentially syenite
considerably eroded analogue of anorthosite-rapakivi-
granite pluton. Note, that the age of ore-bearings sy-
enites of Yastrubetsky and Azov deposits are practically
identical to that of rapakivi granites and basic rocks of
the Korosten and Korsun-Novomyrgorod plutons (Ta-
ble 3). It does not contradict a hypothesis about genet-
ic relation of these rocks. At that on southern border of
the latter pluton fayalite-hedenbergite syenites are re-
vealed (massif Velyka Vyska), which are essentially
enriched by Zr (mineral zircon) and REE (orthite, chev-
kinite). These syenites are similar to South-Kalchyk
and partly Azov ones.

Proceeding from these data, it is possible to con-
sider, that the territory of the USh is in general per-
spective for revealing of a new type of rich in Zr, REE
and Y ores, similar to those in Azov and Yastrubetsky
deposits. Most perspective are the squares of South-
Kalchyk massif, Korosten and Korsun-Novomyrgorod
plutons and their aureoles (as it takes place in Yastru-
betsky syenitic massif). The availability of such syeni-
tes with distinct specialization on Zr, REE and Y is
one of specific features of Precambrian metallogeny of
USh.T
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Deposits related to granites and metasomatite. The Perga deposit of beryllium is one
from the most well known among rare-metal objects within USh. Many publications are
devoted to this deposit and separate informations of them are generalized in monographic
works [14, 15]. As to genesis of this deposit, the most popular is a point of view about
connection of beryllium mineralization (mainly genthelvine, rarely phenakite) with diverse
metasomatites. Among the latter mostly widespread are essentially alkali-feldspathic rocks,
which have been named as quartz-feldspathic, quartz-biotite-feldspathic or alkaline metaso-
matites [14] and perthosites [15]. These rocks lie among so-named Perga’s granites, which
have been frequently considered as apogranites or hydrothermal-metasomatic formations.
Thereafter [26], beryllium alkaline metasomatites form series of ore zones with rich genthel-
vine mineralization up to 5 km long and 35–100 m wide. Each zone consists of series
shingling located ore bodies of thickness from first till 20–30 m. The ores are notable for
high quality (contents Be — 0.55 %) and good dressing. Therewith phenakite mineralization
(0.2 % ÂåÎ) is spatially separated from genthelvine one and is located in western endocon-
tact of the Perga granites within granite-porphyry and fine-grained granites. Phenakite mi-
neralization is of subordinate importance. In other work [15] the considerably lower con-
tents of beryllium (230–240 ððm) in these rocks (Table 1) have been sited.

Besides, it is distinguished several (up to seven) generations of genthelvine with the
different contents of danalite and helvine components, which occur in the most widespread
significally alkali-feldspathic rocks (alkaline metasomatites), as well in later albitites, ferri-
muscovite greisens and quartz veins [14]. It have been marked [15], that in perthosites later
albite corrodes genthelvine, causes it dissolution and redeposition in fissures. The main mass
of genthelvine is formed on initial (early) stage of albitization of perthosites, thereafter [15]
on some decrease of alkalinity of these rocks. At that this early albite substitutes for micro-
cline-perthite and develops between grains of the latter.

In association with genthelvine, there are in perthosites such accessory minerals, as
martite, cyrtolite, galenite, sphalerite, rarely cassiterite with micro-inclusions of columbite,
etc. As show data of Table 1, it is possible also to suppose an availability of accessory
niobates in perthosites.

Proceeding from above mentioned data and analysis of other publications of Perga
beryllium deposit as well as from outcomes of our investigation, it is possible to make some
conclusions concerning genesis of this deposit and its belonging to definite geological com-
plex which to certain degree differ from existing views. So, ore-bearing rocks lie within
granites, which, proceeding from all petrological, geochemical and mineralogical criterions,
belong to alkaline (aegirine, riebeckite) or subalkaline (alkali-feldspathic) varieties. Further-
more that is mainly granites of hypersolvus type. Therefore, the term, "apogranites" in
respect to Perga granites is possible to consider absolutely unsuccessful. In "Geological
dictionary" it is not recommended for the use. Certainly, Perga granites should not be
considered as hydrothermal-metasomatitic formations either [14]. It is typical alkaline or
subalkaline granites, which have acquired rare-metal specialization during a high degree of
differentiation. The evidences for that are high iron contents in dark-coloured minerals and
its alkalinity (high-Fe biotite, annite, aegirine, riebeckite), alkaline character of feldspars,
high concentration of incompatible rare elements (Nb, Zr, REE, Y, Sn) as against to low
contents of Sr and Âà [9]. The latter is caused by intensive feldspar fractionation. Certainly,
such rare-metal granites, enriched in volatile components (fluorine, water), have been sub-
jected by later autometasomatic alternations.

The term "perthosites" sounds also awkwardly if to consider these rocks as metasoma-
tites [15]. This term is applied in petrological literature only for magmatic alkaline syenites

Table 3. Isotopic age of rare-metal deposits of USh

*The oral message, L. M. Stepanyuk

Age, Ma
Deposit Ore specialization Rock K-Ar

(mica)
K-Ar

(amphibole)
Sm-Nd

(modeling)
U-Pb

(zircon)
Chernigivka Nb, TR, apatite Carbonatite 1800–1900 1900–2100 2400 2090
Oktyabrsky Zr, Nb Mariupolite 1500–1700 1700–1800 1795
Azov Zr, TR Ore syenite 1810
Yastrubetsky Zr     " " 1720
Perga Be Granite 1720
Kruta Balka Li, Rb, Cs Pegmatite 1980
Shevchenkovo Li " 2.4*
Shpola-Tashlyk
region

Li Petalitic
pegmatite

        2.0
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and at that for hypersolvus (high-temperature) type of them. Probably, the term "perthosite"
actually also maps a genetic nature a beryllium ore-bearing rocks of syenite-granosyenite
compositions. It is interesting to note as N. A. Bezpalko paid attention [15], rather high
agpaitic coefficient of these rocks (in some analyses [14] it reaches value to 1.06). Probably,
in perthosites there are alkaline dark-coloured or other still not diagnosed oversaturated by
alkalis minerals which cause such high alkalinity of these rocks.

At present it is impossible to give the unequivocal answer concerning petrogenesis of
perthosites. They can be interpreted as derivatives of Perga granites or more probable of
syenites. Intrusions of these rocks (Yastrubetsky massif, Hochin stock, etc.) are present in
this region. With syenites the above-mentioned Yastrubetsky deposit of zirconium is gene-
tically connected. At that in Yastrubetsky syenites the increased contents of beryllium is
regularly fixed (in aplitic varieties on the average 28 ððm [15]). As geological, and also the
partly geochronological data testify, syenites (as well as perthosites) may by a little later
rocks, than Perga granites. As is known, genthelvine belongs to minerals of sodalite group
and most often occurs in rocks of increased alkalinity.

Obviously during crystallization of genthelvine (as well as other minerals of sodalite
group) the fugacity of sulphur was rather low, this volatile element is included into compo-
sition of silicate (as an additional anion), but does not form sulphides (latter, if they are in
rock, will be crystallized a little later). Such conditions, as is known, are inherent for alka-
line (more often agpaitic) rocks.

Genthelvine was described in alkali-feldspathic granites and their pegmatites, and also
in contact-metasomatic rocks (skarns). It is necessary to pay attention that this mineral was
mentioned also in albitites of alkaline (agpaitic) massif Ilimaussaq, and in albite veins,
crossed alkaline and subalkaline (alkali-feldspathic) granites of plateau Jose (Nigeria). In
our view, very interesting is a similarity or identity of Perga and Nigeria granites.

So, Perga beryllium (genthelvine) deposit is spatially and, probable, generically con-
nected with alkaline and alkali-feldspathic granites (country rocks) and rocks of syenite-
granosyenite composition (known under the names perthosites or feldspathic metasoma-
tites).

Sushchany-Perga deposit of yttrium-fluorite ores have been traced from western boun-
dary of Yastrubetsky massif on a distance of 3 km in southwestern direction [5]. Country
rocks are Perga granites and biotite-feldspathic metasomatites. After data of the mentioned
authors, ore yttrium-fluorite bodies have layer- and lens-shaped forms, thickness from cen-
timeters up to 25 ì and extension up to 840 m. The contents of fluorite in ores reach 54,
average — 28 %. Fluorite forms nests and small veins in quartz-feldspathic mass.

Yttrium and the other REE predominantly of yttrium group are concentrated in fluo-
rite (to 0.55) and in zircon (to 3.23 %).

It is considered [5], that rare earth and fluorite mineralization is connected with pro-
cesses of greisenization of Perga granites.

Deposit Balka Kruta. Pegmatites of this deposit are located in metamorphic rocks of the
Soroky zona (Peri-Azovian region) of 1980 Ma [18]. The scope of lithium mineralization
corresponds to a middle level of deposits. On the upper horizons of pegmatitic field there are
the quartz-albite bodies with spodumene and beryl, whereas the barren bodies are disposed
deeply. Two types of pegmatites are established. The first one represents bed veins with a
well marked zonality: a) a block microcline and quartz (50 % of body volume); b) quartz-
albite-spodumene (30 % of body volume).

The second type is large lenses and platy bodies with "blows" and apophyses. Two zones
are prevailing: a) quartz-albite (up to 25 % of volume); b) quartz-albite-spodumene (up to
60 % of volume). The main ore mineral is spodumene, but beryl, tantalite-columbite, Li-
phosphates, cookeite, holmquistite have an industrial significance too. The Ta/Nb ratio is
variably changed (in tantalite > 1).

It is considered that pegmatites of the Kruta Balka deposit belong to albite and albite-
spodumene type [18]. Nevertheless, as the amount of an albite type is doubtful, as the
amount of a microcline achieves 30 %. Most likely, this is a microcline-albite-spodumene
type.

The Shevchenkovo deposit. The country rocks are represented by gneisses and slates of
the amphibolitic facies. According to correlation of AFS amount and lithium silicates five
types of bodies are distinguished. The industrial veins with albite-microcline-spodumene
composition contain spodumene and petalite in different proportions. The maximum con-
tent of each mineral can achieve 80 %. In petalitic bodies these arise "blows" of a thickness
up to 100 m. Whereas the veins thickness (without petalite) does not exceed 20–30 m. In
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albite, microcline-albite and microcline pegmatites the content of spodumene is changed
within wide range, achieving in its congestions 50–60 %. There is no regularity in distribu-
tion of main minerals in volume of pegmatite. The feature of industrial bodies is an absent
of free crystallization volume. In rich bodies the minerals which are typical to rare-metal
pegmatites (beryl, lepidolite, polychrome tourmaline) are not revealed. Nevertheless minor
amounts of chrysoberyl, gahnite, nigerite, sillimanite and hexagonal ferrocordierite (se-
canait) in salband are present there. The content of muscovite achieves 10–15 %, but the
concentration of Li2O is insignificant (< 0.2 %). A columbite and ilmenorutile predominate
among Ta-Nb-containing minerals. Spodumene creates highly specific pseudographic inter-
growth with quartz. Such aggregates are main industrial type of rare-metal ore. Petalite is a
subordinate mineral (as to compare with spodumene) but sometimes it forms significant a
congestion by size.

Pegmatites of Shpola-Tashlyk region. Between Shpola and Tashlyk rivers (Figure) two
pegmatite fields with industrial lithium mineralization have been discovered. The Nadiya
and Stankuvate deposits are located among amphibolites in the southern part of the region;
the Polokhivka deposit is in the eastern part of the region among gneisses with garnet and
cordierite.

The main ore-minerals for the southern deposits are spodumene and petalite. Their
ratio is considerably changed but spodumene predominates (spodumene and petalite up to
20–25 and 14 %, accordingly). The average content of Li2O achieves 2.2 (Stankuvate) and
1.06 % (Nadiya) and the concentration of Ta2O5 in average are 0.006 % [27]. The Polokhiv-
ka is essentially petalitic deposit (spodumene content smaller than 1, petalite up to 25 %).
Since the Li2O content in petalite only makes 4.7–4.9 the average content of Li2O in ore is
about 1.2 %. The petalitic ore forms the large "blows" by size of 90–130 m. The rich ores are
traced in depth more than 500 m.

The AFS is micro- or cryptoperthite in which potassium "phase" is represented by
orthoclase or mixture of orthoclase and microcline. The latter is observed in sites of musco-
vite development. The availability of orthoclase is a specific feature of this group of deposits.
As is known, in typical rare-metal pegmatites the orthoclase is absent. The rare alkalis are
concentrated in AFS (Rb2O up to 0.9 %) and in micas (Cs2O about 0.27 %). The Cs2O
content increases in biotite from exocontact of pegmatites body (up to 4.9 %) [6].

The pegmatite of this region is similar to ones of the Shevchenkovo deposit in sense of
their   "ubnormal"  mineral composition. For example, the quartz content does not exceed
15 %, but it is much less, than it is known for pegmatites of spodumene-microcline-albite
type (quartz > 25 %). The muscovite is seldom observed, but there is a sillimanite as an
ordinary mineral. In these pegmatites beryl, polychromic tourmaline, lepidolite are absent.
However, chrysoberyl, Al-Fe-spinel, garnet, sillimanite and Fe-cordierite (secanite) en-
riched by Al minerals are usually present there.

The ideas about genesis of these pegmatites are rather ambiguous and also contradicto-
ry. Suppose, that fine-grained petalite (the main ore of the Polokhivka deposit) is a result of
transformation early essentially spodumenic pegmatites in dynamo-metamorphic processes
[1]. Orthoclase availability and minor amount of water-bearing minerals [1, 25, 27] point to
that pegmatitic melt was poor of fugacity components. One can suppose that the peculia-
rities of these deposits may be dependent on their formation from dry melt.

Zhovta Richka scandium deposit. This deposit is located in northern part of Kryvyi Rig
basin. It is connected with carbonate-sodic metasomatites, which are developed in diopside
quartzites, actinolite slates and, probably, partly in dolomites of upper Kryvyi Rig suite. The
expansion of ore-bearing zone is about 100 m, and its thickness, obviously, does not exceed
first tens meters [23, 24].

Ore-bearing metasomatites consist of albite 6–15 %, aegirine 9–21, amphiboles (rie-
beckite, arfvedsonite, tremolite, actinolite) — 11–21, carbonates — 21–46, quartz — 6–26,
talc — 3–10 and apatites — 3–20 %.

The ores are characterized by increased contents of malacon (up to 1–2.0 %), which
forms separate accumulations. This deposit belongs to combined and from its ores can be
extracted besides Sc also V, U, REE, Y, Zr, Hf, P under the developed technological
scheme [23]. The contents of Sc and attendant components in ores makes, ððm: Sc — 50–
200; U — 50–60; REE2O3 — 400–1000, Y — 20–500; V2O5 — 1700–2700; Hf — 140–150
and P2O5 — 2.6–5.8 % [23]. Main useful components Sc and V is isomorphic sited in rock-
forming minerals: in aegirine 0.2–0.3 Sc2O3 and 1.0–7.6 % V2O5; in alkaline amphiboles
accordingly  — 0.10–0.20 and 0.40–2.4, and in apatite up to 0.2 % Sc (more often 0.02–
0.04) [23]. Own minerals of scandium are not revealed for the present.
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So, Zhovta Richka scandium deposit essentially differs from all mentioned above de-
posits of rare metals of the USh. The latter are always display distinct genetic connection
with magmatic rocks (carbonatites, nephelines and alkaline syenites, pegmatites), while for
Zhovta Richka deposit this connection remains problematic. This genetic problem is actual
and for albite deposits of uranium, which obviously are related to Zhovta Richka deposit. In
this short article it is impossible to give a comprehensive review of available hypothesizes
concerning genesis of these deposits, but it seems rather probable a conception about deep-
seated (mantle-derived) source for both uranium and above mentioned scandium deposits of
central part USh [23]. It is noticeable, that uranium deposits of the Kirovograd block ac-
company with a field of Proterozoic dikes of deep-seated rocks (subalkaline and alkaline
gabbroids, tholeites, syenites, kimberlites, lamproites). Obviously, it testifies to activation of
this region in Proterozoic, penetration of deep-seated material (magmas, fluids) in earth’s
crust, which became permeable owing to intensive rupture tectonics.

Geochronology of endogenic deposits of rare metals. In spite of very many data concer-
ning age of deposits of rare metals of USh, the time of formation of many from them
remains either unknown, or rather inexact. The point is not only in a deficit of "reference"
dating of these deposits, but also in the correspondence of age of processes both rock- and
mineral-formation, on the one part, and ore formation, on the other. In particular, if the
point is about dating deposits of zirconium and zircon from these deposits is analyzed by
uranium-leaden isochronous method, obviously, we can consider about the correspondence
of obtained data to time of formation of the deposit. Nevertheless it does not signify yet that
such postulate can be applied to other occurrences of zirconium in the same rock complex,
even in those cases, when mineralogical and geochemical characteristics of minerals con-
centrated rare elements will be agreed within themselves.

It is much more difficult to determine age of formation of deposits, where minerals
concentrated ore elements are not distinctly paragenous with mineral-geochronometers. In
that case it is possible to say only about a probable age of concrete process of ore formation.
And it is absolutely inadmissible to assert about real age of processes of ore formation to base
upon methods, which at most display only physical essence of radioactive transformations
(disintegration of parental isotopes and accumulation of affiliated ones, disregarding of
geochemical conditions of passing of such processes and further history of existence derived
by them parageneses). In such cases geological "sensations" appear, which are then refuted.
The discordance of geochronological data to geological events is especially exhibited, if use
the results of so-called "direct thermoemission method", which essence consists in a mea-
surement of ratio of only radiogenic lead isotopes disregarding contents of uranium. Even in
supermodern variant (ion-ionic mass-spectrometer such as "Shrimp") absence of control of
the uranium-lead system results occasionally in essential errors in determination of age
using only lead-isotopic-relations.

Thus, the geochronological data on their reliability can be divided into 4 groups: 1)
authentic (reference) dating (isochronous and concordant U-Pb, Sm-Nd, Rb-Sr); 2) pro-
bable isolated data (K-Ar, U-Pb, Rb-Sr, modelling Sm-Nd, Rå-Os); 3) conventional data,
which fix separate events, not enough substantiated geologically (lower intersection of dis-
cord line, separate data Pb-Pb of dating, etc.); 4) casual, any data of age, which have no
geological sense and substantiation.

Proceeding from these cautions, it is possible to consider authentic U-Pb dating of
carbonatites from the Chernigivka complex and related mineralization — 2090 Ma (Table
3). Data of Sm-Nd modelling dating of carbonatites are to consider as probable or low
boundary of age for these rocks, as they fix a separation moment (depletion) of protocarbon-
atitic substance from the mantle reservoir. It is possible to count K-Ar dating of micas and
amphiboles (about 20 determinations) are to consider as probable too and to take for an
upper boundary of formation of these rocks. As the reason of such "lag" of  K-Ar age from
U-Pb one may be the output of the rocks on an isotherm 400–500 °C (crystallization
condition of micas), or thermal influence of high-power alkaline processes, which happened
in East Peri-Azovian area 1.7–1.8 Ga. Using such probable dating, it is possible to offer the
following scheme of formation of the Chernigivka massif: 2.4–2.3 Ga — separation of
protocarbonatitic substance from mantle; 2.09 Ga — intrusion in crust; 1.8–1.7 Ga —
output of the massif on an isotherm ~ 400 °C (depth about 5 km).

As to the Azov and Oktyabrsky deposits (Table 3), the formation of their zirconium and
rare-earth ores had occurred during 1.79–1.81 Ga, simultaneously with formation of Okty-
abrsky and South-Kalchyk alkaline massifs. As evidence for this may be full analogy of
geochronological data of ore zircons from the Azov deposit (G. V. Artemenko’s, oral mes-
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sage) to those data of zircons from South-Kalchyk massif. Thus, it is possible to consider
these data authentic.

The same authentic are to consider data of age for Yastrubetsky massif and Perga
deposit of beryllium ores. Age of Sushchany-Perga deposit of yttrium-fluorite ores and
lithium pegmatites of Shpola-Tashlyk ore field remains indeterminate. Isolated convention-
al data show an age range 1.9–2.3 Ga, but there are no concrete, even probable data of age
for lithium mineralization in this region.

Recently  the  isochronous dating of this pegmatite 2.04 Ga was obtained by
L. M. Stepanyuk (oral message). That is practically the same as age of Kirovograd or
Novoukrainka complexes.

Conclusions. There are both well-known and new genetic types of rare-metal deposits
in USh. They are connected with complexes of alkaline rocks, carbonatites and granites
pegmatites.

The majority of these deposits have a number of specific mineralogical, geochemical
and petrological features, which distinguish them from deposits of traditional types. The
following are carbonatite deposit of Peri-Azovian area with Ñå-fergusonite; Mazurova Balka
(Oktyabrsky massif) deposit in mariupolites with zircon, pyrochlore, and britholite; number
of deposits (Nadiya, Stankuvate, Polokhivka) connected with granitic pegmatites with pet-
alite, orthoclase, etc. Besides in this region the unknown for other Precambrian shield
deposits of rich in Zr, REE and Y ores connected with nephelineless alkali-feldspathic
hypersolvus syenites (Yastrubetsky, Azov) are discovered.

On the contrary to majority Precambrian shields, where the rare-metal deposits of
Phanerozoic age predominate, within USh all known deposits of such type have Proterozoic
age (1.7–2.1 Ga). A cause of such passivity of USh in regard to Phanerozoic magmatism is
not elucidated.

The mentioned features of substance composition of rare-metal deposits and their
genetic connection with Proterozoic magmatism determine metallogenic specificity of the
USh.
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ÐÅÇÞÌÅ. Íà Óêðàèíñêîì ùèòå ïðàêòè÷åñêè âñå èçâåñòíûå ýíäîãåííûå ìåñòîðîæäåíèÿ ðåäêèõ ìåòàëëîâ (Zr,
Nb, Ta, REE, Sr, Li, Rb è ò. ä.) ãåíåòè÷åñêè ñâÿçàíû ñ êîìïëåêñàìè ïðîòåðîçîéñêèõ (1,7–2,1 ìëðä ëåò)
ùåëî÷íûõ ïîðîä, êàðáîíàòèòîâ è ãðàíèòíûõ ïåãìàòèòîâ. Õîòÿ áîëüøèíñòâî ýòèõ ìåñòîðîæäåíèé îòíîñÿò ê
èçâåñòíûì òðàäèöèîííûì òèïàì, òåì íå ìåíåå, ðÿä ñïåöèôè÷åñêèõ ìèíåðàëîãè÷åñêèõ, ãåîõèìè÷åñêèõ è
ïåòðîëîãè÷åñêèõ îñîáåííîñòåé ïîçâîëÿþò ðàññìàòðèâàòü èõ êàê óíèêàëüíûå. Âìåñòå ñ òåì â ýòîì ðåãèîíå
îòêðûòû ñîâåðøåííî íîâûå òèïû ìåñòîðîæäåíèé, íå èçâåñòíûõ â äðóãèõ äîêåìáðèéñêèõ ùèòàõ (ñèëüíî
îáîãàùåííûå Zr, REE è Y áåçíåôåëèíîâûå ñèåíèòû).

ÐÅÇÞÌÅ. Â Óêðà¿íñüêîìó ùèò³ ìàéæå âñ³ â³äîì³ åíäîãåíí³ ðîäîâèùà ð³äê³ñíèõ ìåòàë³â (Zr, Nb, Ta, REE, Sr,
Li, Rb òîùî) ãåíåòè÷íî ïîâ’ÿçàí³ ç êîìïëåêñàìè ïðîòåðîçîéñüêèõ (1,7–2,1 ìëðä ðîê³â) ëóæíèõ ïîð³ä,
êàðáîíàòèò³â òà ãðàí³òíèõ ïåãìàòèò³â. Õî÷à á³ëüø³ñòü öèõ ðîäîâèù â³äíîñÿòü äî â³äîìèõ òðàäèö³éíèõ òèï³â,
ïðîòå ðÿä ñïåöèô³÷íèõ ì³íåðàëîã³÷íèõ. ãåîõ³ì³÷íèõ òà ïåòðîëîã³÷íèõ îñîáëèâîñòåé äîçâîëÿº ðîçãëÿäàòè ¿õ ÿê
óí³êàëüí³. Ðàçîì ç òèì â öüîìó ðåã³îí³ â³äêðèòî çîâñ³ì íîâ³ òèïè ðîäîâèù, ÿê³ íå â³äîì³ â ³íøèõ äîêåìáð³éñüêèõ
ùèòàõ (ñèëüíî çáàãà÷åí³ Zr, REE òà Y áåçíåôåë³íîâ³ ñ³ºí³òè).
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Metallogeny of Noble Metals of the Ukrainian Shield

Generalized characteristics of gold-bearing and platinum-bearing formations of Precambrian of the Ukrainian Shield
have been considered. Characteristics of geological position of standard gold-ore objects and peculiarities of ore
localization processes in them is presented.

The history of search for the deposits of noble metals (and first of all, gold) in Ukraine is too
long and intricate [13, 19, 22]. The broad-scale and purposeful investigation of gold content
in the Precambrian formations of the Ukrainian Shield (USh) in the 60’s was accompanied
by the discovery of numerous sites and ore manifestations of gold-ore mineralization within
the greenstone structures (GSS) of the Middle Peri-Dnieper area and then in other regions
of the USh, and this has cardinally changed the traditional (for that time) estimates of the
Shield gold-bearing prospects [1, 17, 20, 23]. Study of platinum content was started much
later, and, as to its scales, it was incomparable with the works on gold explorations; but the
results [11, 12, 14] of even such fragmentary works evidenced for the perspectiveness of
investigations in this trend.

Thus, it would be stated that the level of development and study of the problems
concerning gold-bearing capacity of the USh is incomparably higher then those concerning
platinum. That is evidenced by the fact of preparations to further study and development of
a number of real industrial gold-ore objects, while the platinum-ore objects may be dis-
cussed only in the aspect of their potential prospects.

Creation of conditions for formation of the gold raw mineral base which is the material
basis of a new branch of economy — gold mining industry (being nontraditional for the
country) — is one of the most significant achievements of Ukrainian geologists.

Generalization of the great amount of geological and analytical data obtained in the
recent years was assumed as a basis for compiling a Map of gold bearing deposits in Ukraine
[15] and elucidated the results of numerous scientific investigations of various research
collectives [3–8, 10–12, 16, 20, etc.]. As a result it was established that the most significant
gold-bearing potential is inherent in the Precambrian complexes of the USh: for a short
period there were deposits as the Sergiivka, Balka Zolota, Balka Shiroka, Mayske, Klyntsi,
Yuriivske, Surozh, Kapitanivka; about 400 different-scale ore manifestations have been found
in practically all the regions of the USh. It would be noticed that these regions are essential-
ly distinguished by the age and character of petrogenetic processes, taking place within their
boundaries, and as a results, by different geological-structural conditions of localization of
industrial gold mineralization, which are regulated by the factors of mineral and chemical
composition of petrocomplexes, character and degree of metamorphism, nature and inten-
sity of dislocations and metasomatic processes.

Systematic investigations of potential platinum-bearing capacity of geological com-
plexes, carried out in the recent decade, not only allowed revealing new promising manifes-
tations of platinum group metals (PGM) mineralization but also defined some specific pecu-
liarities of distribution and localization of certain platinoids [11, 14, 18, 25, 26]. Numerous
manifestations of geochemical anomalies of platinum group elements have been distin-
guished against the general background of broad distribution of the superclark concentra-
tions of palladium in the Precambrian complexes of the USh; they differ essentially from the
background ones. The industrially significant deposits of PGM have not been discovered yet,
but the systematically increasing number of manifestations of PGM ore concentrations and
mineralization evidence for the prospects in this trend.

It would be noticed that the broad distribution of gold and platinoid mineralization
manifestations in the composition of various Precambrian complexes of the USh are reflec-
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ted in the rocks of the crust of weathering and sedimentary cover of the region [25].
As a result of considerable amounts of prospecting works in the USh territory it was

found out that high systematic gold contents are inherent in separate geological formations
within the boundaries of both basic consolidated blocks (Middle Peri-Dnieper, Kirovograd,
Volyn and Peri-Azovian blocks) and regional zones of tectono-magmatic activation within
their limits, and mobile zones (Kryvyi Rig, West Peri-Azovian, Golovanivsk, etc.) distribu-
ted in their framing (Figure).

The major kinds of potentially metal bearing petrocomplexes and ore-bearing struc-
tures have been determined within the limits of the corresponding metallogenic regions and
structure-metallogenic zones.

The Peri-Dnieper metallogenic area. The Archean granite-greenstone complex is typi-
cal of this area. It is composed by polyfacially metamorphized (from the green-schist to
epidote-amphibolite facies) series of volcanites and by basite-ultrabasite and tonalite-pla-
giogranite formations paragenetically related to them. The most complete sections of this
group formations, were investigated within the Verkhivtseve, Sura, Chortomlyk, Konka and
Bilozerske structures. Metallogenic "appearance" of these structures is similar to that of the
other greenstone regions of the world.

Endogenic gold mineralization in the Peri-Dnieper area is fixed in two most typical
formation conditions: 1. In the endo- and exocontact aureoles of the fields of rhyodacite-
plagiogranite volcano-plutonic associations, bordering on the fields with prevalence of me-
tabasites in association with metaultrabasites, or with metaandesites (formations of komati-
ite-toleite or dacite-toleite type).

The following deposits are the result of this formation condition: the Sergiivka, Balka
Zolota, and numerous ore manifestations of the Sura structure, the Vilni Khutory gold ore
manifestation in the Verkhivtseve structure, as well as a number of ore manifestations of the
Chortomlyk and Bilozerske greenstone structures.

2. Gold mineralization related to ferruginous quartzites of jaspillite-komatiite or ko-
matiite-toleite formations. Ferruginous quartzites of silicate-carbonate sulphide facies are
most promising as to gold content. Absence of such direct influence of rhyodacite-plagio-
granite volcano-plutonic association (which plays the role of heat energy source and fluid
systems generator), takes negative effect on the extent of natural enrichment of such objects
with ore components. As a result, there are no industrial metal concentrations and such

Position of endogenic ore occurrences and deposits of noble metals within main metallogenic regions and zones of the
USh. 1 — main structure-metallogenic zones (I — Krasnogirka-Zhitomyr, II — Khmelnik, III — Golovanivsk, IV —
Pervomaysk, V — Kirovograd, VI — Kryvyi Rig-Kremenchuk and West-Ingulets; VII — Orikhovo-Pavlograd; VIII —
Sorokyne); 2 — greenstone structures (V — Verkhivtseve, S — Sura; Ch — Chortomlyk, B — Bilozerka); 3 — plutons
of the Korosten complex (Ko — Korosten, KN — Korsun’-Novomyrgorod, EP — East Peri-Azovian); 4 — massives
and dikes of basite ultrabasite complexes; 5 — gold deposits and ore occurrences (symbol size corresponds to minera-
lization scale) (May — Mayske, Kl — Klyntsi, EYu — East Yuriivka, BZ — Balka Zolota, Srg — Sergiivka, BSh — Balka
Shiroka; Sur — Surozh); 6 — ore manifestations and mineralization points of platinoids (Pru — Prutivka sulphide Cu-
Ni deposit); Zhd — Zhdanivka sperrylite occurrence, Kap — Kapitanivka chromite deposit); 7 — Archean cratons
(ARP — Podolian; ARD — Dnieper); 8 — zones of regional faults
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objects may be treated as promising ore manifestations only.
The Balka Shiroka deposit in the east of the Chortomlyk greenstone structure and a lot

of ore manifestations within almost all greenstone structures of the Middle Peri-Dnieper
area can serve as the examples of deposits formed in such formation conditions.

Ore bodies in the Sergiivka deposit belong to two types — the vein and interveined-
impregnated types. Gold-pyrite, gold-pyrite-arsenopyrite gold-telluride sulphosalt mineral
association were formed at the productive stage of gold mineralization formation. Great ore-
enclosing role is displayed by amphibole-carbonate-quartz metasomatites as well as by meta-
somatites of listvenite-beresite formation. The Sergiivka deposit belongs to the formation of
gold-bearing mineralized zones characteristics of the greenstone belts of the ancient shields.

Geochemical anomalies of PGM in the section of the Peri-Dnieper Archean green-
stone structures are mainly determined by rhodium and platinum with concentrations up to
0.03–0.1 g/t, rarely by palladium. High contents of platinoids are fixed in the ore zones of
certain gold deposits: presence of rhodium and platinum are registered within the Sergiivka
deposit in concentrations of about 0.1 g/t; the anomalies are mainly composed by palladium
and platinum in the sections of the Balka Shiroka deposit. However, in rich Au-ores and
concentrates the ratio Au/PGM increases as a rule to 1000–3000 and above and this evi-
dences for certain autonomity of the process of gold and platinum ore accumulation [26].

Kirovograd metallogenic area. Central part of the Kirovograd metallogenic area in-
cludes two structure-metallogenic zones which contour the Korsun’-Novoukrainka anticli-
norium uplift on the east (Kirovograd zone) and on the west (Pervomaysk zone). The
attached synclinoria (the Ingul and Bratske ones) are composed by the rocks metamor-
phized in amphibolite facies and by metasomatically changed rocks of flyschoid formation
which are characterized by relatively high primary content of Au and W [17].

The Kirovograd (Adzhamka-Bobrynets) zone is distributed in the western part of the
Ingul synclinorium. The Klyntsi and East-Yuriivka gold ore deposits are controlled by the
Kirovograd fracture in exocontact of the Kirovograd-Bobrynets granite massif. On the south-
east it adjoins the uranium-ore deposit of albitite type. The crossing character of the zones
of the association mineralization with adularia and chlorite, with respect to uranium —
bearing albitites [2] which age does not exceed 1.8 Ga [2], decides the question of relative
age of the gold ore mineralization. The earliest gold is fine-dispersed, bound to löllingite
(which is substituted by arsenopyrite as a result of the increase of sulphur potential against a
background of temperature lowering), and this determines redistribution and enlargement of
native gold, while bismuth activity determines formation of maldonite. Late mineral associ-
ation is gold-sulphide (Fe, As, Bi, Cu, Zn, Pb) — quartz with native Bi and As.

Pervomaysk metallogenic zone coincides with Bratske synclinorium which contours on
the east the Novoukrainka granite massif and Korsun’-Novomyrgorod pluton of anorthosites-
rapakivi-granites.  The Nadlak-Khmelyove (in pluton exocontact) and Stankuvate-Lyp-
nyazhka (remote from pluton) gold ore fields ore distinguished within the zone limits. The
former is distributed on the wings of uranium ore deposits of albitite type and rare-metal
deposits of replaced pegmatites, the latter coincides with the homonymous field of such
pegmatites. The gold ore mineralization is superpimosed on rare-metal one [20] and silver-
bismuth-sulphosalt is a secant relative to uranium-bearing albitites of the Vatutine deposit [21].

Besides the potential gold content of flyschoids, enclosing for epigenetic mineraliza-
tion, the horizons of pyrite-graphite rocks and amphibolites are distinguished in the zone;
serpentinized olivine pyroxenites associate with them. Ore manifestations of gold — the
Mostove, Ovrazhne, Stankuvate, Kontactove ones, including numerous geochemical (up to
ore ones) anomalies of PGM (mainly platinum, more rarely palladium) with gold, as a rule,
are just confined to such horizons. These formations are considered [21] as a metamor-
phosed analogue of oceanic ore deposits of Au and PGM — graphite-pyrrhotine schists
associated with metabasites.

The polystage epigenetic mineralization of these ore manifestations with broad deve-
lopment of scheelite scarns is determined by formation of the Korsun’-Novoukrainka pluton
and (in contrast to Kirovorgad zone) is multimetal with a vast spectrum of arsenides, sul-
phides, sulphosalts and tellurides.

The stratified potentially gold-bearing Paleoproterozoic formations are most complete-
ly presented in the eastern part of the area (in the Kryvyi Rig-Kremenchuk metallogenic
zone) along the border between the orogen and the Dnieper Archean craton.

The  l o w e r   s t r a t i g r a p h i c   l e v e l   which corresponds to metaconglomerates
and quartzite-sandstones of the Skelevatian suite is characterized by sedimentary-diagenetic
concentration of gold (and uranium). Such metaterrigenous deposits are known within the

METALLOGENY OF NOBLE METALS



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/340

Verkhivtseve and Bilozerske greenstone structures as well as in the western part of the Peri-
Azovian metallogenic area [3]. Mean Au content is 200 mg/t under maximum one of 7 g/t
of Au and 90 g/t of Ag. Lenticular bodies of pyritized 0.1–0.5 m thick metaconglomerates
include grains of native gold 0.02–0.2 mm in size with fineness standard within 760–930.
The content of Au reaches 10 g/t in quartz veins crossing metaconglomerates and carrying
Au-Ag-Bi-Te-polymetallic mineralization [23].

The  m e d i u m   s t r a t i g r a p h i c   l e v e l  (the Saksagan suite) corresponds to
productive iron-ore (jaspillite-siliceous-schist) formation. Au content in ferruginous quartz-
ites is 0.17–0.20 g/t at an average [23].

The   u p p e r   l e v e l  (the Gdantsi suite) is presented by carbon schists with
maximum Au content 3.4 g/t at its rather stable content in carbonate schists enriched with
Mn. The reveal of gold ore mineralization with platinum and palladium in uranium-sul-
phide ore manifestation Chervonyi Shakhtar is rather symptomatic [21].

Golovanivsk SMZ is distributed in the western part of the Kirovograd metallogenic area
and looks as a tectonic wedge between the Pervomaysk and Odesa-Talnove faults and con-
sists of several subparallel bands of boudinage rocks. Proceeding from zone interpretation as
the suture one, can say that it is formed under the effect of essential lateral movements,
collisions and tectonic syntaxis of continental masses, which were separated before by the
oceanic lithosphere. The scaly-overthrusted structure of geological section on the east of the
Pervomaysk fault gives grounds to include the above considered Pervomaysk metallogenic
zone into the suture zone.

The most numerous and significant manifestations of gold-ore mineralization of the
Golovanivsk zone are concentrated within the Kapitanivka-Demovyar and Savransk ore
fields. In the former, complex noble-metal-chromite mineralization of this field resembles
the deposits related to alpine-type chromite-bearing ultrabasites, which are considered the
formations of oceanic lithosphere, tectonically transferred into the earth conditions [21].
The anomalies of platinum (to 0.2 g/t), platinum-rhodium are mainly connected with ba-
site-ultrabasite complexes of the Golovanivsk zone, those of rhuthenium — with chromite-
bearing hyperbasites. The latter occupy special position: the Kapitanivka deposit is their
typical representative. The exceptionally nonuniform distribution and contrast changes of
PGM associations are characteristic of this type mineralization: Ru-Ir(Os) associations (about
1–1.5 g/t in total) are mainly related to chromite ores, while platinum mineralization (with
palladium and rhodium, about 0.5–2 g/t and above in total) is localized in the zones traced
by mineralizations of sperrylite and sulphoassenides, i.e., spatial coincidence of two gene-
tically different mineral associations of PGM is observed [11, 18, 25].

The Savransk ore field includes the Mayske gold deposit [4, 6, 20] and a series of
perspective but just little-studied ore manifestations, the Savransk, Chemerpil, Polyanetske,
Kvitka, Glybochok and Bokshan ones being most interesting among them. All these objects,
distributed within the Synytsivka meridional zone of Early, Proterozoic tectonomagmatic
activation. In this zone broad development of leucogranulitic formation, contrast as to its
composition, is the formation condition favourable for mineralization localization. Spatial
position of ore-bearing zones is traced by magnetoactive horizon (metabasites, metaultra-
basites, ferruginous quartzites, calciphyres, graphite-bearing crystalline schists), which forms
the lower part of the formation section, and distinctly differs from the upper leucogneissic
part of the section which is a substrate of palynogenic potassium aplite-pegmatoid granites.
Ore deposits occur conformably or subconformably with the enclosing rocks. Under con-
stantly high medium contents of gold (4–7 g/t) "ore columns" with hurricane concentra-
tions of this metal are fixed in separate areas. Three basic mineral associations are observed
in ore bodies: 1) Pyrite II + sphalerite + galenite; 2) Pyrite III + chalcopyrite + native gold
and bismuth + carbonates + chlorite + anatase + bismuthine + ratite; 3) Native tellurium+
+ calaverite + altaite + joseite-tellurobismuthite + hessite.

The exceptionally nonuniform distribution of PGM in ore-enclosing section is a cha-
racteristic feature: local (with thickness 0.5–6 m in the core) platinum anomalies are regis-
tered on 5–6 (probably more) levels with platinum contents 0.2 g/t. Genetic position of
such enriched PGM of horizons is not found out yet, however the fact of their existence is of
great geologic significance. Firstly, they can be used as reliable marker horizons. On the
other hand, uniform spatial coexistence (but almost without overlapping) of gold-ore and
platinum-metal horizons in the sections permits assumming the synchronicity of formation
of primary noble-metal mineralization at these levels and, maybe, primary volcanogenic-
sedimentary mechanism of their accumulation. As it was in the Kapitanivka-Demovyar ore
field, numerous PGM anomalies are established in metabasites of gold-ore manifestations
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(Chemerpil, Bokshan, Polyanetske). Pt amounts make from 0.1 to 0.6 g/t, Rh + Ir — about
0.1–0.2 g/t.

Volyn metallogenic area. Numerous manifestations of this region gold-ore mineraliza-
tion are localized among migmatites and granites of the Zhitomyr complex and biotite-
amphibole gneisses of the Vasylivka suite in the Teteriv series, where gold manifestations are
connected with quatzitization zones and quartz-feldspar veins. Manifestations of sulphide
Cu-Ni mineralization are also known within the limits of this area. Noble metal mineraliza-
tion and anomalous Au and PGM inclusions are connected with them [11, 14, 18, 20].

Krasnogirka-Zhitomyr (Kamyanka-Buky) zone jointly with Perga ore node in its li-
mits, distributed in the west contour of the Korosten pluton, includes interbedded massives
and separate maphite-ultramaphite bodies (from North to South): the Kamyanka, Yuriivka,
Romanivka, Prutivka Godykha, Zaliznyakiv massives. Sulphide Co-Cu-Ni mineralization
(often with gold and PGM), absence of As being its geochemical peculiarity, is common for
them. Au inclusion in separate samples reaches first g/t, even about 12 g/t [11, 14].

Ore inclusions of PGM (0.35–4.8 g/t of platinum both in ore sulphide and low-sul-
phide zones) have been fixed [14] in the interbedded gabbroides of the Prutivka massif with
manifestations of sulphide copper-nickel mineralization. Platinum and palladium are in-
cluded in sulphides (pyrrhotine, chalcopyrite, pentlandite and haraelahite), tellurides, native
bismuth and intermetallides. The overwhelming localization of platinoids in the zones en-
riched by mobile compounds of Cl, F, OH is mainly marked in association with pegmatoid
varieties of gabbroids.

The Perga knot noble-metal mineralization (electrum, native silver) peculiarity is its
character, superimposed on rare-metal metasomatites which Pb-U age is about 1.1 Ga. The
nature of high anomalous Au background (0.01–0.1 g/t) in rare-metal granites and sienites, in
which gold content reaches first g/t is not still revealed. As to PGM, the Pd (about 0.8 g/t),
rarely Pt anomalies are characteristic of metasomatites.

The Khmilnyk zone, traced by the homonymous fault along the border with the Podillya
Archean craton, seems the southern continuation of the previous zone, shifted south-west-
wards along the Teteriv fault. Side by side with manifestations of epigenetic sulphide Cu
mineralization (the Kalynivka, Voronovytsya manifestations) in metasomatically changed
basites and ultrabasites (Cu 0.6 % per 5 m), small pyroxenite-dunite intrusions (?) with poor
Co-Cu-Ni mineralization (pyrite, pyrrhotine, chalcopyrite, pentlandite, violarite) are know
here, which are confined to chromite-bearing and nickel-bearing mafite-ultramafite com-
plexes [21] as to their chemical composition. The Zhdaniv manifestation of PGM minera-
lization in association with native copper, silver and gold has been revealed recently in the
zone; platinum mineral is represented by sperrhylite [18].

The Peri-Azovian metallogenic area. This area, (and especially in its western part) is
characterized by numerous manifestations of gold-ore mineralization, which quantity con-
tinues growing [5]. The objects confined to Sorokyne zone, including the Surozh gold
deposit [5] are most studied now. Ore-enclosing rocks are presented by heterogeneous for-
mations which include ferruginous quartzites, amphibolites and ultrabasites. The earliest
gold-ore association is connected with stratiform bodies of sulphide facies BIF; in case of
their brecciation and boudinage the mineralization assumes the stockwork character, gold-
bearing quartz veinlets cross BIF rocks [21]. In contrast to early finely scattered gold in
martitized magnetite of quartzites in which Au inclusion varies within 0.1–0.3 g/t; in the
vein quartz size of gold grains varies from 0.03 to 0.5 mm, rarely about 1–1.4 mm, while
native gold is accompanied by Fe and As sulphides. Gold content in the ore bodies makes up
4–26 g/t. It is established [5], that gold mineralization is genetically related to fluid-gene-
rating effect of magmatic bodies of rhyodacite — plagiogranite volcano-plutonic association,
as it is in the Middle Peri-Dnieper area. The apical part of anticlinal fold, provoked by the
intrusion of subvolcanic and hypabyssal bodies, is observed just in the Surozh deposit; the
northern wing of the fold is complicated by the system of disoriented disjunctive disloca-
tions. It is this zone, where one can observe the extension of quartz-pyrrhotine breccias and
the display of ore-mineral associations of productive polysulphide stage.

Geochemical anomalies of platinoids in basite-ultrabasite complexes of the West Peri-
Azovian area, Orikhove-Pavlograd and Zvenygorodka-Annivka SMZ is analogous to those
displayed in ore-manifestations of the Golovanivsk zone.

As it was shown above, gold deposits in GSS of the Middle Peri-Dnieper area (the
Sergiivka and Balka Shiroka) were formed in different structure-formation conditions. The
ore process fluid conditions is also rather specific; a complicated character of its evolution
differs essentially from the fluid conditions of formation of gold mineralization in other
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gold-ore regions of the USh, and especially from formation conditions of the Phanerozoic
deposits of the medium level of depth. Two sharply differing stages are distinguished in the
fluid system evolution in the gold-ore deposits of the Middle Peri-Dnieper area:

1) At the stage which preceded formation of acid volcano-plutonic associations, the
initial metamorphogenic fluid which existed in physicochemical parameters of greenstone
facies, was phase-homogeneous and had essential density mainly at the expence of alkali
metals (Na+, K+), hydrosilicate-ion, hydrocarbonate-ion, carbonate-ion and many other
metal-bearing complexes in which chlorine possessed the ligand functions.

2) Formation of the fields of rhyodacite-plagiogranite volcano-plutonic association has
determined reorientation of the stress fields and formation of fissured zones with radial and
tangent types of their orientation in the nearest exocontacts. The arising of these zones
resulted in a sharp increase of "operation" volume of hydrothermally-metamorphogenic
system and, above all in the explosion-like processes of multiphase fluid heterogenization
into carbon dioxide-water-salt solution, liquid carbon dioxide and crystalline salt phase
(mainly NaCl), considerable (260–200 MPa) fluid pressure and high (550–350 °C) tempe-
rature. This stage was especially intensive in the Sergiivka deposit industrial concentrations
of molybdenum being formed as a result.

Further drop of temperature (from 350 to 250–200 °C) and pressure resulted in the
appearance of the two-phase system: water-salt weak-concentration solution + liquid car-
bon dioxide. Just such phase and quality state of the fluid system, which existed within the
limits of the above temperatures of low (75–40 MPa) pressure, determined maximum gold
sedimentation and characterized productive stage of ore process. The final stage of the
process with relatively stabilized physico-chemical conditions more resembles the corre-
sponding stage of ore process of standard the Phanerozoic gold-ore deposit. Thus the depo-
sits related to tonalite-greenstone CFK, as a result of predominance of manifestation of one
or another stage of fluid system evolution, can be complex gold-molybdenum (the Sergiivka
deposit) or gold-polymetallic (the Balka Shiroka deposit) ones.

In the ore field of the Mayske gold-ore deposit the circumore metasomatosis began
from chlorization and carbonization which were followed by the processes of plagioclase
deanorthization, hydromicazation and zeolitization of ore-enclosing rocks, and at the final
stage there were formed chlorite, pyrite-calcite and fluorite-quartz veinlets.

The structural control of mineralization is of double significance. At the first stage of
ore process the formation of the concordant ore-bearing and deposits was controlled by
deformations which, as a result of high temperatures and pressure, were of essentially plastic
character and were zones of viscous flow of substance with formation of pseudotachylites.
Development of quartz-oligoclase metasomatosis which was further inherited by ore process
was controlled by such zones of plastic deformations. The latter permits the Mayske deposit
to be related to new [6] formation of biotite-quartz-oligoclase metasomatites. At the second
stage, under conditions of relatively cooled state of the substance, tectonic stresses resulted
in development of mainly brittle deformations of orthogonal system, represented in modern
structures of the deposit by the transverse faults and sublatitudinal hinge uplift-shifts. Just
these brittle strains played the main part in formation of ore columns at the expense of
remobilization of gold from primary ore deposits [6].

Fluid conditions of the first stage were characterized by the high stage of thermoregu-
lation (1.0–2.5° per MPa). The considerable part of RT-vector was in the zone of two-phase
equilibrium of the system H2O — CO2 with 40–41 % inclusion of CO2. The ore process was
realized under conditions of relative deficit of free space. The development of brittle strains
favoured essential increment of ore-generating system volume which resulted in the mass
heterogenization of the fluid and intensification of gold deposition [6].

Thus, gold mineralization, related to charnokite-granulite rock complexes, belongs to
the group of hyperbasic deposits of high extent thermoregulation with water-carbon dioxide
composition of fluids. They are characterized by insignificant-intensity circumore metaso-
matosis, mainly impregnated kind of ores, relatively low background content of gold in ore
bodies and formation of ore columns with the hurricane gold contents.

Restoration of fluid conditions evolution for the mentioned deposits for comparison
with gold-ore objects of the Peri-Dnieper area is still impossible. Data available permit
confining to the assumption that the ore process in the Kirovograd zone occurred against the
background of heterogenization of homogeneous carbon-dioxide water-salt fluid of the sys-
tem of rare water-salt and gas-like carbon-dioxide phases.

Summarizing all the above said about gold mineralization of the USh it would be
noticed that only gold deposits of the Middle Peri-Dnieper granite-greenstone areas have
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their geological-industrial analogues, while gold-ore objects of other metallogenic areas and
zones of the USh, as we know, have not such analogues among the gold-ore deposits of
other shields. At the same time high extensive parameters of gold mineralization of nontra-
ditional type and encouraging data recently obtained on concrete objects allow us to hope
that in the future it will be possible to distinguish new — Ukrainian — geological-industrial
types of gold-ore deposits.

Conclusions. Proceeding from generalized characteristic of the most studied gold-ore
deposits it is real to orientate to the objects of small and medium scale with ores poor and
ordinary as to their content. At the same time the examples of the most rich gold-ore
deposits with large reserves evidence for the long-term prehistory of ore concentrations
formation with a lot of stages and great role of regeneration processes. The latter features
characterize the USh structures development. Geochemical cycle of gold (and platinoids) in
the USh Precambrian embraces the age range of above 2 Ga.

The successive inheritedness of geochemical peculiarities, inherent in these different
productive petrocomplexes, have been established in metallogenic areas and zones.

The potential of platinum amount in the region at the present level of its study is
determined by broad distribution and high level of the background and ore PGM concentra-
tions in different-age basite-ultrabasite and high-carbon (graphite-bearing) complexes. The
absence or low content of sulphides under considerable thickness (the first meters) of poten-
tially productive intervals is characteristic of the majority of the latter except for manifesta-
tions of sulphide Cu-Ni mineralization.

When highly appreciating the prospects of further search for endogenous deposits of
noble metals within the USh, one would mention their exogenic manifestations. Besides the
significance of the latter as direct indicators of endogenic mineralization, some of them are
more accessible for development and profitable now as compared with ores of primary
deposits. First of all this concerns the noble-metal manifestations connected with the crust
of weathering. An analysis of metallogenic zonality of greenstone structures evidenced for
the spatial nearness, and sometimes even for structural combination of these objects with
metamorphogenically-hydrothermal gold-ore ones.

An anomalous gold content of the USh Precambrian complexes is also represented by
platinum and separate PGM distribution in the rocks of its sedimentary cover. Platinum
concentrations (about 0.12 g/t under variations of Au/Pt ratio from above 100 to 0.1) prevail
both in the terrace placers and far transport placers jointly with fine and superfine gold.

Ir and Pd are found much more rarely. The elluvial placers with Pt and Pd are revealed
in the periphery of the Korsun’-Novomyrgorod pluton, while Pt and Pt-Ir associations — in
separate ilmenite placers of the Irsha placer region. The prevalence of iridium in association
with gold is observed in quaternary deposits of separate river valleys. Study of the mineral
forms of platinoid findings in placers is just started, however the high level of their concen-
tration in heavy fractions evidences for availability of mineral phases namely. The banded
character of platinoids distribution in the deposits of the USh sedimentary cover reflects the
specificity of composition of endogenic PGM manifestations in the erosion areas and is a
certain evidence of their variability.
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ÐÅÇÞÌÅ. Ðàññìîòðåíû îáîùåííûå õàðàêòåðèñòèêè çîëîòî- è ïëàòèíîíîñíûõ ãåîëîãè÷åñêèõ ôîðìàöèé
äîêåìáðèÿ Óêðàèíñêîãî ùèòà. Ïðèâåäåíû õàðàêòåðèñòèêà ãåîëîãè÷åñêoé ïîçèöèè òèïè÷íûõ çîëîòîðóäíûõ
îáúåêòîâ è îñîáåííîñòè ïðîöåññîâ ðóäîëîêàëèçàöèè â íèõ.

ÐÅÇÞÌÅ. Ðîçãëÿíóòî óçàãàëüíåí³ õàðàêòåðèñòèêè çîëîòî- ³ ïëàòèíîíîñíèõ ãåîëîã³÷íèõ ôîðìàö³é äîêåìáð³þ
Óêðà¿íñüêîãî ùèòà. Íàâîäÿòüñÿ õàðàêòåðèñòèêà ãåîëîã³÷íî¿ ïîçèö³¿ òèïîâèõ çîëîòîðóäíèõ îá’ºêò³â ³ îñîáëèâîñòåé
ïðîöåñ³â ðóäîëîêàë³çàö³¿ â íèõ.
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Deposits and Occurrences of Non-Ferrous Metals within
the Ukrainian Shield and Its Slopes

The main geologic-economic types of non-ferrous metals (Al, Ni, Co, Cu, Ti, Mo, Sn, W, Pb, Zn) deposits of the
Ukrainian Shield and its slopes have been reviewed. Brief characteristics of the main economically important and
promising deposits and occurrences has been given and their value for creation and expanding of mineral raw materials
reserves of non-ferrous metals in Ukraine has been discussed.

Non-ferrous metals as to their consumption level are considered with confidence to be the
second in the world after ferrous metals. The following metals are classified nowadays as
non-ferrous: aluminum, copper, zinc, lead, tin, magnesium, titanium, nickel, cobalt, mo-
lybdenum, tungsten.

Non-ferrous metallurgy of the Ukraine is characterized by a variety of productions,
technological schemes and processes. It is represented by 30 enterprises with different forms
of property where the most assorted products made of non-ferrous metals and their alloys
can be produced. Unfortunately practically all of these enterprises except those which are
processing titanium and nickel (silicate) ores either use imported raw materials or are pro-
cessing secondary raw materials (these are copper, partly nickel, aluminum, tin, cobalt,
molybdenum, tungsten, etc.).

In accordance with the State Program "Non-ferrous metallurgy in the Ukraine for the
period up to 2010" general consumption of non-ferrous metals by the industry of our coun-
try is expected to be up to 700 thou t in 2005. Forecasted consumption of some non-ferrous
metal raw materials in the Ukraine is given in Table 1.

Mineral raw materials, concentrates and ferroalloys are brought from Russia, Kazakh-
stan, Guinea, Brazil, Australia, Jamaica and other countries while Ukraine has got its own
mineral resources for production of non-ferrous metals.

Different rank deposits are located within the area of the Ukrainian Shield (USh)
which are examined unevenly as well as occurrences of the most important non-ferrous
metals (titanium, nickel and cobalt, aluminum, molybdenum, tin, et al.). For the best
studied objects formational and industrial types of mineralization have been determined
(Table 2) [3, 8].

Aluminum. The main raw materials for aluminum production all over the world are
bauxites with aluminum oxide content 48–60 %. Total world reserves of bauxites are valued
as 75 mlrd t. Over 90 % of these reserves are located in 18 countries with tropical climate:
Guinea, Australia, Brazil, Guyana, Jamaica, India, etc.

One of the biggest aluminum oxide plants in Europe is Mykolayiv plant in Ukraine
which completely works with raw material of high quality. Its project capacity is 1 mill. t of
aluminum oxide. Besides, aluminum combinat (Zaporizhia) produces 105–115 thou t of
primary aluminum per year. Combinat uses aluminum oxide of its own production. Alumi-
num oxide production now is equal 1200–1400 thou t and by 2010 its increase is expected
up to 1600 thou t with 80 % exported to Russia. Though such products as roll and cold-
rolled aluminum is imported in an amount of 50 % (20–30 thou t) of its own production for
sum of 50–60 mlrd doll. per year.

Presently no deposits of high quality bauxites for their processing at Ukrainian enter-
prises by existing technologies have been revealed. At the same time there are "non-tradi-
tional" kinds of raw materials within the limits of the USh which can be considered as the
promising raw material reserve for aluminum. These are ferruginous bauxites of the Middle
Peri-Dnieper  and nepheline ores of Peri-Azovian.

The main part of bauxite deposits and occurrences is lateritic (eluvial) by its origin and
is related to crusts of weathering of basic rocks. These are the Vysoke Pole deposit and a set
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of occurrences (the South-Nikopol’, the Devladiv, the Domotkan, et al.) of the Middle
Peri-Dniester, the Smila deposit as well as the Lybidyn et al. occurrences of Korsun-No-
vomyrgorod region, the Volodarsk-Volynsky occurrence of Korosten region, etc. [6]. Ores of
all the objects belong to the same type by their origin and quality. The best studied and the
most promising for industrial mastering the Vysoke Pole deposit is being characterized
below.

The Vysoke Pole deposit of ferruginous bauxite is situated in the southern part of Dniepro-
petrovsk district (the southern slope of the USh). Bauxite is confined to the upper horizon
of the zoned profile of the crust of weathering of amphibolites, chlorite schists and serpen-
tinites. They form a set of deposits which location and preservation are determined to great
extent by the character of the crust of weathering surface.

Morphostructurally bauxites are confined to the most disjointed part of the ridge-like
uplift. They overlap planiformly uplifted areas of the ancient relief and are as a rule absent
in depressions. The shape of bauxite deposits is very complicated. Their length ranges from
0.5 to 3.0 km, and width is first hundreds meters. The thickness of ore horizons is from 0.5
to 7.0 m, average 1.4. The main ore deposit lays horizontally and is inclined by 3–5° only at
the periphery. The depth of the deposit is 80–100 m from the surface.

The main texture varieties of bauxite: 1) bauxite with relic texture of parent rocks are
characterized by high porosity, small volume weight and high quality; 2) bauxite with pseu-
do-breccia texture: their special feature is presence of numerous relics of bauxite embedded
in disperse ferruginous aluminiferous mass of kaolinite-gibbsite composition; 3) bauxites
with transitional textures from pseudo-breccia ones to pisolitic, gibbsite concretions are
proper for these bauxites; 4) bauxite with pisolitic texture are the most abundant in the
deposit. The number of pisolites is 25–40 % of the rock. Pisolites have got increased amount
of iron and aluminum; 5) bauxite with "pipe-like" textures are also widely represented in the
ores of the deposit. These textures are determined by the presence of numerous inclusions of
ochre-yellow and white halloysite of worm-like shape (1–5  0.3–0.5 cm), oriented verti-
cally.

Varieties 1–5 are referred to rocky bauxite and are the main components of ores. Much
lesser part of ore are loose and argillaceous types of bauxite.

Average mineral  composition of bauxite is, %: gibbsite — 43, boehmite — 4, kaolini-
te — 18, hydrogoethite, hydrohematite, goethite — 31; ilmenite — 2, quartz — 1.

Average chemical composition of bauxite, %: SiO2 — 8.55, Al2O3 — 38.5, Fe2O3 —
28.97. As constant admixtures little amounts of TiO2, CaO, MgO, CO2 are present.

Balance reserves of bauxite are determined by the State balance as 18.9 mill. t for eco-
nomic categories of ores. Total reserves of bauxites of the deposit are valued as 72 mill. t.

In 1988–1992 it was proved by the Dniepropetrovsk Institute of Metallurgy, Geologi-
cal Enterprize "Pivdenukrgeologiya" and Vsesoyuzny Institute Mineralnogo Syrya (VIMS)
with three laboratory samples of ores from the deposit that it is possible to produce ferrosil-
icon of the make FS-20, 25 and alumina bearing slags, suitable for production of alumina by
sodium leaching. In addition, due to investigations of UkrDIMR possibility of microbiolog-
ical destruction and silica leaching from bauxites with simultaneous increase of alumina
content has been found out. Before final determination of economic importance of the
Vysoke Pole deposit it is necessary to compile special technical-economic justification with
a review of all the variants of the use of alumina bearing raw materials. It is also necessary to
study bauxite ores technology using a pilot sample. Potential interior reserves of aluminum
raw materials in addition to bauxites may be connected with nepheline ores of Peri-Azovian
(Donetsk district).

Table 1. Forecasted demand of non-ferrous metals in Ukraine, t

Items of non-ferrous metals and their Consumption Forecast of demand per years
products 1992 1998 2005 2010

Aluminum products 526837 297880 429450 874700
Copper products 172580 64097 159250 171500
Zinc 66266 12131 62600 66000
Lead 6100 7219 12000 14000
Tin 1981 593 700 800
Magnesium 13925 934 6700 13600
Titanium (spongy, roll and cast) 6637 760 4170 6100
Nickel 15975 2144 5900 6600
Cobalt 475 140 142 143
Molybdenum 264 116 135 145
Tungsten 669 402 460 480
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Nepheline ores are connected with
syenites of the Oktyabrsky massif of al-
kaline rocks, which can be used while
mining the Mazuriv rare-metal deposit
by  mining   enterprise   with capacity
1.5 mill. t of ore. In addition to scarce
tantalum, niobium, zirconium it is pos-
sible to produce almost 500 thou t of
nepheline concentrate per year. But ex-
pediency of processing of nepheline ores
and concentrates has to be proved from
economical point of view taking into
account high energetic capacity of pro-
cessing and high cost of energy carriers.

Nickel, cobalt. In Ukraine as well
as in the most part of the countries there
are no individual cobalt deposits. It is a
component of nickel ores and products
of their processing. Accordingly we give
characteristics of cobalt-nickel ores.

Nickel is the main metal used for
production of high quality steels, so its
mining is an urgent necessity for coun-
tries with developed metallurgy. Nickel
mining and its consumption in the world
is about 900–1000 thou t per year; above
90 % of produced nickel is used by 10
the most industrially developed countries.
Prices for metallic nickel ranged during
the last decade from 7 to 9 thou dollars
per ton. According to the Program of
development of non-ferrous metallurgy
a year demand of Ukraine in nickel will
be   in  2005 6.0 thou t and in 2010 —
6.6 thou t.

The bases of nickel raw materials in
Ukraine are silicate nickel ores, connec-
ted with planiform crusts of weathering
of hyperbasite massifs. They form two
mining districts: the Devladovo in the
Middle Peri-Dniester and the Peri-Bug
in Kirovograd district. Approved econo-
mic reserves of nickel were accordingly
122.5 and 150.2 thou t with average con-
tent of the metal in dry ores 0.9 %.

Nickel deposits in Middle Peri-
Dnieper (the Devladov, the Nove, the
Ternivka, and the Chervonyi Yar) have
not been mined because of their loca-
tion under the valuable chernozems and
presence of buildings in the area. On the
base of Peri-Bug deposits (the De-
renyukha, the Lypovenky, the Kapitaniv-
ka, the Tarnovate, the Pushkiv, the
Grushkiv) the Pobug Nickel Plant has
been working since 1972 with project
capacity of ore processing 1.5 mill. t,
nickel production — 9.3 thou t (in fer-
ronickel). But practically PNP produced
up to 1994 4.9 thou t of nickel (ave-rage),
in  1995  it   produced  3.8  thou t, in

E
nd

 o
f 
T
ab

le
 2

DEPOSITS AND OCCURRENSES OF NON-FERROUS METALS



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/350

1996 — only 744 t and has stopped working since 1997 because high prices for electricity.
Now the plant gradually restores its production. Residual reserves of silicate nickel ores for
normal operation of PNP are sufficient only for 9–10 years. That is why a search for silicate
nickel deposits will be continued.

Over 20 massifs of hyperbasite rocks with developed nickel-bearing crusts of weathering
have been found since 1988 which produce 4 ore zones: Derenyukha-Lypovenky, Lashchiv-
Suhy, Tashlyk, Tarnovatka-Svyrna and Moldova.

Since 1994 SRGP "Pivnichgeologiya" has been exploring silicate nickel deposits within
four areas: the West-Lashchiv, the North and East Lypovenky and the Svyrna. Exploration
drilling is being completed now on the West-Lashchiv area.

Geological structure and material composition of silicate nickel deposits of the Middle
Bug area is given using as an example the West-Lashchiv area, taking into account that they
are all identical.

The West-Lashchiv deposit of silicate nickel ores is situated in the Pershotravnevy region
of the Mykolayiv district, 14 km to the southeast of Pobug Nickel Plant. The area of the
deposit is 0.3 km2 (1000  300 m).

Nickel ores of the area are connected with the planiform crust of hyperbasite weathe-
ring (mainly serpentinites) with stratiform horizontal bedding. The crust of weathering of
nontronite  profile  is   subdivided   into  a  set  of  zones (from top to bottom): 1) ochres;
2) ochreous  nontronites; 3) nontronites and hydrochlorite-nontronites; 4) hydrochlorites;
5) nontronized serpentinites; 6) leached serpentinites; 7) carbonatized serpentinites.

The average thickness of the crust of weathering is 20.0 m (from 7.0 to 37.0 m).
Productive strata is overlayed by a complex of sandy-clayish sedimentary rocks of the

Neogenic and the Quarternary age with a total thickness from 7 to 65 m (average 30.0).
As mineral components iron hydroxides (hydrogoethite) — 30–35 %, chromium mag-

netite and chromium picotite — 22–25, serpentine — 15–17, hydrochlorite — 10–12, clay
minerals (montmorillonite and halloysite groups) — 10–12 % are present. The main nickel-
bearing  minerals are hydrochlorites and iron hydroxides. It has been found out that about
55 % of nickel is related to hydrochlorites; 20 % — with iron hydroxides, 10 — with clay
minerals, 5 — with each of chromium magnetite, serpentinite and hydromicas.

Useful components of Pobug silicate ores are: nickel, cobalt, gold. Nickel content in
ores of the West-Lashchiv deposit ranges from 0.3–0.5 to 2.0–2.5 %; cobalt content ranges
from 0.02 to 0.04 %. Ores of some deposits contain gold — up to 0.5 g/t. Silicate nickel ores
after previous charging are directly subject to metallurgical redivision.

Therefore, after final exploration of the West-Lashchiv area nickel reserves of econo-
mic categories are expected as 25–30 thou t and within four areas as 50–60 thou t that will
provide stabile work of the PNP additionally for 10 years.

Another geologic-economic type of nickel ores is represented by sulphide mineraliza-
tion occurrences with such useful accessory components as copper, cobalt, gold, silver,
platinum and palladium. Among them the most promising is the Prutiv occurrence.

The Prutiv occurrence is situated in Zhitomyr district, 40 km west of the city of Zhito-
myr, within the limits of the Krasnogorsk-Zhitomyr tectono-metallogenic zone.

The occurrence is genetically related to gabbroides of the intrusion of the same name,
that is a sill-like body of northwest trend (305°). It is traced under Meso-Cenozoic deposits
along 3 km with the width of exposure from 250 to 450 m.

Intrusion dips notheastwards with the angle 25–30°; it is traced along the dip with drills
along 1.7 km. The thickness of the Prutiv intrusion is from 120 to 320 m.

Contacts with enclosing plagiomigmatites are intrusive ones in most cases not distinct,
often complicated due to the presence of nest-like and veined sulfide mineralization. Endo-
contact alterations are more intence within the lying contact and are defined by amphi-
bolization, chloritization, carbonatization and silicification.

The Prutiv intrusive has distinct zoning, observed in its cross-section. The upper and
the lower endocontact zones are distinguished which are comprised by autometasomatically
altered basic rocks with features of hybridism, as well as laminated Central series comprised
in its lower part by fine-grained gabbro-dolerites with olivine (8–25 %), 30–150 m thick
which are changed upward with a zone of alternation of predominantly olivine-free and
olivine-bearing fine- and medium-grained gabbro-dolerites, coarse-grained gabbro and gab-
bro-pegmatites. The thickness of interbeds is up to the first tens of meters.

Sulphide Cu-Ni mineralization is confined to the contacts of gabbroides with enclosing
rocks and produces two ore horizons — in the upper and in the lower endocontacts of the
intrusion.

PRYKHODKO V. L. et al.
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The upper ore zone has been found only in the northwestern part of the intrusion. The
thickness  of  the zone ranges from 3–4 to 34 m. However mineralization with more than
0.3 % nickel has been found only in the hole N 67.

The lower ore zone has been traced throughout the area of the intrusion. Its thickness
in the northwestern part is 6–23 m, and in the southeastern part — 15–20 m. The main ore
minerals are, %: pentlandite — 4–5, chalcopyrite — 0.60, pyrrhotite — 5; accessory ones
are: pyrite, violarite, cubanite, mackinavite.

The amounts of useful components in ore are the following, %: nickel — 3.84 (average
0.58), copper — 0.88 (average 0.26), cobalt — 0.05 (average 0.022).

Noble metal mineralization is unsufficiently studied now. According to the available
data amounts of metals in ore are the following, g/t: gold — 0.52, platinum — up to 0.35,
palladium — up to 0.23. In addition, presence of noble metals has been found out within
non-mineralized zones. Thus, within the hanging endocontact (hole N 211) within the
intervals  275.6–276.6,   288.6–289.0 and 299.5–301.5 m concentrations of Pt are 4.9 and
5 g/t. In the last interval concentrations of Au and Pd have been also revealed as 5 g/t each.

Technological properties of ore have been studied in a sample of 143 kg. Dressing
ability of ore was being studied by gravitational, magnetic, flotation and integrated tech-
niques with obtaining of collective concentrate. Concentrates comprise, %: nickel — 5.7,
cobalt — 0.19, copper — 3.1; g/t: gold — 5.2, silver — 37, Pt and Pd — 1.5 each. Extraction
from ore is: nickel — 86, copper — 85 %.

Valuation of reserves has been made up to the depth of 700 m. With edge nickel
content 0.3 % and minimum thickness of ore body 1.0 m reserves are, thou t: nickel — 212,
copper — 99, cobalt — 8; gold — 9 t, Pt and Pd — 5.4 t each. The final conclusion on
expediency of copper nickel ores exploration and their further mining can be taken only
after additional technologic studies using increased technological sample. Possibility of ob-
taining more rich concentrates or future obtaining of selective nickel, cobalt, noble metal
concentrates will support economic validity of mastering the deposit.

Copper. By its consumption level copper takes the third place in the world after iron
and aluminum.

Stable trend is being observed towards the increase of the world consumption and
mining of copper for average 1 % per year. In 1998 production of refined copper was equal
13.86 mill. t. Since 1997 prices for refined copper are 1700–1800 $/t. According to the
Program of non-ferrous metallurgy development of Ukraine demand for copper per year in
Ukraine is expected to be 160 thou t in 2005 and up to 172 thou t in 2010.

Nowadays Ukraine does not have any explored reserves of copper ores. Potentially
promising geological-economic types of ores in Ukraine are copper-nickel type in basites
and native copper type (in basaltic trappes). A representative of a copper-nickel type within
the USh is the Prutiv occurrence, which characteristics is given in the item "Nickel, Cobalt".
Its sulphide copper reserves according to exploring valuation are 99.0 thou t. However its
economic value has not been finally determined yet; the amount of copper reserves in this
occurrence does not solve copper problem in Ukraine.

The most promising native copper mineralization of Volyn is considered now where the
Volynian copper ore district has been found lately due to efforts of the North State Regional
Geological Enterprise (NSRGE) "Pivnichgeologiya". Its area is 10 thou km2, and reserves
are vaulted as 25 mill. t of copper, and in separate ore knots they are from 2 to 6 mill. t. Four
such knots have been distinguished now: Girnyk, Kukhit-Volynian (within the limits of the
Volyn-Podilya platform), and Rafalivka and Shepetivka (within the limits of the west slope
of the USh). According to the state of geological investigation the most promising are the
Girnyk and the Rafalivka ore knots [4, 7].

Within the Girnyk ore knot of the Tura-Lugiv ore district the Zhyrychi area has been
prepared for prospecting and valuation within which 6 ore horizons have been found out
with thickness from 1 to 19 m at the depths from 150–200 to 500–700 m. The main useful
component is native copper, accessory components are gold, silver, platinoides. Copper
content per thickness above 1.0 m is 0.5–4.5 % (average 1.2–1.5), gold — up to 3.5 g/t,
platinum — up to 1.38, silver — up to 7 g/t. Ores are easily enriched with obtaining 80 %
concentrate with extraction of copper from ore up to 90 %. According to chemical compo-
sition copper from the Zhyrychi area is extremely pure with metal copper above 99.5 %.
Copper reserves with edge content 0.5 % (average thickness of ore bed 1.5 m and copper
content 1.3 %) are 1.5 mill. t.

Nowadays NSRGE  "Pivnichgeologiya" carries out exploration for copper within the
western slope of the USh within the limits of the Rafalivka area within the top-priority
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section  of  30 km2  where  two ore horizons have been revealed with thickness from 0.5 to
10 m at the depth from 20 to 150 m.

The first ore horizon is connected with basalt lava-breccia and comprises native copper
from fine-disseminated to nuggets (in a quarry) with up to 0.7 kg of weight. The thickness of
ore horizon is from 0.5 to 2.0 m, copper content — 0.3–1.0 % (up to 4 % per 0.5 m in a
quarry), gold — up to 1.0 g/t, platinum — up to 0.5, silver — up to 30 g/t.

Another ore horizon is confined to near-bottom part of a basalt flow; copper is here
finely diffused, more rarely — in fractures and quartz veinlets. The thickness of ore horizon
is from 0.5 to 10 m, copper content ranges from 0.3 to 1.14 %. Ores and copper itself from
both Zhyrychi and Rafalivka areas are identical by mineral and chemical composition.
Copper   reserves   of   top-priority  section in the Rafalivka area are expected to be about
1.0 mill. t.

A very interesting though uncertain by its perspectives is the Zhdaniv occurrence with
complex mineralization including native copper which is situated on the northwestern slope
of the Berdychiv uplift, within the joint zone of two large zones of deep-seated faults:
Khmilnyk zone of northwestern direction and Yabluniv-Bilokorovychi zone of meridional
direction.

Mineralization is related to ultrabasic rocks of the Zhdaniv pipe-shaped massif, dimen-
sions of the massif are 125130 m. The structure of the massif is heterogeneous: its central
part is represented by micaceous (phlogopite) olivine-orthopyroxene peridotites (harzbur-
gites), enriched in chromium spinelides, its peripheral part is comprised with amphibolized
phlogopite pyroxenites enriched in sulphides [2].

Ultrabasites by their chemical composition are characterized by elevated amounts of
magnesium (MgO up to 23.17 %) and alkalis (Na2O + K2O up to 2.2 %), with potassium
twice as much as sodium. With peridotites elevated amounts of chromium (up to 1.4 %),
nickel (up to 0.3 %), cobalt (up to 0.1 %), gold (up to 0.7 g/t), silver (up to 1.4 g/t),
platinum (up to 0.1 g/t), palladium (up to 0.1 g/t) are connected, with pyroxenites —
elevated amounts of copper (up to 0.3 %), chromium (up to 0.3 %), nickel (up to 0.5 %),
cobalt (up to 0.1 %), gold (up to 0.3 g/t), silver (up to 1.5 g/t). In the crust of weathering of
pyroxenites native copper has been revealed (99.9 % Cu) as dendrites (up to 1.3 kg/t), as
well as a platinum mineral — sperrylite — up to 25 crystals. Sperrylite (PtAs2) is characti-
rized with the constant chemical composition — 56.58 % Pt and 43.42 As.

Within the limits of the Berdychiv block small intrusions of subalkali ultrabasic rocks
are known which are analogous or similar to the Zhdaniv massif. These are the Maly
Ostrozhok and Male Kutyshche massifs as well as the Karmeliukovo and Bagrynivtsi massifs
in a zone of Yablunivka-Bilokorovychi fault. They were not tested as to presence of copper
and platinoides.

Titanium. Titanium has ever been and is up to now a metal of modern technologies.
Stable demand for titanium pigments throughout the world with annual increase of 1.5–4 %
determines all the kinds of consumption of titanium concentrates: 91–93 % — of pigments,
up to 9 % — of metallic titanium, its alloys and other compounds of special destination
(welding electrodes, ceramics, etc.).

Prices of the world market in 1995 were the following (US $/t): titanium dioxide
pigment — 960, ilmenite concentrate (54 %) — 80; rutile concentrate (95–97 %) — 600 and
titanium sponge — 4.000.

Ukraine has always been a monopolist in production of titanium concentrates in the
USSR (more than 90 % of the total all-union production) and supplied both its own enter-
prises (the Sumy Production Union (PU) "Chimprom", the Crimean PU "Titan", the Zapor-
izhia titanium-magnesium plant), and the plants in Russia and Kazakhstan (the Bereznyaky
and the Ust’-Kamenogorsk plants).

A powerful mineral raw-material base of titanium has been created in Ukraine — these
are ilmenite ores deposits: native (within the rocks of gabbro-anorthosite formation of the
Korosten and Korsun-Novomyrgorod plutons), aluvial-eluvial placers of monometal (the
Irsha) type, polymetallic ancient coastal placers (the Malyshev type). Raw material base
comprises more than 40 deposits with 12 completely explored and given for commercial use,
5 of them are being exploited now.

Demand for titanium metal products (sponge titanium, cast roll of titanium) in Ukraine
can reach 6.000 t in the nearest future. Demand for rutile and ilmenite concentrates is
forecasted as 800–850 thou t in 2005–2010.

Production of ilmenite concentrates is being carried out by the Irsha ODC (Ore Dres-
sing Combinat) (Zhitomyr district) and the Upper-Dnieper Mining-Metallurgical Combi-
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nat (UDMMC, Dniepropetrovsk district). Their common capacity is about 20 % of the
world production of ilmenite concentrates and would be able to supply both Ukraine and the
whole CIS.

However the sands of the Malyshev deposit which is mined by the UDMMC contain
ilmenite with 67 % of TiO2, i. e. these ilmenites are highly oxidized and not suitable for
production of pigment titanium doixide by technologies operating at the enterprises in Ukraine,
but they are being used in metallurgy. For production of ceruse of high quality ilmenites
with 48–52 % are used, as a last resort — not more than 54 %. Among the Irsha group of
deposits there are not many deposits with high quality ilmenite (TiO2 not more than 54 %)
which are well explored and prepared for mining.

That is why the problem of mining high quality ilmenite concentrates can be solved for
further perspective at the expense of mining of native deposits (the Stremygorod, the Fe-
dorivka which are prepared for development to commercial level, as well as the Kropyvenka,
the Vydyborg, the Paromivka, et al. which are prepared for exploration). For the nearest
future operating capacities of the Irsha ODC  can be supplied by additionally explored
reserves of the placer deposits. These are: the Zlobyn, the Valky-Gatsky deposits; the Trosty-
anets deposit exploration of the placer ilmenite which is suitable for production of pigment
titanium dioxide by sulphuric acid technology is being completed now.

A brief characteristics of titanium, phosphorus-titanium and zirconium-titanium de-
posits promising for commercial development is given below.

The Stremygorod deposit of apatite-ilmenite ores. The deposit is situated in Korosten
region of Zhitomyr district. The area of the deposit is 1.0 km2. It was discovered in 1955 and
in 1979–1981 a detailed exploration was performed and the reserves of A + B + C1 catego-
ries have been proved up to the depth of 250 m and C1 + C2 categories within the interval
250–500 m.

Ore body is ore-bearing gabbroide, enclosing rocks are gabbro-anorthosites. Ore body is
overlied by sandy-clayish deposits of the Cenozoic with average thickness 32.2 m. The deposit
is represented by one steeply dipping columnar ore body traced up to the depth 1378 m.
Ores belong to three genetic types which are represented by the following (from top to
bottom): 1) a zone of complete weathering (kaoline, gruss), average thickness 12.4 m; 2) a
zone of partial weathering (weathered gabbro), average thickness 14.1 m; 3) native ores
traced up to the depth 1378 m.

Ore reserves (95 %) are concentrated within native rocks. Mineral composition of ores
from the crust of weathering and native rocks is identical, %: ilmenite — 5–20, apatite — 4–
6, titanomagnetite — 0.1–0.2. Chemical composition of ilmenite in loose and native rocks
is also practically the same: 49–52 % TiO2, 0.02–0.04 P2O5, 0.03–0.05 Cr2O3; ilmenite is
not leucoxenized that is important for production of pigments by sulphuric acid scheme.
Total amounts of useful components within the deposit range as follows: TiO2 — from 1.5 to
12.34 %, average 7.1 %; P2O5 — from 0.27 to 6.0, average 2.82. Among accessory compo-
nents the highest commercial value have vanadium and scandium, their average contents are
0.2 and 0.0008 % respectively.

Technologic scheme worked out for dressing ores from crust of weathering garantees
production of 97 % ilmenite concentrate with 49–50 % TiO2 and 0.1 P2O5 with extraction
80 % ilmenite. Native ores are dressed according to the scheme worked out by the IMR,
which involves magnetic separation of gravity concentrate and electric separation of mag-
netic fraction. Apatite concentrate is extracted by flotation from the tailings of gravitation
and non magnetic fractions of gravity concentrate. Scheme of dressing guarantees a possibi-
lity of obtaining high quality (TiO2 — 47–48, P2O5 — 0.04–0.1 %) ilmenite concentrate for
production of all kinds of TiO2 with extraction of TiO2 — 67 %, ilmenite — 79 and apatite
concentrate with P2O5 — 37–39 % with extraction 70 % which is suitable for production of
phosphorus fertilizers. Open mining.

Mining of the Stremygorod deposit will allow to supply Ukraine with ilmenite concen-
trate completely (in pigment titanium dioxide and titanium sponge) and by 30 % in phos-
phate raw material.

The Fedorivka deposit. It is situated in Chernyakhiv region of Zhitomyr district 8 km
from the railway station. Detailed explorations are being carried out at the deposit that will
have been finished by 2002.

The deposit belongs to apatite-ilmenite-titanomagnetite mineral type and is related to
the massif of rocks of gabbro and gabbro-peridotites of gabbro-anorthosite formation. The
intrusive massif stretches northeastwards along 1400 m being 300–500 m wide.

Ore body is calicular and conformable to the intrusive massif, it consists of three facial
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varieties of gabbroides: 1) fine-medium-grained gabbro of the upper part of the intrusion up
to the depth 85–110 m. The ore belongs to disseminated type. Chemical analyses showed
TiO2 content — 4–6 %, P2O5 content — 2–3; 2) gabbro-peridotites of the medium part of
the intrusion up to the depth 110–260 m with TiO2 content — 6–9 %, P2O5 content — 3–
4.7; 3) leuco-melanocratic gabbroides with interbeds of gabbro-peridotites of near-bottom
part of the intrusion up to the depth 117–323 m with TiO2 content — 3–11 %, and P2O5
content — 1.5–4.2. The thickness of stripping is 4–12 m.

The studies of mineral composition by the shortened scheme was carried out at Ukr
SIMR (Simpheropol’). Possibility of ilmenite and apatite extraction into quality concen-
trates has been established and the principal scheme of dressing has been designed. Studies
of  technological  parameters has been carried out with a pilot sample at the institute
"Mekhanobrchermet". The dressing scheme envisages: crushing the ore, its size classifica-
tion by 0.2 mm, magnetic enrichment into weak and strong magnetic fields, flotation of
apatite from the class minus 0.2 mm, gravity enrichment of magnetic product, electrical
enrichment of primary gravity concentrate and flotation of ilmenite from the tailings of
apatite flotation.

According to the worked out scheme the following products have been received: apatite
concentrate with mass share P2O5 — 39.1–41.1 %; TiO2 — 0.2 with extraction of P2O5 80 %
of the  initial   ore   and ilmenite concentrate with mass share of TiO2 — 46.5–47.18 %,
P2O5 — 0.15 with extraction of TiO2 — 78–80 %, titanomagnetite concentrate with TiO2
content  18 %,  V2O5   content — 0.9 with extraction of TiO2 into concentrate — 13 and
V2O5 — 97 %. Plagioclase and olivine-pyroxene products have also been obtained.

Concentrates are high-technological while being processed.
Ilmenite concentrate has been recommended for production of pigment titanium dio-

xide by sulphate technique at the operating enterprises of Ukraine. Possibility of obtaining
titanium slags from ilmenite concentrate for chlorine production and for production of
pigment titanium dioxide has been previously studied; the obtained slags meet all technical
demands.

The TEG (Technical-Economical Grounds) of the constant conditions for ores have
been worked out as well as Technical-Economic Indices of development of the deposit: ore
reserves — 136.6 mill. t;  capital expenses into industrial constructions and equipment —
221 mill.  dollars;  trade  cost  of year production of the main product — 118 mill. dollars;
a year  profit of the enterprise — 52 mill. dollars; the term of compensation of capital
expenses — 3.8 years; ratio of profitability to capital expenses — 26.3 %.

The Trostyanets deposit of placer ilmenite. The Trostyanets placer deposit of ilmenite is
situated in the Volodarsk-Volynsky and Chernyakhiv regions of Zhitomyr district and is in
close proximity to the MPC (Mining-Processing Combinat) which is being built on the base
of the Mezhyrichchya ilmenite deposit. Works on preparation the deposit for its economic
development are being carried out presently.

Geological-mining conditions of the deposit are the following: average thickness of the
ore horizon — 7.5, stripping rocks thickness — 8.6 m; stripping rocks and ore horizon rocks
are loose. All these circumstances allow quarry mining of the deposit. Productive horizon is
represented by alluvial sands (27 %), secondary kaolines (25 %), and primary kaolines of the
crust of weathering (48 %). Average content of ilmenite in the integrated ore bed (with edge
contents of ilmenite in alluvium sample — 18 and in a sample of the crust of weathering —
25 kg/m3) is 84.7 kg/m3. TiO2 content in ilmenites from alluvium is 53.9 %, from the crust
of   weathering — 51.8 %.   Contents of  harmful components are: P2O5 — 0.05–0.078;
Cr2O3 — 0.04–0.05 %.

Technological parameters of ore have been studied at the Irsha MPC. High quality
ilmenite concentrate has been obtained with extraction 82 %. Quality of concentrates by
standard oxides (P2O5 — 0.056–0.078; Cr2O3 — 0.004–0.005 %) corresponds to the best
levels of the world production. Samples of pigment titanium dioxide for general use have
been obtained from ilmenite concentrates by sulphuric acid technology.

TEG of temporary standards and expediency of development of the deposit were worked
out in 1998. The term of compensation of capital expenses (12.0 mill. griven) is 4 years; the
ratio of profitability to capital expenses is 20 %.

The Tarasivka deposit of placer complex ilmenite-rutile-zircon ores. The deposit is situa-
ted in Bila Tserkva region of Kyiv district, 25 km north of the city of Bila Tserkva.

The level of studies of the deposit corresponds to preliminary survey. Ore-bearing sands
belong to medium horizon of the Novopetrivka suite of the Poltava series of the Neogenic.
Ore deposit is represented by two horizons — the upper and the lower ones with dimensions
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5.0  8.0–3.5 and 1.0  0.2–0.7 km respectively. The thicknesses of ore horizons (with edge
content  25   kg/m3  of  conventional ilmenite) are: the upper one — 7.4, the lower one —
5.5 m. 90 % of ore sands reserves are concentrated within the upper bed. Average thickness
of the stripping rocks is 27.0 m. Average contents of ore minerals in the upper bed (kg/m3)
are:   ilmenite — 23.3, rutile — 10.8, zircon — 10.4, disthen and sillimanite — 5.4, leuco-
xene — 1.9; conventional ilmenite — 78.1.

Ore sands are easily enriched. Technological indices were studied by laboratory sam-
ples. Ilmenite, rutile and zircon are extracted into heavy fraction of 0.1–0.05 mm — class;
disthen, sillimanite and staurolite — into light fraction 0.25–0.16 and 0.16–0.1 mm classes.
Studies of ore sands were performed by gravity-flotation scheme with magnetic and electro-
magnetic  separation. Contents of ore minerals in concentrate are, %: ilmenite — 40.0,
rutile — 18.5, zircon — 18.2, leucoxene — 3.3, disthen and sillimanite — 9.5, sum — 89.5.

The Tarasivka deposit is an analogue of the Malyshev deposit of identical ores that is
being mined by Vilna Gora State Mining-Metallurgical Combinat. Taking into account high
rating of zircon at the world market and its deficiency in the CIS as well as complex
character of ores of the Tarasivka deposit it is worth preparing to be mastered primarily.

Molybdenum. It is one of the most important metal dopes. A little admixture of molyb-
denum in steel gives it high hardness, viscosity, refractoriness, makes it acid-resisting, and
self-chilled. That is why 70 % of molybdenum is currently used in ferrous metallurgy,
possibilities of its use have recently extended for production of turbine blades, as a compo-
nent of construction materials in nuclear power reactors, as chemical compounds-catalists
in oil and chemical industry as well as for production of lubricants and paints.

World consumption of molybdenum ranged from 86.9 thou t in 1991 to 103.47 thou t
in 1995. Its stable increase is being forecasted up to 120–130 thou t by 2010. The main
consumers of molybdenum are industrialized countries of Western Europe, the USA, Japan.
Five countries of the world provide 98–99 % of molybdenum production — the USA, Chile,
China, Russia.

Prices for molybdenum as technical molybdenum oxide at the world market have a
trend to increase from 4.34 $/kg to 9.6–10 $/kg during 1995–1996. In December 1984 —
January 1995 prices jumped from 31.9 to 35.2 $/kg but in 1985 they stabilized at the level 9–
10 $/kg.

According to the State Program "Non-ferrous metallurgy of Ukraine" demand for mo-
lybdenum up to 2010 was the following: 264 t (1986) — 116 (1998) and is expected to be
from 125 (2002) to 145 t (2010). Ukraine does not have its own explored molybdenum
reserves and its demand is provided with its import from republics of CIS, first of all from
Russia. However at present there are some promising ore occurrences within the limits of
the USh, which are prepared for exploration.

They are the Verba occurrence in the northwestern part of the USh and the East-
Sergiiv occurrence within the east extension of gold-bearing structures of the Sergiiv deposit
[1, 5].

The Verba molybdenum occurrence. The Verba molybdenum occurrence is situated in
Olevsk region of Zhitomyr district. The nearest railway station (Olevsk) on the thoroughfare
Kyiv — Brest is 25 km north of the deposit.

Ore occurrence is located within the eastern endocontact of the Ustynivka polyphase
granite massif; economic mineralization is generally controlled by the final stage of leucog-
ranites which is granite-porphyry and products of its metasomatic reworking: greisenized
granites and greisens. Mineralization belongs to molybdenum ore formation of stockwork-
greisen geologic-economic type. It also belongs to monomineral type. The main mineral is
molybdenite. Mineralization is mainly disseminated, less often veinlet-disseminated and
socket-disseminated.  Dimensions  of  the mineralized zone are: width — 200–300 m,
length — 1700 m; vertical scale of mineralization is 100–450 m and more.

Presently its state of investigation corresponds to reconnaissance stage. Average con-
tents of molybdenum in ore with edge contents 0.01, 0.02 and 0.03 % respectively are:
0.046, 0.053 and 0.07 %. Ores are easily enriched. Technological properties of ores have
been studied with the samples of 43.4 and 350 kg; the obtained concentrate corresponds to
technical demands; molybdenum content in concentrate is 51–52 % Mo with extraction
80–83 %. Presently materials for compiling Technical-Economical-Report are being pre-
pared as to expediency of this occurrence survey. Resources and reserves of molybdenum in
this occurrence are valued as 20–25 thou t.

The East-Sergyiv molybdenum occurrence. During recent years due to works within ore-
bearing zones  of   the  ore occurrence some ore intersections with molybdenum content
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0.05 % and more have been revealed. The richest is the South zone with the highest ore
saturation, here molybdenum contents are more than 0.1 % and along some intersections
(hole N 3219) molybdenum content is up to 2.65 % per thickness 1.0 and 0.46 m per
thickness 14.9 m. The length of ore deposits ranges from 60 to 600 m. Perspective resources
only for the most studied area are 17 thou t with its average content in ore — 0.15 %, total
reserves of the occurrence are 32.4 thou t. Outlook for this occurrence is added with nume-
rous intersections with up to 30 g/t gold (hole N 0131) and presence of monoisotopic raw
material related to molybdenite.

In addition within the East Peri-Azovian block, near geological structures of the Don-
bas the Novoselivka ore field has been recently revealed which is related to subvolcanic
structures. It is structurally located within the marginal part of the Novooleksiivka dome
structure. Occurrences of molybdenum, tungsten, bismuth, lead, silver and other metals
have been revealed within the ore field. Subvolcanic bodies are related to Hercynian stage of
tectono-magmatic activization and are represented by trachytes, trachyrhyolites and lava-
breccias of trachytes. Subvolcanic formations and their enclosing rocks have been sufficient-
ly hydrothermally altered — albitized, propilitized argillized. Production of tungsten, mo-
lybdenum, lead and other metals are related to these processes.

Such ore occurrences presently are the Verbove, the Novoselivka and the Kaplanivka
molybdenum and tungsten occurrences and the Kichitsu lead occurrence.

At the Verbove occurrence ore intersections have been revealed within hydrothermally
altered granites and trachytes in the hole N 193 within the interval 34–130 m by core
chemical analyzes with the following parameters:

Interval 49–65 m (borehole thickness — 16.0 m), tungsten content — 0.064 %, inclu-
ding 5.0 m — 0.112 %; interval 82–90 (9.0 m) — 0.058 %; interval 95–124 m (29 m) —
0.150 % including 0.3 % at 4.5 m and 0.44 % at 5.0 m.

At the Novoselivka occurrence exploration-mapping holes revealed molybdenum mi-
neralization within the thick zones of altered crystal schists and amphibolites with quartz
zones with the following parameters: hole N 222, interval 18.5–21 m (2.5 m) — 0.055 %
Mo; interval 187–190.5 m (3.0 m) — 0.172 %.

At the Kaplanivka occurrence molybdenum mineralization is confined to quartz zones
and has the following parameters: hole N 15, interval 47.5–53.5 m (6.0 m) — 0.36 % Mo,
including 1.05 % Mo at 1.0 m; hole N 14, interval 42.5–44.3 m (1.8 m) — 0.40 % Mo.

Discovery of new promising type of tungsten-molybdenum mineralization related to
subvolcanic structures sufficiently increases outlooks of Ukraine for discovery of economic
deposits of tungsten and molybdenum within East Peri-Azovian as a whole.

Tin, tungsten. Tin. According to the Program "Non-ferrous metallurgy of Ukraine for
the period up to 2010" demand for tin in Ukraine are 600–800 t per year (2000–2010). Tin
consumption in 1992 was 1981 t, and in 1998 — 593 t.

Look out for discovery of tin economic deposits in Ukraine is connected with ore-
bearing structures of the Sushchany-Perga zone. Among them there are the following occur-
rences: the Quarry, the Western, the Girnyche. Tin ore mineralization is confined to inten-
sively metasomatically altered granite-porphyries (albitized, greisenized, silicified, fluori-
tized).

Within  the limits of ore occurrences 2–5 ore deposits have been distinguished (up to
18 — the Western occurrence), which have the length of first hundreds meters along the
strike and down the dip, with thickness of the first tens meters. Ores are poor with average
content 0.1–0.2 %. Their predicted resources are first tens thousands tons. But the ores are
complex ones — with niobium, tantalum, tungsten, rare-earth metals that increases their
value essentially. Ore occurrences are poorly studied and need to be explored by carrying out
complex drilling as well as mineralogical-petrographic and technologic studies with further
geologic-economic valuation and conclusions on expediency of explorations. Such works
are expected to be carried out within the Western and the Girnyche ore occurrences after
2003.

Tungsten. Demands for tungsten products in Ukraine for the nearest future — 2002–
2010 are within the limits 435–480 t.

Some promising occurrences of tungsten mineralization have been revealed lately in
West Peri-Azovian. Their characteristics is given above in the item "Molybdenum". Litho-
geochemical surveyes are planned to be carried out here with surface exploring openings and
grilling with a complex of geophysical studies.

Lead and zinc. Demand for lead and zinc in the world as well as for most non-ferrous
metals is constantly increasing during the last decade (since 1993): for lead from 5184 thou
t (1993) to 5447 thou t (1998), for zinc — from 6599 thou t (1992) to 8000 thou t (1998).
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Prices for zinc in 1998 were 950–960 $/t, for lead — 519 $/t. In 2002–2005 world
prices for zinc and lead will be 1100 and 590 $/t respectively.

Demands in Ukraine for the period up to 2010 will be: for zinc — from 62.6 (2000) up
to 66.0 thou t (2010), for lead — from 12.0 to 14.0 thou t respectively; they are expected to
be provided at the expense of Zakarpattya deposits (the Muzhievo and the Bigansk) as well
as deposits of the DDD (Dnieper-Donets Depression) (the Bilyaivsk, Kharkiv district) which
total reserves are enough for complete provision of the country with its own raw materials
for only 10–15 years.

At the same time, in the northwestern part of the USh within the limits of the Kurcha
and Gutya brachysynclinal structures polymetalic mineralization has been revealed during
geological survey. Structures consist of terrigenic-carbonaceous rocks: graphite-biotite gneisses,
amphibolites, marbles, calciphyres. Within the Krucha structure polymetallic mineralization
has been opened by the bore hole within the interval 164.4–180.0 m and is represented by
finely dispersed sulphide mineralization (the Veriv occurrence). Mineral composition of mi-
neralization: galena, sphalerite, chalcopyrite, chalcocite et al. Contents of useful compo-
nents are: lead — 0.1–3.63, zinc — 0.01–0.32, copper — 0.01–0.094 %, silver — 2–7.1 g/t.

With parameters of mineralization — average thickness of the ore body — 4.9 m, the
length — 2.4 km, the depth of resources calculation — 300 m, average contents: Pb — 1.4,
Zn — 0.32 %,  Ag — 5.14 g/t   perspective   resources   of  the occurrence are 61.2 thou t,
2.0 thou t and 21.8 t respectively. As a whole for the Kurcha structure perspective and
forecasted resources are: Pb — 316; Zn — 10, Ag — 110 thou t. The occurrence is worth
exploring.

Besides, an additional source of Zn, Pb, Ag may become rare metal ores of the Perga
deposit with its future development because Zn, Pb, Ag are accessory components of beryl-
lium ores and are concentrated with ore dressing in sulphide concentrate.

Contents of metals in concentrate are: Zn — 16–32, Pb — 5–18, sometimes Ag — up
to 800 g/t with extraction from ore: Zn — 27–42, Pb — 81–95 %.

Economic expediency of zinc products obtaining from rare metal ores has been de-
duced. Balance reserves of zinc at the deposit are 40 thou t.

From the above review of the outlooks of Ukraine for non-ferrous metals and their
demand in Ukraine it follows that already at present there is a potential for complete
provision of mining industry with individual metals. These are titanium and nickel raw
materials. In the nearest future preparation for development to commercial level of alumi-
num and molybdenum deposits is possible. In the case of future development of Sushchany-
Perga ore field group of deposits obtaining of tin and tungsten products is possible inciden-
tally. As a result up to 2010 Ukraine is able to decrease imports of non-ferrous metals
essentially.
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ÐÅÇÞÌÅ. Ðàññìîòðåíû îñíîâíûå ãåîëîãî-ïðîìûøëåííûå òèïû ìåñòîðîæäåíèé öâåòíûõ ìåòàëëîâ Óêðàèíñêîãî
ùèòà è åãî ñêëîíîâ (Al, Ni, Co, Cu, Ti, Mo, Sn, W, Pb, Zn). Ïðèâåäåíà êðàòêàÿ õàðàêòåðèñòèêà îñíîâíûõ
ïðîìûøëåííî âàæíûõ è ïåðñïåêòèâíûõ ìåñòîðîæäåíèé è ðóäîïðîÿâëåíèé, èõ çíà÷åíèå äëÿ ñîçäàíèÿ è
ðàñøèðåíèÿ ìèíåðàëüíî-ñûðüåâîé áàçû öâåòíûõ ìåòàëëîâ Óêðàèíû.

ÐÅÇÞÌÅ. Ðîçãëÿíóòî îñíîâí³ ãåîëîãî-ïðîìèñëîâ³ òèïè ðîäîâèù êîëüîðîâèõ ìåòàë³â Óêðà¿íñüêîãî ùèòà ³
éîãî ñõèë³â (Al, Ni, Co, Cu, Ti, Mo, Sn, W, Pb, Zn). Íàäàíî ñòèñëó õàðàêòåðèñòèêó îñíîâíèõ âàæëèâèõ äëÿ
ïðîìèñëîâîñò³ ³ ïåðñïåêòèâíèõ ðîäîâèù òà ðóäîïðîÿâ³â, ¿õ çíà÷åííÿ äëÿ ñòâîðåííÿ òà ðîçøèðåííÿ ì³íåðàëüíî-
ñèðîâèííî¿ áàçè êîëüîðîâèõ ìåòàë³â Óêðà¿íè.
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UDC 553:552 (477)

S. G. Kryvdik

Metallogeny of Alkaline Complexes of the Ukrainian
Shield

Deposits and small occurrences of rare metals (Nb, REE, Zr, Y, Sr, Be), apatite, ilmenite, fluorite are related to
alkaline complexes of the Ukrainian Shield. In this region there are traditional deposit types of mentioned rare metals
related to nepheline syenites and alkaline granites as well as new unusual types of ores rich in Zr, REE and Y related
to specific nepheline-less alkali-feldspar syenites. An appointed geochemical inhomogeneity in reference to concen-
tration of some rare metals in alkaline rocks of the Ukrainian Shield is found out. It is explained by different geody-
namic conditions of formation of these alkaline complexes.

Alkaline rocks among magmatic ones belong to those the richest in incompatible rare ele-
ments (Zr, Nb, REE, Sr). Large deposits of nepheline, apatite, ilmenite, fluorite, phlogo-
pite, and vermiculite, sometimes copper and other commercial minerals are also genetically
related to alkaline complexes.

In overwhelming majority of Precambrian platforms and shields alkaline rocks are
Phanerozoic. On the contrary, alkaline complexes of the Ukrainian Shield (USh) are pre-
dominantly Proterozoic (1.7–2.1 Ga). That determines to a great extent a number of speci-
fic peculiarities of Precambrian metallogeny of this region.

Now there are known about 40 massifs and small occurrences of alkaline rocks and
carbonatites in USh (Figure). As it was shown [8], these rocks in their overwhelming major-
ity belong to two discrete on age (the Precambrian) associations (named-formations): alka-
line-ultrabasic (2.0–2.1 Ga) and gabbro-syenitic (1.7–1.8 Ga). Below we shall name these
associations of rocks by the term "complex" which is more widely used for magmatic rocks
in Western (mainly English-language) geological literature. As is generally known, in lite-
rature of the former USSR the term "complex" comprises some another and wider on its
content meaning. But as for naming the association of contemporary and genetically related
igneous rocks, the term "formation" was applied more frequently. We are also using the term
"massif" which comprises more concrete and local meaning.

There are also known the Paleozoic (Devonian) alkaline complexes in USh, but their
spreading is limited only by marginal parts of this region (the Peri-Azovian area and maybe
Prypyat swell). Paleozoic alkaline rocks (mainly volcanic and subvolcanic facies) widely
spread in younger depressions (the Dnieper-Donets, Near Black Sea) surrounded USh from
North-East and South. In general the Paleozoic alkaline rocks are not of great importance
in metallogenic potentiality of the USh (unlike other similar Precambrian regions). The
cause of such passivity of the USh concerning Phanerozoic alkaline magmatism is not
elucidated for the present.

Some deposits and a number of small occurrences of apatite, ilmenite, rare metals (Zr,
Nb, TR, REE, Y, Sr) fluorite, phlogopite, vermiculite are connected with alkaline and
subalkaline complexes of the USh.

The deposits of apatite are genetically related to carbonatites and partly to phoscorites
(the Chernigivka, Peri-Azovian area) and also to subalkaline mafites of gabbro-syenitic
complex (the Davydky and South Kalchyk massifs, Stremygorod deposit, etc.). Under these
conditions the carbonatite deposit (average about 10 % of apatite) represents a combined
ores of phosphorus and rare metals (Nb, Ta, REE, Sr, Zr), while ore varieties of mafites
(gabbros, troctolites, peridotites) of gabbro-syenitic complex are predominantly combined
ores of phosphorus, titanium, iron and partly REE, Y, V, Sc (Table 1). However in ore
mafites of some alkaline and subalkaline complexes of the USh we see delimitation of
phosphate and titanium mineralization. For example, in Davydky massif the troctolites rich
in ilmenite occur in the lower part of the layered gabbroid series while gabbro enriched with
apatite overlie them [8]. In the Oktyabrsky, Mala Tersa and Pokrovo-Kyriyievo massifs ore
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varieties of gabbros and pyroxenites are enriched with ilmenite but very depleted of apatite
(Table 1). It is noticeable that the later differentiates of those complexes (for example
mariupolites of the Oktyabrsky massif) are so depleted of phosphorus that in these rocks
instead of apatite its rare-earth-silicate analogue, britholite, crystallizes. In our opinion, that
phenomenon was caused by low content of phosphorus in the primary mantle basic magmas
which have been parental for the above-mentioned massifs of gabbro-syenitic complexes.

On the other hand, the gabbroides with unusually low titanium and fairly high phos-
phorus contents rarely occur in the USh, such are gabbroides of the Goloskovo occurrence
in the Peri-Bug area (Table 1). Until the belonging of these rocks to definite complex is not
elucidated, we shall conditionally name them as metagabbroides (norites, gabbros). In this
case the term metamorphism comprises a wide meaning — from autometamorphism to
properly later regional metamorphism. High amounts of potassium in these metagabbroides
(caused by presence of biotite) permit supposing these rocks in their primary form to belong
to subalkaline series.

Deposits and small occurrences of poor apatite ores are also connected with melano-
cratic nepheline rocks (ijolites, melteigites, jacupirangites, alkaline pyroxenites, etc.) of the
Proskurivka and Antonivka alkaline massifs (Table 1). To a certain degree melanocratic
rocks of these massifs are similar to ijolite-melteigites of Khibina apatite deposit, however
they usually have a number of geochemical peculiarities and differ by the scope of minera-
lization. Thereby we considered [6] a problem of possible presence of agpaitic nepheline
syenite massifs in USh. Note, that the detection of agpaitic nepheline syenites (like Khibina,
Lovozero, Ilimaussaq, etc.) with characteristic apatite and rare-metal deposits is not exclu-
ded in USh. However, taking into consideration that the territory of the USh is well studied
with the help of a rather dense net of mapping boreholes, the perspective of discovery of
large massifs of those rocks may be to a somewhat limited.

Rare and so named incompatible elements (Nb, Zr, REE, Sr) are often the most
typical geochemical peculiarity of alkaline complexes. Being highly concentrated in alkaline
rocks, these elements sometimes become petrogenic and form rich ores. The alkaline com-
plexes of the USh are no exception of this rule, where both traditional and new types of
rare-metal deposits are connected with them. Deposits and small occurrences of rare metals
(Nb, Ta, Zr, Hf, REE, Y, Sr, Be) are related to carbonatites (the Chernigivka), nepheline
and alkaline syenites (the Oktyabrsky, Azovsky, Yastrubetsky a. o) and partly to alkaline
granites (the Perga).

One of specific peculiarities of rare-metal mineralization of Chernigivka carbonatites

Massifs and occurrences of carbonatites, alkaline and subalkaline rocks in the USh. Ultrabasic-alkaline formation
(complexes): 1 — Chernigivka (Novopoltavka); 2 — dikes of metajacupirangites; 3 — Proskurivka; 4 — Antonivka; 5 —
Gorodnytsya intrusive body; 6 — fenites of Berezova Gat’. Gabbro-syenitic formation: 7 — Oktyabrsky; 8 — Mala Tersa;
9 — Pokrovo-Kyriyievo; 10 — Davydky; 11 — Velyka Vyska; 12 — South Kalchyk; 13 — Yelanchyk; 14 — Kalmius;
15 — Yastrubetsky; 16, 17 — aegirine syenites of Korosten and Korsun-Novomyrgorod plutons; 18 — Prymorsky; 19 —
Melitopol’; 20 — Stremygorod apatite-ilmenite deposit; 21 — Goloskovo deposit. Geological blocks of the USh: I —
North-Western; II — Dnieper-Bug; III — Ros-Tikich; IV — Ingul-Ingulets; V — Middle Dnieper; VI — Peri-Azovian
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consists in the presence of cerium fergusonite. The amount of the latter in some carbonatites
is rather essential (so much and even more than other accessory minerals). Besides Ce-
fergusonite, there are also such niobates typical of these rocks as pyrochlore, hatchettolite,
columbite, eschynite and fersmite in these carbonatites. As is generally known, Ce-ferguso-
nite is a very rare natural mineral. Although niobates of carbonatites mainly belong to
essential niobium varieties, as it is characteristic of alkaline complexes, but hatchettolite
with rather high contents of Ta (9–12 % Ta2O5) crystallises in calcite carbonatites (soviets)
of the Chernigivka [9].

Rare-earth minerals of the carbonatites are represented by monazite (almost fully tho-
riumless variety), orthite, rich in REE (to 7 % REE2O3) apatite, burbankit and ancylite
besides the above-mentioned Ce-fergusonite. However essential part of rare earths are scat-
tered in apatite (0.7–1.5, sometimes to 7 %) and rock-forming carbonates (to 0.7 % REE2O3
in calcite).

The Peri-Azovian ore carbonatites are also characterized (as it is inherent in these
rocks) by high contents of Sr (to 5 %, average 1) which is almost fully scattered in rock-
forming  carbonates  (about 5.8 in calcite and up to 2.2 % in dolomite) and apatites (up to
2 %).

Such attendant useful components as phlogopite, ilmenite, molybdenite and carbonate
besides apatite, niobates and rare earth minerals may be withdrawn from the carbonatites by
their complex exploitation.

Some researchers [11] refer to rare-earth carbonatites the Petrovo-Gnutovo dike (vein)
which contains variable contents of calcite, fluorite and parisite. These rocks represent rich
ores of cerium lanthanoides but at present this small occurrence is practically completely
withdrawn in its outcrop. In spite of this as well as some problems of genesis, age and
belonging to definite geological complex of the Petrovo-Gnutovo dike rock, it is possible to
consider that the territory of the USh is perspective for prospecting of ores deposits rich in
lantanoides similar to those in USA (Mountain Pass) and China (Bayan Obo).

Very interesting and for long time known type of rare-metal ores are mariupolites (the
Oktyabrsky massif) that comprise such ore minerals as zircon, pyrochlor and britholite
(Table 2). In Oktyabrsky massif other types of ores similar to those in agpaitic nepheline
syenites may be also discovered. This may be is evidenced by the find of agpaitic nepheline
syenites and phonolites with eudialite and astrophyllite in this massif [8].

Rare-metal mineralization of limited scope with pyrochlore and zircon is found in
albitites of Mala Tersa alkaline massif. Similar type of mineralization (zircon, pyrochlore,
columbite) was mentioned [9] in apofenitic albitites of the Chernigivka massif.

Besides the above-mentioned traditional types of rare-metal deposits, the unusual and
highly enriched with Zr, REE and Y syenites have been lately discovered (Table 2). These
syenites form differentiated and layered intrusions; in the Azov and Yastrubetsky massifs
they contain layers (cumulates) rich in zircon, britholite and orthite. The syenites belong to
alkaline and subalkaline series. Subalkaline varieties of the syenites are bifeldspathic (potas-
sic feldspar-perthite + oligoclase) and, as a rule, contain quartz. But ore rare-metal syenites
belong only to mono- and alkali-feldspathic (plagioclaseless) hypersolvus varieties [12] which
we consider residual (after bifeldspathic ones) differentiates of trachitic melts. In alkali-
feldspathic syenites the fluorite occurs which forms own deposits in special case (the Yastru-
betsky massif). In our opinion, the appearance of fluorite signifies the beginning of a mass
accumulation of zircon, britholite and orthite crystals forming rich ores of Zr, REE, and Y
[10].

Femic minerals of these syenites specialized for rare metals are represented by varieties
very rich in iron (fayalite, hedenbergite, aegirine-hedenbergite, aegirine, ferrohastingsite,
ribeckite, annite). High iron contents in femic mineral, essential enrichment of the syenites
by incompatible rare elements (Zr, REE, Y) as well as strong depletion of Sr and Ba are
undoubtedly the evidences for a high degree of differentiation and residual petrogenetic
character of these rocks. Those syenites are spatially located and, in our view, genetically
related to anorthosite-rapakivi-granite plutons (the Korosten, Korsun’-Novomyrgorod) and
demonstrate a syenitic differentiation trend of the latter. In that aspect the South Kalchyk
massif is considered as essentially syenitic (with gabbros, andesinites, granites) eroded ana-
logue of those plutons [9]. The presence of that kind of syenites so strongly rich in Zr, REE
and Y is a specific metallogenic peculiarity of the USh.

In USh there are also known some occurrences of Nb, Zr, REE, Y, Be and Sn in
connection with alkaline (aegirine, ribeckite) granites, but these rocks are restrictedly spread
(Proterozoic granites in the north-western part of the USh, district of the v. Perga, and
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Paleozoic grorudites in the Peri-Azovian area). Ribeckite and aegirine granites of v. Perga
and connected with them rare-metal mineralization are similar to those in Nigeria (plateau
Jose). We can note a presence of numerous mineral-varieties of pyrochlore group as an
interesting mineralogical feature of alkaline Perga’s granites [3].

The alkaline rocks of the USh, having in general essential or high contents of many
incompatible rare elements, display an appointed geochemical inhomogeneity in reference
to some of them (Nb, Ti, partly Zr). For instance, practically all Proterozoic alkaline rocks
and carbonatites of the Peri-Azovian area are enriched in such characteristic rare elements
as Nb, Zr and REE while alkaline massifs of the Western part of the USh (the Proskurivka,
Antonivka) are strongly depleted of Nb and Zr by moderate concentration of REE and Sr
(Table 2). In these rocks the contents of Ti are fairly low too (Table 1). Strong depletion of
the mentioned rare element also occurs in olivine jacupirangites and melteigites of Gorod-
nytsya intrusive body. The latter, in our view, represent weakly differentiated primitive
mantle-derived smelting. However there is no concern of the alkaline rocks of Proskurivka
and Antonivka massifs, differentiation index of which is rather high (presence of leucocratic
nepheline syenites, essential contents of aegirine minal in clinopyroxene, etc.). In compa-
rison with foyaite of the Oktyabrsky massif the same-named rocks of the Mala Tersa massif
are characterized by lower contents of Nb and Zr. The cause of such inhomogeneity of the
alkaline rocks, particarly in reference to concentration of Nb and Ti, is not elucidated at
present. There may be the most probable supposition about formation of those geochemical
differing alkaline complexes under different geodynamical condition [4, 6]. Alkaline and
subalkaline magmatic complexes depleted of Nb and Ti could form in the compression area
(subduction, orogen, collision) while alkaline rocks enriched in Nb and other incompatible
elements have been spatially connected with intracratonal rifting structures. In the recent
years such a distinct dependence between concentration of Nb and types of geodynamical
formation conditions has been discovered for potassic leucitic rock [17] and also basalts [1].

Note, that the mentioned limited geochemical specialization for Nb (and partly Zr)
maybe will have no influence upon generally  positive appraisal about perspective apatite
and lanthanoid mineralization in alkaline rocks of the Proskurivka, Antonivka and similar
massifs of the USh, which can be found by means of boring during the prospecting.

Only two insignificant fluorite deposits (the Yastrubetsky and Pokrovo-Kyriyievo) have
been discovered in the alkaline complexes of the USh. But concerning fluorite, it has been
established a very interesting phenomenon for alkaline rocks of the USh: in abyssal (deep-
eroded) massifs fluorite is absent because fluorine is scattered and comprised into such rock-
forming minerals as micas (to 2.7 % F), amphiboles (to 1.4 %) and apatite (to 3.3 %); on the
contrary, in hypabyssal massifs the named minerals are depleted of fluorine and the latter
forms individual phases — fluorite, parisite, bastnesite. Maybe this phenomenon is of re-
gional character. But this conclusion seems to be probable proceeding from the comparative
analysis of fluorine contents in apatites from carbonatite complexes of different erosional
shear [9]. We can suppose that the pressure may be a leading factor of fluorine distribution
in rock-forming minerals as well the fluorides distinguishing as individual phases. The de-
crease of pressure should further fluorine separating from melts with formation of own
minerals. This conclusion obviously does not concern (or only to a certain degree) magmatic
melts supersaturated by alkalis (agpaitic) which can hold fluorine till the last stage of their
crystallization. However an individual mineral phase of fluorine — villiaumite (NaF) crys-
tallizes in those rocks.

Conclusions. In USh an overwhelming majority of alkaline complexes is Proterozoic,
while in other similar Precambrian regions alkaline complexes formed predominantly during
the Phanerozoic eon.

1. In USh traditional and unusual new type deposits of rare metals, apatite and ilmenite
are genetically connected with complexes of alkaline and subalkaline rocks. The forwer are
related to nepheline syenites, carbonatites, alkaline granites and gabbroids. Ores of untradi-
tional type rich in Zr, REE and Y are discovered; they are connected with specific nephelineless
syenites — differentiates of basic magmas related to anorthosite-rapakivi-granite plutons.

2. In alkaline rocks of the USh an appointed geochemical inhomogeneity in reference
to concentration of some rare elements (Nb, Zr) and Ti is found out. It is explained by
different geodynamical conditions (zones of rifting and compression) of formation of these
geochemical various alkaline complexes.

3. A number of metallogenic peculiarities of the USh are caused both by specifity of
Proterozoic alkaline magmatism in general and abyssal conditions of formation of some
deposit in particular.

METALLOGENY OF ALKALINE COMPLEXES
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4. The USh is an unique province of Proterozoic alkaline magmatism and related
deposits and small occurrences of rare metals.
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ÐÅÇÞÌÅ. Ñî ùåëî÷íûìè êîìïëåêñàìè Óêðàèíñêîãî ùèòà ñâÿçàíû ìåñòîðîæäåíèÿ è ðóäîïðîÿâëåíèÿ ðåäêèõ
ìåòàëëîâ (Nb, TR, Zr, Y, Sr, Be), àïàòèòà, èëüìåíèòà, ôëþîðèòà è ò.ä. Òóò èìåþòñÿ êàê òðàäèöèîííûå òèïû
ìåñòîðîæäåíèé óïîìÿíóòûõ ìåòàëëîâ â ñâÿçè ñ íåôåëèíîâûìè ñèåíèòàìè è ùåëî÷íûìè ãðàíèòàìè, òàê è
íîâûå òèïû áîãàòûõ íà Zr, TR è Y ðóä, ãåíåòè÷åñêè ñâÿçàííûõ ñî ñïåöèôè÷åñêèìè áåçíåôåëèíîâûìè ùåëî÷íî-
ïîëåâîøïàòîâûìè ñèåíèòàìè. Óñòàíîâëåíà îïðåäåëåííàÿ ãåîõèìè÷åñêàÿ íåîäíîðîäíîñòü îòíîñèòåëüíî
ñîäåðæàíèÿ ðåäêèõ ìåòàëëîâ ùåëî÷íûõ ïîðîä Óêðàèíñêîãî ùèòà, êîòîðàÿ îáúÿñíÿåòñÿ îòëè÷èÿìè
ãåîäèíàìè÷åñêèõ óñëîâèé èõ ôîðìèðîâàíèÿ.

ÐÅÇÞÌÅ. Ç ëóæíèìè êîìïëåêñàìè Óêðà¿íñüêîãî ùèòà ïîâ’ÿçàí³ ðîäîâèùà òà ðóäîïðîÿâè ð³äê³ñíèõ ìåòàë³â
(Nb, TR, Zr, Y, Sr, Be), àïàòèòó, ³ëüìåí³òó, ôëþîðèòó òîùî. Ó öüîìó ðåã³îí³ º ÿê òðàäèö³éí³ òèïè ðîäîâèù
íàçâàíèõ ð³äê³ñíèõ ìåòàë³â â çâ’ÿçêó ç íåôåë³íîâèìè ñ³ºí³òàìè òà ëóæíèìè ãðàí³òàìè, òàê ³ íîâ³ òèïè áàãàòèõ
íà Zr, TR òà Y ðóä, ãåíåòè÷íî ïîâ’ÿçàíèõ ç³ ñïåöèô³÷íèìè áåçíåôåë³íîâèìè ëóæíî-ïîëüîâîøïàòîâèìè ñ³ºí³òàìè.
Âñòàíîâëåíî ïåâíó ãåîõ³ì³÷íó íåîäíîð³äí³ñòü ùîäî âì³ñòó ð³äê³ñíèõ ìåòàë³â ëóæíèõ ïîð³ä Óêðà¿íñüêîãî ùèòà,
ÿêà ïîÿñíþºòüñÿ â³äì³ííîñòÿìè ãåîäèíàì³÷íèõ óìîâ ¿õ ôîðìóâàííÿ.
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D. M. Shcherbak, V. A. Mykhaylov, O. V. Grynchenko

The Significant Precambrian Metallogenic
Epochs of the Ukrainian Shield

There are six metallogenic epochs with special host rocks and ore formations in the Precambrian of the Ukrainian
Shield: the Early (3.8–3.4 Ga), the Middle (3.4–3.1 Ga) and the Late Archean (3.1–2.6 Ga), the Early (2.6–2.1 Ga),
the Middle (2.1–1.8 Ga), and the Late Proterozoic (1.8–1.6 Ga). The Late Archean and the Middle Proterozoic
epochs are the most favourable for the gold mineralization; the Early and Late Proterozoic epochs — for uranium; the
Late Archean Bilozerske (3.0–2.98 Ga) and Early Proterozoic Kryvyi Rig (2.3–2.1 Ga) and Frunze (near 2 Ga) stages
were more favourable for iron ores; and the Middle-Late Proterozoic epochs — for rare-metal mineralization.

Introduction. Exploration and use of the deposits of gold, uranium, iron ores, REE and other
raw materials, which are connected within Precambrian metamorphic, magmatic, and meta-
somatic rocks of the Ukrainian Shield (USh) are very important for Ukrainian geology. The
geological history of the Earth is characterised by metallogenic specialization of the main
tectonic epochs and stages. So, the main deposits of iron ores are known in Early Protero-
zoic, uranium — in Middle Proterozoic, and gold deposits are developed in two time-levels
of the USh — Upper Archean and Middle Proterozoic. For example, the world deposits of
copper, tin, tungsten, lead, zinc, mercury, antimony are developed preferentially in Phane-
rozoic; uranium and iron — in Proterozoic, and gold — in Late Archean and Mesozoic. For
Early Proterozoic of the USh the deposits of molybdenum and graphite are also characte-
ristic, such as the deposits of rare metals (Sc, Y, REE and so on), the sites of molybdenum
and nickel — for Middle Proterozoic, and the deposits of titanium, chromium, beryllium,
gemstone and the sites of molybdenum, graphite, and nickel — for Late Proterozoic.

And so, the definition of metallogenic epoch of the ore formation origin has a big
importance to common estimation of ore potential. One of the main problems of study of all
types of deposits is the problem of periodicity of ore-forming processes, timing of geological
and metallogenic events [1, 2, 7, 14]. This is also true for the USh, the periodicity of which
is showed in this article.

Metallogenic epochs and stages in the Precambrian of the Ukrainian Shield. There are
six metallogenic epochs with special host rocks and ore formations in the Precambrian of
the USh [20–26]. We consider metallogenic epoch as an interval of geological time, when
the association of ore-bearing magmatic and other formations, which correspond to ore-
forming tectono-magmatic cycle (TMC), was formed. Their beginning usually corresponds
to sedimentation and volcanism, and their end — to magmatic and metamorphic events.
Endogenous ore-forming processes usually accompany all these processes. It is differentia-
ted within the main structural zones or megablocks of the USh: the North-West, the Ros-
Tikich, the Dniester-Bug, the Ingul-Ingulets, the Middle Peri-Dnieper, and the Peri-Azovian.

The Early Archean epoch (3.8–3.4 Ga) in the Middle Peri-Dnieper megablock corre-
sponds to granulite-gneiss association (Auly series). It is represented by intensively meta-
morphosed, granitized amphibolites, gneiss, basic crystalloschists, and iron quartzites, oc-
curring as xenolites in plagiogranite of the Dniepropetrovsk complex. Ore deposits, which
are connected within these rocks, have not been found.

In the Dniester-Bug region this epoch is represented by the rocks of the Dniester-Bug
series, granitoides of the Gaivoron complex, and also by the complex of basic and ultrabasic
rocks. The Dniester-Bug series is composed of diverse gneiss (biotite-pyroxene, amphibole-
pyroxene, biotite-garnet, two-pyroxene, etc.), pyroxene-plagioclase crystalloschists, and
calcifires. These rocks lie as relics and xenolites inside charnokites and enderbites of the
Haisyn complex and granitoides of the Berdychiv complex. All of them are intensively
metamorphosed (up to amphibolite and granulite facies) and have no economic potential in
regard to exploration of metal deposits. From this point of view more interesting are hyper-
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basic massifs with deposits and sites of chromites and high concentration of Ni, Co, V,
platinum, although a small size of these massifs can have no possibility for forecast big deposits
of chromites [5].

In the Peri-Azovian megablock this epoch is represented by the rocks of Novopavlivka
complex and accommodating surrounding gneiss of the West Peri-Azovian series [6]. They are
host rocks for iron-ore deposits and sites (Kuksungur, Lypovenky and others).

The Middle Archean epoch (3.4–3.1 Ga) is developed locally in the Middle Peri-Dnieper
and the Peri-Azovian megablocks. The ore occurrences of this epoch are hosted to the rocks of
the Konka series, which were metamorphosed in greenschist and epidot-amphibolite fascias;
and also greenstone structures of the Peri-Azovian megablock [26]. Some small deposits of iron
quartzite, for example, Chortomlyk deposit with reserves of 1 mlrd t of ore, are related within
the first one. They are formed during the Konka stage (3.15 Ga). Probably, the beginning of
the ore-forming process of the gold deposits of some greenstone structures is connected with
this time, in particular, the accumulation of gold-sulfide-iron ores Balka Shiroka). The Konka
series are cut by plagiogranites of the Dniepropetrovsk complex, the isotopic age of which is
about 3.0 Ga.

Therefore, the Early and Middle Archean epochs develop locally on the USh. They
consist only small iron-ore deposits and isolated sites of gold. However, they develop widely
within other Precambrian cratons [8, 11]. At this time the deeply metamorphosed cores of the
Precambrian shields, such as granite-gneiss series Kasila, Dabola, Man of West Africa; Predharvar
complex of the Indian Shield; Cola series of the Baltic Shield; gneiss Amitsok of the Greenland
Shield; granite-gneiss complexes Rupununi, Imataka, Ile-de-Kayena of the Guyana Shield
(3.7–3.2 Ga), gneiss Narryer of the West-Australian Shield (3.65–3.3 Ga), etc. were formed.
Some  ancient   greenstone  belts   had  began their forming, such as Isua in Greenland (3.7–
3.8 Ga); Barberton and Murchison in South Africa, which are composed of Swaziland super-
groupe (3.6–3.2 Ga); Shamva-Harare, Mutare and others in Zimbabwe, composed of the
Sebakwaian series (3.5 Ga), greenstone belts of the West-Australian Shield, composed of
Warrawoona (3.47–3.32 Ga), Wyman (3.32–3.27), Gorge Creek (3.27–3.14), Whim Creek
(3.14–3.09), and Luuk Kreek (2.8) groups. Some deposits of gold, iron, manganese, platinum,
chromium, asbestos and so on are related within these structures [11]. At the end of this stage
several complexes of anorthosites were formed, for example, the complex Fiskenesset in Green-
land (3.03 ± 0.02 Ga) with the sites of chromium ores.

The Late Archean epoch (3.1–2.6 Ga), which corresponds to the Konka-Verkhivtsiv tec-
tono-magmatic cycle, is widely spread in the USh. At that time in the Ros-Tikich region the
metamorphic rocks of Ros-Tikich series, iron-siliceous volcano-sedimentary formation (Volo-
darsky magnetic anomalies), and small intrusions of the Tetiiv and Yuriiv complexes were
forming [26].

In the Dniester-Bug region this epoch is represented by garnet-biotite, garnet-sillimanite,
and graphite gneiss, calciphyre, quartzite, and crystalline schist of the Bug series. The graphite
gneiss of the Zavallya ore-field has an economic importance.

In the Middle Peri-Dnieper megablock the metamorphic rocks of Bilozerske and Tepliv-
ka suites and also granitoides of Sura-Tokivske complex are formed [15]. The accumulation of
gold-base metal ores has been carried out in the Chortomlyk structure during this epoch. At
the same time the rocks of the East-Annivka iron-siliceous suite were formed. Numerous
deposits and sites of iron ores are connected with Bilozerske (3.0–2.98 Ga) and East-Annivka
(2.6 Ga) metallogenic stages; and gold deposits are formed within granite-greenstone struc-
tures.

Inside Peri-Azovian megablock the Central Peri-Azovian series (various gneiss, crystal-
line schist, amphibolites, carbonate rocks, and quartzite) and charnockites of the Tokmak
complex (2.6 Ga) belong to this epoch.

So, the Late Archean epoch is widely represented by gold (Sergiivske, Balka Zolota,
Yuzhne, Balka Shiroka and so on), chrome and iron deposits, sites of Ni and Mo. It corre-
sponds to the Belomorian (Baltic Shield), Liberian (West Africa) and Hurian (Guyana Shield)
cycles, Dharvar complex (India), Kalgoorli supergroupe (Australia). The last (2760–2640 Ma)
composes several greenstone belts (Willuna-Norseman) and related gold deposits (Kalgoorli,
Coolgardie, Norseman, Willuna, Gwalia, Yilgarn, etc.), and also copper-nickel ores (deposits
Kambalda, Windary, Mount Keit, Perseverness). At that time amphibolites, crystalline schist,
quartzites of the Tundra series with deposits of quartz-hyperstene-magnetite ores are accumu-
lated on the Cola Peninsula; on the Canadian Shield series of the greenstone belts (Abitibi,
Kivatin, Yellowknife and others) with deposits of gold [8, 10] (Porqupain, Kirkland Lake, Kerr
Addison, Malartic, Lamaque, Giant Yellowknife, Discovery and others), pyrite sulfide ores
(Noranda, Kiddy Creek, Horn, East Sullivan, Mattagany Lake, etc.), iron ores formations
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(Mishypikoten, Mouse Mountain, Step Rock) were forming. Intrusive complex Stillwater with
copper-nickel (and passing Cr-Co) mineralization time for boundary between Archean and
Proterozoic (2.45 ± 0.21 Ga). In the Indian Shield several greenstone belts (Dharvar, Seringa-
natan, Sargour), composed of greenstone formations of the Bababudan group (2.6–2.9 Ga)
were also forming. They include some deposits of gold (Kolar, Hatti, Ramagiry), and iron
quartzite (Kudremukh, Majurbkhanj, Durg). The largest paleoplacer gold deposits are hosted
within Witwatersrand supergroup in South Africa. The gold deposits were also forming in
connection with arising of Zimbabwean greenstone belts, which are composed of the Bulaway-
an (2.9–2.7) and Shamvaian (2.7–2.5 Ga) series [8]. Archean magmatism of Zimbabwean
Craton finished with intruding of the Great Dyke (2.53 ± 0.03 Ga) with unique deposits of
chromspinelides and platinoides.

The Early Proterozoic epoch (2.6–2.1 Ga) in the North-Western megablock coincides with
forming of metamorphic rocks of the Teteriv series and volcanic rocks of the Novograd-
Volynsky stratum, with the sites of graphite (Burtyn) and sulfide-base metal (Verivka) within
calcifir of the Kocheriv suite [5]. Metamorphic rocks of the Ingul-Ingulets series are formed
during that epoch in Ingul-Ingulets region. In the Middle Peri-Dnieper megablock this epoch
is characterised by arising of the Kryvyi Rig-Kremenchuk structure and stratas of the Saksagan
series. The rocks of the Kryvyi Rig iron-siliceous formation developed locally, but they include
major iron-ores deposits of Ukraine. In the Peri-Azovian megablock metadacites and metaandes-
ites of the Gulyaipole suite and enderbites of the Tokmak complex appeared.

Therefore, during the Early Proterozoic epoch the processes of sedimentation were a
more developed, less — volcanic processes, and intrusive events were practically absent. That
epoch finished with a strong metamorphic event, which stipulated appearing of diverse gneiss,
crystalline schist, migmatites, and also iron-ores deposits. We cannot exclude the possibility of
destruction of isolated deposits (for example, deposits of gold and uranium inside Kryvyi Rig-
Kremenchuk zone), affected by metamorphism. The Early Proterozoic epoch, which corre-
sponded to the Kryvyi Rig TMC, was developed locally, but major iron (Kryvbas) deposits of
Ukraine were formed at that time. At the same time the sites of uranium (Skelevatka suite)
occur.

This epoch corresponds to Karelian (Baltic Shield) and Huronian (Canada) cycles, Nul-
lagine series (Australia). The latter is hosted for deposits of gold and iron-ores. On the Baltic
Shield  at  that  time   accumulated volcano-sedimentary stratas of the Pechenig series (2.8–
2.1 Ga), accompanied by layered gabbro-norite-peridotite intrusions. They are hosted for
deposits of kyanite schist, iron quartzite, sulfur-pyrite-copper ores, sulfide copper-nickel ores.
In the Canadian Shield the iron-ores deposits of the Superior Province, uranium — Elliot Lake
(Blind River), and paleoplacer sites of gold are related within conglomerates of the Huronian
series (2.29 ± 0.09 Ga) [18]. Simultaneously, the greenstone structures are formed, hosted for
massive zinc-copper (with gold) ores of the Flin Flon deposit in Manitoba. In the Black Hill
Province disseminated gold mineralization (Homestake) is placed within Proterozoic schist.

The Middle Proterozoic epoch (2.1–1.8 Ga) is widely developed in all regions of the USh.
In the North-Western region this epoch (2.1–1.975 Ga) is characterised by different minera-
lization. The rocks of the Klesiv series, granitoides of the Berdychiv, Zhitomyr, and Osnytsya
complexes, nickel-bearing gabbro intrusions of the Buky complex occurred [5]. Four metallo-
genic stages are distinguished here: Klesiv, Buky, Zhitomyr, and Berdychiv. They were formed
approximately at the same time, but in different conditions and are distinguished by different
metallogeny. During the Klesiv stage the Klesiv series and granites of the Osnytsya complex
(2.02–1.99 Ga) were formed. Sometimes, the small granite intrusions, namely fluorite-bearing
Mukhariv an Novograd-Volynsky (1.965 Ga), are attributed to this complex. During the Buky
stage (2.02–1.93 Ga) nickel-bearing gabbro intrusions of Buky, Kamyanka, Prut and other
complexes were formed. Zhitomyr (2.08–2.06 Ga) and Berdychiv (2.06 Ga) stages correspond
to intruding of granitoides complexes, which have not a big potential with regard to endoge-
nous mineralization, although some deposits of abrasive garnet are known within Berdychiv
granite, and sites of monazite — within Zhitomyr granite.

In the Ros-Tikich region this epoch (2.14–2.05 Ga) is characterised by forming of granite
of the Uman and Stavyshchen complexes. In the Dniester-Bug region the granites of Kirovo-
grad-Zhitomyr complex (2.05–1.97 Ga), aplites, aplite-pegmatite granites, and a high-tem-
perature metasomatites were arising. Several uranium and gold deposits of K-formation, which
are united in the space and closed in time (Pervomaysk uranium and Savran gold fields) were
formed. This epoch is divided in two stages: Pervomaysk (2.05–1.963 Ga) and Kirovograd
(1.97–1.975 Ga). During the first one the uranium deposits were formed and during the
second — the gold deposits.

In the Ingul-Ingulets region this epoch is characterisedby wide developing of essentially
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potassic granite of the Kirovograd complex (2.1–1.98 Ga). It is divided into two stages: intru-
sion (2.1–2.02 Ga) and veining (2.02–1.98). Emplacement of the gold mineralization (Klyntsi
type) is related within the latter.

In the Middle Peri-Dnieper block in the linear Kryvyi Rig-Kremenchuk structure the
formations of the veining stage are also developed. They are essentially potassic pegmatite
granites and pegmatites of the earlier stage, frequently with rare metal specialization, and
sodium uranium-bearing metasomatites of the late stage with occurrences of Sc, Y, Yb, Ba, Sr,
and so on.

The granitoides of the Kirovograd stage are also present in the Peri-Azovian region, where
sodium metasomatism is manifested too, accompanied by the albitetes (1.936 Ga) with thori-
um specialization. The granitoides of the Khlibodarivka, Dmytrivka, and Anadol complexes
(2.09–1.936 Ga) are widely developed. Two metallogenic stages are clearly distinguished: early
granite (2.029–2.090 Ga) and late albitite (1.936 Ga). Probably, the carbonatites of the Chernigiv
complex of alkali-ultrabasic formation are also related to the early stage.

Therefore, during the Middle Proterozoic epoch, which corresponds to the Kirovograd
TMC, numerous deposits and sites of the USh was formed. In the North-Western region it was
sulfide — base metal ores (Veriv site), gabbro and ultramafic rocks of nickel-bearing formation.
In the Dniester-Bug region the deposits of gold and uranium, related with potassic aplite-
pegmatite granites and metasomatites (Pervomaysk type) were formed. In the Ingul-Ingulets
megablock the gold deposits of Klyntsi type were formed during the veining stage of the
Kirovograd granite complex; and the formation of uraniferous albitites began on the boundary
of the Middle and Late Proterozoic epochs.

This epoch corresponds to the Eburnean (West Africa) and Transamazonian (Guyana and
Brazil Shield) cycles, when the series of greenstone structures and related gold deposits (Obua-
si, Bibiani, Loulo, etc. in the West Africa [16, 17]; El Kalao, Omai, Sent Pierre, Dorlin on the
Guyana Shield; Morro Velho, Racozos, Passagem on Brazilian Shield) were formed. Gold-
bearing molassic series Tarkwa occurred in West Africa, and analogous series Roraima — on
the Guyana Shield, and Jacobina — on the Brazil Shield, where also unique iron-ores deposits
were accumulating. Bushveld complex of South Africa with unique deposits of platinum,
chromium, iron-titanium-vanadium, and sulfide copper-nickel ores, nickel-bearing massif
Sudbery in Canada (approximately 2.0 Ga) intruded. Unique deposits of copper-pyrite and
base metal ores (Broken Hill, Mount Isa) are hosted within Proterozoic geosyncline complexes
of West Australia.

The Late Proterozoic epoch (1.8–1.6 Ga) in the North-Western megablock includes two
stages: Pugachivka (1.8–1.745 Ga) and Ovruch (1.745–1.385 Ga). During the first one the
complicated Korosten pluton, composed of magmatic rocks of fourth stages, intruded [5, 27],
and the deposits of gemstone (chamber pegmatites) and titanium arose. In the exterior parts of
the granite massif high temperature potassic beryllium metasomatites of the Perga zone, and
volcanic rocks of the Ovruch-Vilcha depression were formed. The gold mineralization is known
within the quartz porphyry of the Vilcha strata. At the end of the epoch the accumulation of
supracrustal volcano-sedimentary deposits of the Ovruch series began. In the Ingul-Ingulets
region this epoch (1.81–1.72 Ga) is divided into two stages: albitite and anortozite-rapakivi-
granite. The first one is characterised by intensive processes of alkali metasomatose that re-
duced to forming of the numerous deposits of uranium (1.81–1.77 Ga). The gold mineraliza-
tion is related within the secondary quartzites. The development of this block finished with
forming of the Korsun’-Novomyrgorod pluton, composed of the anortozite-rapakivi-granite
formation (1.75–1.72 Ga). The deposits of titanium and, possibly, gemstone are also connect-
ed with this pluton.

In the Peri-Azovian megablock this epoch continues a short time (1.8–1.79 Ga), but is
characterised by diversity of the rocks and types of ore mineralization. It is represented by
granites of the Kamyana Mogyla complex; gabbro, granodiorites, and monzonites of the South-
Kalchyk complex; alkali rocks of the Oktyabrsky massif, often with intensive rare metal min-
eralization.

Therefore, the Late Proterozoic epoch is characterised by intensive potassic metasoma-
tose, which preceded the forming of the Korosten and Korsun’-Novomyrgorod plutons, and
stipulated the uraniferous albitites forming. They host several uranium deposits in the Ingul-
Ingulets region and Kryvyi Rig-Kremenchuk zone. Albitites are subdivided in apogranite,
apogneiss, aposchist, etc. Iron quartzites can be replaced by egyrinites. Numerous deposits of
titanium, gemstone, rare metal mineralization are associated within anorthosites of the Koros-
ten and Korsun’-Novomyrgorod plutons. This epoch corresponds to the Gotian stage of the
Northern Europe.

SHCHERBAK D. M. et al.



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/3 69

The stages of forming of the Precambrian ore deposits. Gold. Three productive gold epochs
are distinguished in the Precambrian of the USh (Table 1) [19]. The time-boundaries of the
early epoch are determined by isochronous method on zircon from the initial rocks of the
Konka series, and the late — from granites and plagiogranites of the Sura-Tokivka complex,
cut by initial rocks. The first one is connected with Konka-Verkhivtsiv stage of gold accumu-
lation (3.09–2.7 Ga). Its lower boundary is studied by isochronous method on zircon from
metadacite porphyry of the Solonivka suite near Sergiivka deposit. The deposits of this stage are
usually located within volcano-sedimentary rocks of greenstone structures in the Middle Dnieper
(Konka, Bilozersk, Chortomlyk, Verkhivtsiv, Bilozerske, Tokmak, Derezovatka) and Peri-
Azovian (Sorokyne) blocks [4]. All structures have a certain potential with regard for the gold
mineralization, but occurrences of gold were actually found in isolated structures only. Gold
mineralization is always accompanied by metasomatic processes: listwanitization, beresitiza-
tion, sometimes — by alkali-feldspar metasomatism [13]. The time of gold mineralization was
studied by syngenetic galena from Sergiivka and Balka Shiroka deposits, where two generations
of galena age 2.9 ± 0.2 and 2.6 ± 0.2 Ga are described.

We know only separate signs of the gold mineralization within the conglomerates of
the Skelevatka suite (Kryvyi Rig series) from the rocks of the Early Proterozoic epoch
(2.6–2.1 Ga).

The Middle Proterozoic epoch (2.1–1.8 Ga) includes two auriferous stages: Pervomaysk
(2.05–1.963 Ga) and Kirovograd (1.97–1.975 Ga). The forming of the Mayske deposit [3] and
several sites (Savran ore field) correspond to the first one. The hosted biotite gneiss, plagiogran-
ites, and plagiomigmatites (age about 2.0 Ga) are cut by numerous veinlets of aplites (2.05 Ga)
and essentially potassic pegmatite granites (1.963 Ga) [29]. Besides that, zones of intensive
biotitization and silicification, which are related with gold mineralization, are observed. Some-
times, pegmatite granites pass into high temperature metasomatites without quartz. Similar
veined granitoides are developed southerly, in the region of Pervomaysk, where they compose
vast fields. Therefore, this process has a regional significance and, possibly, is one of the main
ore-controlled factors of the gold mineralization.

The gold deposits and sites of the Klyntsi type were formed during the Kirovograd stage
inside the Kirovograd and Zvenygorod-Annivka tectonic zones. The most potential are Yuri-
ivske and Klyntsi deposits [28]. Their age by isochronous method on zircon from intensively silicified
aplite-pegmatitic granite and quartz-feldspar veinlets is 1.975 ± 0.05 and 1.970 ± 0.01 Ga corre-
spondingly. Isotopic research of sulfides from auriferous sections of the Klyntsi and Yuriiv ore
fields suggest their age is approximately to 2.0 ± 0.15 Ga.

Therefore, two Precambrian metallogenic epochs of the USh are the most favourable for
the gold mineralization: the Late Archean (mineralization is connected with greenstone belts);
the Middle Proterozoic (mobile belts with basic igneous rocks in subduction zones, granite
magmatism of areas of tectono-magmatic activation, orogenous and collision zones, volca-
no-plutonic belts, areas and linear zones of activation of the older structures).

Uranium. There are two metallogenic epochs and three stages, favorable for accumulation
of uranium and forming of deposits in the Precambrian geological history of the USh (Table 2).
More ancient manifestations of the uranium mineralization occur within the conglomerates of
the Skelevatka suite of the Kirovograd series. By their geological structure and composition
they are similar to the deposits of the gold-uranium conglomerates of the Witwatersrand and

Table 1. Metallogenic epochs and stages of gold mineralization in the Precambrian of the USh, Ga

Epoch Stage Country rocks Ore-bearing rocks Structural control
Passing

ore
form.

Late
Proterozoic
(1.8–1.6)

Korosten
(1.77–1.745)

Quartz porphyry
(1.77–1.745)

Low temperature
metasomatites

Vilcha depression

Middle
Proterozoic
(2.1–1.8)

Kirovograd
(1.97–1.975)

Pervomaysk
(2.05–1.963)

Aplite-pegmatate
granites

(1.97–1.975)
Biotite gneiss

Aplite, pegmatite
granite

(2.05–1.963)

Gold-bearing quartz,
quartz-sulfide veins

(1.97–1.975)
Potassium pegmatoic

granites (1.963)

Kirovograd,
Zvenygorod-
Annivka faults

Linear faults of the
Savran ore field

U-Na

U-K

Late Archean
(3.1–2.6)

Konka-
Verkhivtsiv
(3.09–2.7)

Volcano-
sedimentary rocks
of greenstone belts

(3.1–2.7)

Beresites, listvenites
(2.7  0.2)

Greenstone belts of
the Middle Peri-
Dnieper and Peri-
Azovian blocks
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Blind River. Mikolo-Kozelsk, Ingulets, Rakh-
manivka, Yugokivsky, and Chervonoarmiysk
sites, which were formed during the Kryvyi Rig
stage (2.3–2.1 Ga), are located inside Kryvyi
Rig-Kremenchuk zone. The content of urani-
um (which is present preferentially within con-
glomerates cement) does not exceed one hun-
dredths of a per cent.

The  Middle   Proterozoic   epoch (2.1–
1.8 Ga) was the most productive. It is subdivi-
ded into two stages: Pervomaysk (2.0 ± 0.05 Ga)
and Kirovograd (1.81–1.78 Ga) stages. During
the former the aplite-pegmatite granites, essen-
tially potassic pegmatites, and high-temperature
potassic metasomatites were formed in the Peri-
Bug uraniferous region of the Dniester-Bug
megablock, with related deposits of K-U for-
mation: Lozovatka, Pivdenne, Kalynivka. The
isotopic age of the rocks by U-Pb method on
uraninite and K-Ar method on biotite is 2.0 ±
±0.5 Ga.

Kirovograd stage, when uranium-bearing
sodium metasomatites were formed, was the
most productive with regard to uranium accu-
mulation [9]. The process of forming of the ore-
bearing albitites is a repair for the upper boun-
dary of the Middle Proterozoic epoch on the
USh. Uraniferous sodium metasomatites are
widely spread in the Kryvyi Rig-Kremenchuk
zone, Ingul-Ingulets and North-Western
megablocks.

Zhovta Richka and Pervomaysk deposits
of the North Kryvyi Rig uraniferous zone are an
example of the high temperature sodium meta-
somatos, affected by the rocks of iron-siliceous
formation. Numerous uranium deposits and sites
of the Ingul-Ingulets megablock have a great
significance for the Ukrainian uranium indus-
try. They are controlled by Kirovograd, Novo-
kostyantynivka, Zvenygorod-Annivka, Adabas-
ka, and Aprelivka-Litnya tectono-metasomatic
zones.

Albitites are also described in the North-
Western megablock. They are localized here
within tectono-metasomatic zones within gra-
nitoides of the Kirovograd-Zhitomyr complex.
By their composition and geological structure
they are similar to Ingul-Ingulets albitites and
considered as potentially uraniferous, although
no deposits or important sites of uranium are
known here.

Therefore, the uranium deposits were
formed preferentially during the Early and Late
Proterozoic epochs. Archean is the time of dis-
semination processes with regard for uranium
mineralization, and the main deposits of urani-
um was formed in connection with Proterozoic
intrusions of the pegmatite granite and high-
temperature alkali metasomatic rocks, especial-
ly  uranium-bearing   albitites of Kirovograd
stage — the main uraniferous base of Ukraine.
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Iron ores. The deposits and sites of iron ores were formed during almost all geological
history of the USh [12]. There are four metallogenic epochs most favourable for forming of the
iron ores deposits in the Precambrian of the USh [18]: the Early, the Middle, and the Late
Archean, and the Early Proterozoic. They are distinguished by eight stages: Novopavlivka,
Kosyvtseve, Konka, Bilozerske, Gulyaipole, East-Annivka [18], Kryvyi Rig, and Frunze. The
most productive are Bilozerske, Kryvyi Rig, and Frunze stages (Table 3).

More ancient iron-siliceous formation of the Novopavlivka complex arose in the Early
Archean epoch. The ores relate to the iron-siliceous-eulysite formation — the high aluminise
rocks of granulite metamorphic facies. Their thickness is limited by several meters (rarely up to
ten meters).

The Middle Archean epoch is represented by early Kosyvtseve iron-metabasite formation
with upper age-boundary 3.31 Ga (by the age of the quartz diorites of the Dobropillya com-
plex) and the late Konka iron-siliceous-metabasic formation (3.15 Ga).

The Late Archean epoch includes three stages. The Bilozerske stage (3.0–2.98 Ga) is
represented by Bilozerske iron-siliceous-leptite formation, where significant reserves of iron
ores are known. Gulyaipole stage (2.85 Ga) corresponds to iron-siliceous-leptite formation,
similar to Bilozerska. The Late Archean epoch finishes with East-Annivka stage with iron-
siliceous-metabasite formation, the upper age-boundary of which is fixed by isotopic method
on cutting plagiogranite.

Early Proterozoic epoch subdivides into two stages: Kryvyi Rig (2.3–2.1 Ga) and Frunze
(2.0 Ga), or accumulation of the Kryvyi Rig iron-siliceous-schist and Frunze iron-siliceous-
clastic formations.

Therefore, the processes of forming of the iron ores continued practically during all
metallogenic epochs, but the most favorable for iron ores were Late Archean Bilozerske stage
(3.0–2.98 Ga) and Kryvyi Rig (2.3–2.1 Ga) and Frunze (near 2 Ga) stages of the Early
Proterozoic epoch.

Rare metal mineralization. Early and Middle Archean epochs had no perspectives for
forming rare metal mineralization [20]. Only small sites, related with monazite-bearing gra-
nites of the Dniester-Bug megablock and orthite-bearing metasomatites of the Middle Peri-
Dnieper megablock, occur.

The Late Archean epoch corresponds to two stages: early Konka-Verkhivtsiv and late
Tokivske. The first one is characterized by rare metal specialisation (Mo, Pb, Bi) of the volca-
no-sedimentary rocks of the greenstone structures of the Middle Peri-Dnieper and Peri-Azovian
megablocks. The granites of the Demurine and Tokivske types (2.85–2.7 Ga), which are
accompanied by rare metal mineralization (REE, Mo, Th), are related with Tokivske stage.

The Early Proterozoic epoch is poor for rare metal mineralization. Sometimes, the heigh-
tened content of Ge is observed in the certain iron quartzites of the Right-Bank region, where
wolframite and sheelite mineralization are also described in the tectonic zones. They are
formed in the crystalline schist and gneiss and accompanied by the heightened content of Mo,
Cu, Pb, Co, Bi.

Table 3. Metallogenic epochs and stages of iron mineralization in the Precambrian of the USh, Ga

Epoch Stage Ore formation Structural-litological control
Passing ore

form.
Frunze

2.0
Kryvyi Rig-Kremenchuk
zone, Gdansevska suite
(Kryvyi Rig series)

Pegmatite-
rare metalEarly

Proterozoic
(2.6–2.1) Kryvyi Rig

2.3–2.1
Iron-siliceous-
schist

Kryvyi Rig-Kremenchuk
zone, Saksagan series

East-Annivka
2.615

Iron-siliceous-
metabasite

East-Annivka band

Gulyaipole
2.85

Iron-siliceous-
leptite

Western Peri-Azovian
region, Gulyaipole suite

Late Archean
(3.1–2.6)

Bilozerske
3.0–2.98

Iron-siliceous-
leptite

Bilozerske, Konka,
Verkhivtsiv regions,
Bilozerske suite

Konka
3.15

Iron-siliceous-
metabasite

Greenstone structures of the
Middle Peri-Dnieper region,
Konka suite

Auriferous
Middle
Archean
(3.4–3.1) Kosyvtseve

3.323
Iron-metabasite Greenstone Kosyvtseve

strata, Western Peri-
Azovian

Early Archean
(3.8–3.4)

Novopavlivka
3.65–3.4

Iron-siliceous-
evlyzite

Orikhiv-Pavlograd zone,
Novopavlivsk complex
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The Middle Proterozoic epoch is characterized by forming of numerous rare metal and
rare earth deposits, which are connected with earlier and latest stages of development of the
mobile zones. Two stages are distinguished: early Pervomaysk and late Kirovograd. The for-
ming of potassic pegmatite and metasomatite with a heightened content of La, REE, Bi, Tl, Th
is related with the first one. The second stage is characterised by intensive development of the
sodium metasomatose, accompanied by addition of Y, La, Th, Sc, sometimes Nb, Ta, Sr, V.
Big concentrations of these elements are achieved in the deposits of iron-uranium formation
(Zhovta Richka deposit). A heightened concentration of Li is often related with pegmatites of
this stage. The most perspective have the petalite-spodumene pegmatites of the north-western
frame of the Korsun’-Novomyrgorod pluton, where besides Li also Nb, Ta, and Cs are present.

In the Late Proterozoic epoch the rocks of the Korosten and Korsun’-Novomyrgorod
plutons, the massifs of alkali and nepheline syenites, which comprised rare metal deposits,
were formed. Zr-REE ores are usually related with alkali syenites, Zr-Ta ores — with nepheline
syenite and P-REE-RM mineralization — with carbonatites. All these types of ore mineraliza-
tion develop preferentially in the Peri-Azovian megablock.

Rare metal deposits, hosted in metasomatites (alkaline greisen, etc.), were formed into
the zones of tectono-metasomatic activation. So, the Perga deposit of beryllium was formed
because of the process of high temperature potassic metasomatos. Their ores are characterized
by high content of Nb, Ta, Sr, REE.

Conclusion. There are six metallogenic epochs with special host rocks and ore formations
in the Precambrian of the USh. The ore formations of the Early (3.8–3.4 Ga) and the Middle
Archean epoch (3.4–3.1 Ga) developed locally. They consist only of small iron-ore deposits
and isolated sites of gold. They correspond to the Cola (Baltic Shield) and Leonian (West
African Craton) cycles, Pre-Dharvar complex (Indian Shield), Swaziland supergroup of Kaapval
Craton, and Worrawuna series (West Australia).

The Late Archean epoch (3.1–2.6 Ga) which corresponds to the Konka-Verkhivtsiv
TMC is widely represented by gold (Sergiivske, Balka Zolota, Yuzhne, Balka Shiroka), chrome
and iron deposits, sites of Ni and Mo. It corresponds to the Belomorian (Baltic Shield),
Liberian (West Africa) and Hurian (Guyana Shield) cycles, Dharvar complex (India), Witwa-
tersrand (South    Africa)  and  Kalgoorli (Australia)  supergroup. The  Early Proterozoic epoch
(2.6–2.1 Ga) which corresponds to the Kryvyi Rig TMC developed locally, but major iron
(Kryvbas) and graphite (Zavallya ore-field) deposits of the Ukrainian were formed at that time.
Also some sites of U appeared at that time (Skelevatka suite). It corresponds to the Karelian
(Baltic Shield) and Huronian (Canada) cycles, Nullagine series (Australia). The Middle Pro-
terozoic epoch (2.1–1.8 Ga) which corresponds to the Kirovograd TMC was enriched by
deposits of U, Au (Mayske, Yuriivske, Klyntsi), Fe, Ni, Cr, etc. It corresponds to the Ebur-
nean (West Africa) and Transamazonian (Guyana and Brazil Shields) cycles. In the Late
Proterozoic epoch (1.8–1.6 Ga) Korosten and Korsun’-Novomyrgorod plutons with deposits
of titan and gemstones and rare metal deposits were formed. At the end of this epoch the
accumulation of supracrustal volcano-sedimentary deposits of Ovruch series began. It corre-
sponds to the Gotian cycle of the Northern Europe.

Therefore, two Precambrian metallogenic epochs of the USh are the most favourable for
the gold mineralization: the Late Archean (mineralization is connected with greenstone belts);
the Middle Proterozoic (mobile belts with basic igneous rocks in subduction zones, granitic
magmatism of tectono-magmatic activation, orogenous and collision zones, volcano-plutonic
belts, zones of activation of the older structures). Uranium deposits were formed preferentially
during the Early and Late Proterozoic epochs. Archean is the time of dissemination processes
with regard to uranium mineralization, and the biggest deposits of uranium were formed in
connection with Proterozoic intrusions of the pegmatite granite and high-temperature alkali
metasomatic rocks, especially uranium-bearing albitites of the Kirovograd stage — the main
uraniferous base of Ukraine. The processes of forming of the iron ores continued practically
during all metallogenic epochs, but more favourable for iron ores was Late Archean Bilozerske
stage (3.0–2.98 Ga) and Kryvyi Rig (2.3–2.1 Ga) and Frunze (near 2 Ga) stages of the Early
Proterozoic epoch. Rare-metal mineralization began only in the Late Archean epoch, conti-
nued in the Early Proterozoic epoch, and maximally developed in the Middle-Late Proterozo-
ic epochs. The processes of forming of rare-metal deposits are determined by intrusion of
Berdychiv and Zhitomyr granite (Middle Proterozoic) and anorthosite-rapakivi-granite plu-
tons and alkali intrusions (Late Proterozoic).
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ÐÅÇÞÌÅ. Â äîêåìáðèè Óêðàèíñêîãî ùèòà âûäåëåíû øåñòü ìåòàëëîãåíè÷åñêèõ ýïîõ ñ õàðàêòåðíûì íàáîðîì
ðóäíûõ ôîðìàöèé è âìåùàþùèõ ïîðîä: ðàííå- (3,8–3,4 ìëðä ëåò), ñðåäíå- (3,4–3,1) è ïîçäíåàðõåéñêèå (3,1–
2,6); ðàííå- (2,6–2,1), ñðåäíå- (2,1–1,8) è ïîçäíåïðîòåðîçîéñêèå (1,8–1,6 ìëðä ëåò). Äëÿ çîëîòîðóäíîé
ìèíåðàëèçàöèè íàèáîëåå áëàãîïðèÿòíû ïîçäíåàðõåéñêàÿ è ñðåäíåïðîòåðîçîéñêàÿ ýïîõè, äëÿ óðàíîâîé —
ðàííå- è ïîçäíåïðîòåðîçîéñêèå, äëÿ îáðàçîâàíèÿ æåëåçíûõ ðóä — ïîçäíåàðõåéñêèé áåëîçåðñêèé ýòàï (3,0–
2,98 ìëðä ëåò), à òàêæå êðèâîðîæñêèé (2,3–2,1) è ôðóíçåíñêèé (îêîëî 2 ìëðä ëåò) ýòàïû ðàííåïðîòåðîçîéñêîé
ýïîõè; ðåäêîìåòàëëüíîå îðóäåíåíèå äîñòèãëî ìàêñèìóìà â ñðåäíå- è ïîçäíåïðîòåðîçîéñêóþ ýïîõè.

ÐÅÇÞÌÅ. Ó äîêåìáð³¿ Óêðà¿íñüêîãî ùèòà âèä³ëåíî ø³ñòü ìåòàëîãåí³÷íèõ åïîõ ç õàðàêòåðíèì íàáîðîì ðóäíèõ
ôîðìàö³é ³ âì³ùóþ÷èõ ïîð³ä: ðàííüî- (3,8–3,4 ìëðä ðîê³â), ñåðåäíüî- (3,4–3,1) ³ ï³çíüîàðõåéñüê³ (3,1–2,6);
ðàííüî- (2,6–2,1), ñåðåäíüî- (2,1–1,8) ³ ï³çíüîïðîòåðîçîéñüê³ (1,8–1,6 ìëðä ðîê³â). Äëÿ çîëîòîðóäíî¿
ì³íåðàë³çàö³¿ íàéá³ëüø ñïðèÿòëèâèìè º ï³çíüîàðõåéñüêà ³ ñåðåäíüîïðîòåðîçîéñüêà åïîõè; äëÿ óðàíîâî¿ —
ðàííüî- ³   ï³çíüîïðîòåðîçîéñüê³,  äëÿ óòâîðåííÿ çàë³çíèõ ðóä — ï³çíüîàðõåéñüêèé á³ëîçåðñüêèé åòàï (3,0–
2,98 ìëðä ðîê³â), à òàêîæ êðèâîð³çüêèé (2,3–2,1) ³ ôðóíçåíñüêèé (áëèçüêî 2 ìëðä ðîê³â) åòàïè
ðàííüîïðîòåðîçîéñêî¿ åïîõè; ð³äê³ñíîìåòàëüíå çðóäåí³ííÿ äîñÿãëî ìàêñèìóìó â ñåðåäíüî- ³
ï³çíüîïðîòåðîçîéñüêó åïîõè.
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Outlook for Diamond-Bearing of the Ukraine

Geotectonic regionalization was made for the Ukrainian Shield provinces, regions and areas promising to a different
extent for detecting primary diamond deposits. This division resulted from generalization of geological and geophysical
data available for diamond-bearing of Ukraine and those of geological prospecting which is now performed by the
Northern State Regional Geological Enterprise (NSRGE) "Pivnichgeologiya" and other organizations.

The forecast of diamond deposits for such regions as Ukraine, where commercial diamond-
bearing has not yet been established, is essential for choosing the directions of further
geological prospecting.

Some ideas and conceptual statements based on different factors and criteria were
formed to solve the problem of forecasting and choosing diamond-bearing objects in scien-
tific and production organizations acting in various diamond-bearing provinces.

The main factors of diamond forecast developed by V. I. Nikulin and M. I. Lelyukh [7]
particularly for the Yakutian diamond-bearing province are as follows:

Factor of diamond nucleation and growth. Pressures and temperatures necessary for the
diamond optimum growth and preservation existed in the Archean lithosphere and later
they could appear only under specific conditions, in local parts of deep fracture for example.

Factor of Archean craton. The Clifford "rule" as to the Archean cratons is extended to
Archean geoblocks only. Besides this rule, there exist other regularities that restrict the rule
use: recently there have appeared facts of timing diamond deposits to the so-called mobile
zones where, according to the Clifford rule, only nondiamond-bearing magmatic deposits
may occur.

Factor of diamond-bearing protokimberlite allochthonic feature. The timing of diamond-
bearing  kimberlites  and lamproites to granite-greenstone Archean areas is due to the me-
chanism which formed greenstone belts and contributed to pushing out diamond-bearing
rocks to the upper mantle, to substratum disintegration and allochthonization as well as to
formation of conditions for melting out diamond transporting magmas.

Factor of trapp activation. The trapp mechanism leads and/or accompanies kimberlites.
Certain trapp bodies and kimberlites are often conjugate in place and time, which shows
their close geothermal and structural relation.

Factor of diamond preservation. Quick "combustibility" of diamond under oxidative
conditions at 1100 °C in the mantle and at 700 °C in diatremes, graphitization under quick
decompression, corrosion and cleavage make the estimation of the diamond-bearing level
extremely difficult for the objects under forecast.

Factor of denudation. Because of the fact that large haloes of indicator minerals and
diamonds are formed around kimberlite and lamproite bodies at this or that distance, this
factor is determinative in prospecting forecast of placer and primary depends.

Factor of geological events synchronizm. There arise certain difficulties in determina-
tion of proportion for the rates of conjugate geological processes. But the factor of their
manifestation synchronicity should be taken into account in forecasting, especially when the
forecast is based on relations between signs of old age of geological structures and minerals,
on the one hand, and recent tectonophysical heterogeneity on the other hand.

The forecast procedure for kimberlite fields in the Yakutiya diamond-bearing province
suggested by Yu. A. Dukardt and E. I. Boris [2] is as follows: 1) the regionalization of the
crystalline basement aimed at determining orthocratons; the outline of areas with dynamic
effect of aulacogenes; 2) the determination of the crystalline basement metamorphogenic
ring structures as possible   thermoblems located in the area of aulacogene dynamic effect;
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Table 1. Criteria and indications of forecasting primary diamond-bearing

Categories of
forecasting

diamond-bea-
ring objects

Criteria and indications for determining the object location
Criteria and indica-

tions for estimating the
object diamond-bearing

Province
(block)

1. Lithosphere thickness is 120–150 km and above.
2. The age of the Archean basement consolidation is 3.5–
2.6 Ga.
3. Protolithogenic ring structures (nuclears) hundreds of
kilometres in diameter.
4. Presence of granite-greenstone and/or granulite-gneiss
associations.
5. Crest-like and dome-like uplifts of the upper mantle roof
(Moho discontinuity).
6. "Cold" blocks of Earth’s crust with the heat-flow
intensity below 30 mWt/m2.

Region
(areal of
supposed
diamond-
bearing
magmatism)

1. Archon fragments with insignificant tectono-thermal
processing.
2. Slopes of the crest-like and dome-like uplifts of the upper
mantle roof (Moho discontinuity).
3. Presence of riftogenic structures, i. e. zones of higher
permeability of the upper mantle and Earth’s crust activated
at the platform stage of development.
4. Transformed crust-mantle fractures.
5. Active basaltoid magmatism as an indication of depleted
mantle.
6. Ring structures above 100 km in diameter indicating to a
possible presence of mantle diapirs in Earth’s crust.

Riftogenic
structures, basaltoid
magmatism, possible
manifestation of
mantle diapirism.

Area
(potential
diamond-
bearing
field)

1. "Shoulders" of riftogenic structures is aulacogenes.
2. Zones of deep fractures and areas of their cross.
3. Manifestations of alkaline-basaltoid and alkaline-ultrabasic
magmatism.
4. Presence of haloes of indicator minerals and diamond in
the sedimentary cover.
5. Ring and radial-ring structures 40–100 km in diameter
corresponding to the rank of  kimberlitic fields

Manifestations of
alkaline-ultrabasic
magmatism,
kimberlitic and
lamproitic ones
included, diamond
findings in the
sedimentary cover
and host rocks.

Site
(promising
structure)

1. Ring structures 1–10 km in diameter associated spatially
with manifestations of alkaline-basaltoid and alkaline-
ultrabasic magmatism.
2. Contrast haloes of indicator minerals and findings of
diamond grains among them.
3. Crystalline basement uplifts within and around which
haloes of indicator minerals, diamonds included, were
established.
4. Manifestations of explosive volcanic activity (basaltoid
clastic pipes, tuffs and tuffizites, dykes and sills of basaltoid
and alkaline-ultrabasic composition.

Chemical
composition of
indicator minerals
(diamond
association),
presence of diamond
grains in haloes of
host rocks of
kimberlitic and
lamproitic
composition.

Manifestatio
n, deposits
(pipe, dyke,
dyke seria)

1. Ring structures 1–2 km in diameter (negative gravity
anomalies bordered by ring positive magnetic anomalies).
2. Local magnetic field anomalies of different intensity, local
anomalies of lowered resistively and higher polarizability.
3. Geochemical anomalies of elements and multiplicative
indications peculiar to kimberlite, both secondary and
primary.
4. Petrochemical indications proving the presence of
formations related to kimberlites. 5. Local depressions of day
relief where lakes and bogs are formed.

Metasomatic
processes
accompanying
kimberlitic bodies
formation:
calcitization,
dolomitization,
sulphidization,
quartzitization,
chloritization.
Serpentization,
talcozation, identity
of petrogeochemical
indications to
diamond-bearing
kimberlites,
morphology of
diamond crystals.

3) the detection within the supposed thermoblems of structural elements which conform to
the kimberlite field image.

It is suggested to use the name of orthocratons for the cratons whose Archean basement
was not superimposed by tectono-thermal processing, and that of paracratons for those
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changed by processes of secondary tectonic dislocations, by retrograde metamorphism linear
zones of diaphthoresis and milonitization. The diamond-bearing mantle is preserved within
the limits of orthocratons.

The research workers of the Yakutian diamond-bearing province developed several dia-
mond-forecast conceptions which conform to the teaching on ore formations. So, V. I. Ni-
kulin and M. I. Lelyukh [6] determine the following chain of promising geological objects
(from regional to local ones): diamond-promising lithospheric block — diamond-bearing pro-
vince — diamond-bearing magmatism region — productive structure of diatreme association
(deposit).

The diamond-promising lithospheric blocks are a rank of structures corresponding to
traditional minerogenic areas and zones. They include fragments of Archean cratons of
Clifford within the limits of a classical granite-greenstone area.

The diamond-bearing provinces are objects corresponding to ore provines.
The diamond-bearing magmatism regions are notions equivalent to an "autonomous en-

dogenic ore-bearing system".
The structures of diatreme association are the most known objects of prospecting forecast

which often represent diamond deposits.
V. T. Podvysotsky considers another series of diamond-bearing objects in his concep-

tion of diamond-bearing provinces [8]: province (subprovince) — zone (area) — region (field).
The p r o v i n c e means "the boundary of old cratons occurrence with a system of

lineaments (belts) substrated by a "cold" depleted mantle within the limits of which there
existed thermodynamic conditions for crystallization of diamonds and their long-time pre-
servation under metastable conditions". Diamond-bearing objects of different ranks are of
different age as well. Diamond-bearing provinces and subprovinces appeared at the earliest
formation stage of protoplatforms, and zones were formed at a later, aulacogenic, stage of
their evolution. The formation of diamond-bearing regions and fields occurred during a
platform stage in different epochs of tectonomagmatic activation.

This scientist [8] recommends to make a forecast estimation for certain large parts of
platforms at a regional stage following such main directions: a) to establish the type, struc-
tural-tectonic and geodynamic specific features of lithosphere by means of a complex of

Fig. 1. Disposal   diagram  of   diamond-bearing objects in USh: 1 — lithospheric blocks (I — Volyn, II — Podolian,
III — Bug-Ros,  IV — Kirovograd, V — Peri-Dnieper, VI — Peri-Azovian); 2 — promising regions (figures in circles)
(1 — Volyn-Podolian, 2 — North-Western, 3 — Peri-Bug, 4 — Ros, 5 — Central, 6 — Kryvyi Rig, 7 — Peri-Azovian);
3 — promising areas (figures in squares): 1 — Kukhitska Volya-Serkhiv, 2 — Novograd-Volynsky, 3 — Shepetivka, 4 —
Berdychiv-Vinnytsya, 5 — Peri-Dniester, 6 — Skvyra, 7 — Kirovograd, 8 — West Peri-Azovian, 9 — East Peri-
Azovian); 4 — deep fault zones, bordering blocks; 5 — the Ukrainian Shield boundary; 6 — protolithogenic ring-type
structures (nuclears); 7 — ring-type structures persupposedly connected with mantle-crust diapirs; 8 — isodepths of the
Moho discontinuity; 9 — kimberlite pipes; 10 — kimberlite dykes; 11 — lamproite pipes; 12 — lamproite veins; 13 —
diamond findings in sedimentary cover
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geological-and-geophysical and remote methods, to deter-
mine diamond-bearing blocks of lithosphere; b) to find out
structures which control deep magmatizm; c) to determine
the "mantle"-"crust" diamond relation in the terrigenous for-
mations by a set of typomorphic features: a sharp predomi-
nance of the latter makes the prospects of magmatogenic
primary deposits unpromising.

Taking into account the above conceptions and factors
as well as the characteristic features of structural-and-tec-
tonic regionalization, the geological structure and extend of
knowledge for diamonds of the Ukrainian Shield (USh), we
suggest the following series of promising geological objects:
Diamond-promising   minerogenic   province   (lithospheric
block) — region (area) of supposed diamond-bearing magma-
tism — promising area (potential diamond-bearing field) — site
(the most promising structure) — manifestation (deposit).

Criteria corresponding to each rank of promising ob-
jects are presented in Table 1. Six diamond-promising blocks
(minerogenic areas) — Volyn, Podillya, Bug-Ros, Kirovo-
grad, Peri-Dnieper and Peri-Azovian are determined within
the limits of the USh. They differ in the age of the crystalline
basement cratonization, in structura-and-tectonic features,
in geological structure and respectively in the type of the
primary diamond deposits (Fig. 1). According to these fea-
tures the blocks are divided into Archons with the consolida-
tion age to 2.5 Ga (they are the most productive structures
corresponding to orthocrations); into Archons remobilize in
Early Proterozoic (paracratons with orthocraton relicts); and
into Protons (paracratons) with consolidation aged 2000–
1800 Ga. It should be noted that among Protons Archon
fragments may be preserved as isolated residual-mountains
and relicts that preserved under special tectonic conditions of
global tectonic-and-thermal processing.

General data basing the detection of promising diamond-
bearing areas (blocks) according to the regional diamond-
bearing criteria are shown in Table 2.

Within each block regions promising for finding prima-
ry diamond-bearing are established by a complex of criteria
and features developed for a given object rank (Table 1). So,
the Volyn-Podolian and North-Western regions were deter-
mined within the Volyn block, the Peri-Bug region within
the Podolian block, the Central region within the Kirovograd
block, the Kryvyi Rig region within the Peri-Dnieper block
and the Peri-Azovian, region within the Peri-Azovian block
(Fig. 1).

Availability of direct indications of kimberlite and lam-
proite magmatizm is necessary condition for estimating the
promising value of regions determined by the regional crite-
ria as well as for establishing promising areas (Table 1). The
indications are as follows: 1) manifestation of ultrabasic-al-
kaline magmatism, kimberlite or lamproite ones included; 2)
availability of contrast haloes of diamonds and/or their satel-
lite minerals in the sedimentary cover; a short characteristic
of regions and promising areas determined within their limits
by local criteria and indications are given below.

The Volyn-Podolian region. It is situated on the north-
western slope of the USh within its joint with the Volyn-
Orshian Riphean aulacogene in the west and the Prypyat
branch of the Dnieper-Donets aulacogene in the north. A
system of latitudinal, meridional and north-eastern deep frac-
tures is developed here. These fractures are responsible for a
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folded-block structure of the basement and control of central three ring structures, namely
Kamin-Kashirsky, Serkhiv, Zarichne ones which may determine the location of magmatic
diapirs. A negative anomaly of the heat flow (below 30 mWt/m2) and the Moho discontinu-
ity uplift with the crust thickness of 40–50 km are marked. The crystalline basement within
the region is the core of the Earth’s crust of the oldest consolidation and which was pro-
cessed severely during Late Archean-Early Proterozoic. The region is located in the peri-
phery of the area where the Vendian trapp magmatism is manifested, with a subintrusive
facies included. The cited geological-and-structural features make it possible to consider the
Volyn-Podolian region to be analogous to the regions in the Yakutian province where the
diamond-bearing kimberlites are developed.

The main proof of the kimberlite magmatism presence in this region is kimberlite
fragments found in secondary collectors, i. e. heterogeneous tectonic breccias of the Kukhitska
Volya, Serkhiv and Perekallya braccia manifestations. According to the chemical composi-
tion, typomorphic features of satellite minerals the kimberlite fragments are decay products
of the diamond-bearing facies kimberlite pipes different and independent for each braccia
manifestation. Isolated diamonds up to 0.3 mm in size are found in the southern part of the
region and immediately beyond its limits in the sand-shingle Lower-Quaternary deposits.
The kimberlite-controlling structure is supposed to be the sublatitudinol Kukhitska Volya
disjunctive zone which is a part of the South-Ratnian regional fracture bounding from the
south the southern "shoulder" of the Prypyat aulacogene. Taking into account all the data
available, the Kukhitska Volya-Serkhiv promising area is determined in the region. This area
may be considered as a kimberlite field rank.

The Kukhitska Volya-Serkhiv area is located within the southern "shoulder" of the
Prypyat aulacogene complicated by the Late Devonian Polissya saddle, namely in the range
of the "shoulder" crossing with fracture of diagonal and orthogonal systems. The Serkhiv and
Zarichne anomalies of central type, the Kukhitska Volya, Serkhiv and Perekallya breccia
manifestations with kimberlite fragments are located within the area. Anomalously low
values for the heat flow intensity (below 30 mWt/m2) are characteristic of the area; in the
south an eastward oval uplift with a 40–50 km thick crust is marked with the Moho discon-
tinuity relief.

Basites of subalkaline specialization presented by various kinds of gabbro, basalt, tuff
are timed to deep fractures of north-eastern, sublatitudinal and submeridional directions.
They also occur in heterogeneous breccia fragments which are trapp clastic pipes (Perekal-
lya breccia manifestation). The same fractures bound the area of trapp formation rock
occurrence from the east.

The petrochemical indices of kimberlite fragments (Table 3) from the breccia manifes-
tations are similar to those for the kimberlites of the "Mir" pipe in the Malobotuobin region
as well as for the kimberlites of South Africa. Satellite minerals are presented by pyrope (up
to 10.76 % CrO3), picroilmenite (up to 4.14 % Cr2O3) with alternating thermo-emf sign, as
well as by chrome-spinellides and chrome-diopsides.

Component 1 2 3 4 5 6 7 8 9
SiO2 31.40 30.64 31.85 27.26 29.51 30.03 33.86 31.77 26.05
TiO2 0.57 0.40 1.62 1.64 1.04 1.15 0.96 0.66 2.08
Al2O3 4.47 1.83 2.10 3.27 1.95 3.95 3.75 3.59 2.24
Fe2O3 2.49 3.21 3.40 4.50 2.78 3.72 3.13 2.09 3.52
FeO 2.58 2.58 3.59 4.05 2.72 2.58 2.58 2.26 2.36
MnO 0.15 0.00 0.10 0.08 0.13 0.25 0.16 0.05 0.04
MgO 29.50 29.25 28.00 27.80 26.85 24.71 24.71 23.20 22.23
CaO 8.78 10.36 9.38 11.79 12.61 12.49 10.00 12.14 17.08
Na2O 0.05 0.05 0.03 0.36 0.03 0.05 0.14 0.00 0.25
K2O 0.80 0.30 0.33 0.00 0.35 0.36 0.71 0.59 0.43
LOI 0.77 8.60 16.36 9.20 9.56 8.98 17.22 20.58 12.82
P2O5 0.22 0.22 0.25 0.37 0.28 0.33 0.11 0.10 0.48
H2O

+ 1.00 0.40 2.13 0.00 1.82 0.00 2.20 2.35 0.78
H2O– 0.00 0.00 0.00 0.81 0.00 1.28 0.00 0.00 0.00
S 0.04 0.006 0.18 0.09 0.09 0.02 0.32 0.13 0.04
CO2 9.10 12.15 0.00 9.12 10.59 10.65 0.00 0.00 9.20
SO3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr2O3 0.14 0.20 0.22 0.12 0.06 0.08 0.05 0.09 0.12
Total 99.93 100.19 99.43 100.59 100.37 100.50 100.01 99.66 99.85

Table 3. Chemical composition of kimberlites in the Kukhitska Volya-Serkhiv area, %

N o t e. 1–9 — kimberlite fragments from breccias of Kukhitska Volya breccia occurrences.
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The dispersion haloes of these indicator minerals are established in the area sedimen-
tary deposites of different age, from sandstones of the Polissya series of Riphean to Quater-
nary ones. The dispersion haloes established in the Cretaceous basalt deposites of sea coastal
facies show with confidence she sites most probable for detecting primary diamond de-
posites: Serkhiv, Kukhitska Volya and Perekallya ones. The formation of Gotian (?) Volyn-
Orsha and Hercynian Prypyat paleorift systems contributing to penetration of the mantle
diamond-bearing substance into the upper Earth’s crust are structural-and-tectonic peculiar
features of the Kukhitska Volya-Serkhiv area. These features as well as the existence of
pyrope grains without mechanical wear signs in different-age secondary collectors make it
possible to assume the development of two stages of kimberlite magmatism: Late Precam-
brian and Paleozoic (Hercynian) ones.

The North-Western region. This region is located in the northern margin of the USh,
within a zone adjacent to the Prypyat branch of the Dnieper-Donets Late-Devonian aulaco-
gene. The region spreads over the Ovruch, Bilokorovychi and Vilche Riphean riftogenic
structures and the adjacent parts of craton (Proton with Archon relicts). The region be
considered as high-promising one according to regional criteria due to the presence of zones
of north-westward and north-eastward deep fractures, Kashirivka and Shepetivka ring struc-
tures, crossing zones of rifrogenic structures and deep fractures, Moho discontinuity uplift
within the whole region (39–40 km), heat-flow lowered values, wide-spread ultrabasite dyke
formations, subalkaline and alkaline ones included, Early- and Late-Proterozoic basic vul-
canites, ultrabasic-alkaline rocks.

The above-stated is confirmed by the finding of diamonds in conglomerates, grit rocks
and sand stones of the Mesoproterozoic Bilokorovychi series (83 grains of 0.2–4.0 mm),
sandstones of the Neoproterozoic Tolkachi suite, sandstones and sands of the Buchak (Pa-
leogene)  as  well  as of the Poltava (Neogene) suites, in the Quaternary alluvial deposits
(110 gr of up to 1–2 mm). Diamonds of lamproite-kimberlite genesis accound for 75 %;
metamorphogenic ones make up 25 %. The typomorphism of kimberlite-type diamonds is
similar to that of diamonds from the Malobotuobin region in Yakutia, the typomorphism of
lamproite-type diamonds in similar to Australian diamonds. Satellite minerals forming wide
and contrast haloes in different-age deposits of the region are presented by pyrope (up to 8–
10 % Cr2O3), chrome-spinellides, chrome-diopside, picroilmenite. Kimberlites were not
established in the region. The Proterozoic and Devonian epochs are probable for kimberlite
magmatism manifestation. Alkaline-ultrabasic rocks (kimberlito-lamproites) of Middle Pa-
leozoic age are detected in the sublatitudinal Prypyat aulacogene on the Precambrian base-
ment (Bilorussia).

The Novograd-Volynsky area, the most promising in the region with local indications
taken into account, is located in the zone of the USh joint with the Prypyat reftogenic
structure within a high-penetration range of the Earth’s crust manifested by a wide spread of
dyke systems of different direction and extent. The area is timed to the slope of the Moho
discontinuity uplift (39–40 km) and to the range of heat-flow lowered values. A detailed
regionalization was performed to make prospecting for primary diamond deposits more
purposeful within the Novograd-Volynsky area. This resulted in distinguishing the Novo-
grad-Volynsk block formed by the oldest rocks, namely by plagiomigmatites of the Pa-
leoproterozoic Sheremetiv complex (2400–2500 Ma). The block may be relicts of Archon
remobilized in Proterozoic. The next distinguished blocks are Osnytsya and Korosten ones
composed by Mesoproterozoic formations (metavolcanites of the Klesiv series, granitiods of
Osnytsya, Perga and Korosten complexes) and related to Proton; then follow the Krasnogir-
ka-Zhitomyr and Perga interblock zones dividing the Osnytsya and Korosten blocks; the
Kyshyn ring structure (as an assumed mantle diapir) and a number of ring structures of
different orders; dykes and intrusions of different compositions, fields of effusive formation
occurrence.

In the south-west, south-east and in the center of the area a number of polymineral
haloes of indicator minerals of the diamond association was detected in the Quaternary and
Sarmatian deposits, with well-preserved grains. Diamond fragments and crystals 0.5 mm in
size were also found in the same deponts. Many concentrates of the area central and south-
ern parts manifest signs of high-chromous pyropes (6–11.5 % of Cr2O2) with CaO content
of 5–6.5 % and essential admixture of a knorringite component, from 5–10 to 15–17 mol. %
(Fig. 2). The maximum concentration of pyropes (to 1000 signs per 20 l of rock) in basal
horizons of the Quaternary and Sarmatian deposits is observed near some local basement
uplifts. Two diamond fragments colourless (0.4–0.5 and 0.1–0.12 mm) were found in two
samples taken on the slope of such in uplift in the Sarmatian basal horizon in the south-west
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of the site. A larger fragment luminesces in ultraviolet rays.
On the whole, the central part of the Novograd-Volynsky area is located within the

crystalline basement protrusion which is the place of clastic rock drift to the Bilokorovychi
depression. Diamond and indicator minerals were detected in different terrigenic deposits of
this depressions. The chemical composition of pyropes, chrome-spinellides, picroilmenites,
chrome-diopside as well as the typomorphism of the diamonds found in the Bilokorovychi
depression and in the haloes of the Sarmatian and Quaternary deposits in the central and
southern part of the Novograd-Volynsky area are identical. This is the evidence of the same
primary deposits.

A complex of indications (Table 2) made it possible to distinguish two sites, Gorodny-
tsya and Zubkovychi, within the Novograd-Volynsky area. Their crystalline basement is
formed mostly by plagiomigmatites of the Paleoproterozoic Sheremetiv complex. The Glum-
chanian ring structure is established within the central part of the Zubkovychi site. The
diameter of the structure is 4–5 km and the pattern of its magnetic and gravitational fields
are very peculiar. Dykes of rhyolits and alkaline picrites sedimentary-piroclastic rocks (tuff-
sandstones?) and the weathering crust of ultrabasic eruptive breccias containing frame rhy-
olite, tuff-sandstone and granitoid fragments were revealed by means of mapped wells with-
in the limits of the structure. Diamond fragments and small crystals up to 0.8 mm were
established in some wells which revealed weathering crust of small thickness in the south of
the Glumchanian structure. They are characterized by on octahedron habit, the grains are
colorless or light yellow, in ultraviolet rays their luminescence is different: bright-green,
blue, yellow and red. Most probably that the revalued weathering crusts are remains of
small-thick gently dipping sill of primary diamond-bearing rock of kimberlite or lamproite
type. It should be mentioned that a series of small-thick (from 0.3 to 1 m) dykes of changed
picrites is established under the weathering crust containing diamonds and chramite. The
strike of dykes as well as that of the rhyolite dyke which is associated spatially with picrites,
is north-eastward, the dip is steep, south-westward, to the Glumchamian structure centre.

The pyropes detected in the Glumchanian structure sedimentary cover are closely
related to the described magmatic formations.

Within the structure the sedimentary cover is presented by recent lacustrine-bog loams
and loamy sands, Upper-Quaternary eolian-deluvial sands of the Peri-Black-Sea horizon as
well as by sands and clays of the Neogene Sarmatian stage which are preserved in the
crystalline basement local depressions. On the whole, the pyrope content in different hori-
zons of the sedimentary cever ranges from 50 to 100 signs per 20 l of rock, sharply increasing
up to 200–300 signs over rhyolite bodies and up to 800 signs over picrite dykes. The mag-
matic rocks of different compositions and genesis detected in the site confirm the suggestion
on the volcano-tectonic nature of the Glumchanian structure. This fact also shows that the
analogous structures distinguished within the Gorodnytsya and Zubkovychi sites of the
Novograd-Volynsky area are promising for detecting relatively weak-eroded kimberlite or
lamproite bodies.

The Shepetivka area is the less studied one. Its promising features can be estimated only
from the viewpoint of regional and some local criteria without distinguishing the sites and
promising structures. The area is located in the south of the region, in the crossing zone of
mantle and mantle-crust deep fractures of different direction. The crystalline basement is
formed mostly by granitoids of the Zhitomyr and Berdychiv complexes of Paleoproterozoic,
by intrusions of Mesoproterozoic Osnytsya complex diorites and gabbroids. The Shepetivka
ring structure is situated within the area boundaries. Components of trapp formation, bodies
of basic and ultrabasic rocks, diabases dykes of the Early-Proterozoic are of wide occurrence
in the area western part.

A series of polymineral contrast haloes of pyropes (weak-rounded), chrome-spinel-
lides, picroilmenites is established. In the north of the area the diamonds sized to 0.6 mm in
association with high-chromous pyrope (up to 11.7 % Cr2O3 and 3.7 CaO) are found in
coarse-grained sands of the Neogene Sarmation stage. Diamonds and high-chromous py-
ropes are also found in the deposits of the Smolka river.

The Peri-Bug region. The region occupies the territory in the south-west of the USh,
within the limits of the Podolian block of the Archean-Early-Proterozoic consolidation.
According to the geoseismic sounding data, the lithosphere thickness is 200 km, the crust
thickness ranges from 40 to 47.5 km. The Moho discontinuity forms two swell-like uplifts
(to 40 km) in the region south. A local depression near the town of Vinnytsya is observed
between these uplifts and here the crust thickness rises up to 52.5 km. The Moho disconti-
nuity swell-like uplift resulted from the crust-mantle interaction within the Peri-Dniester
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paleorift which is now almost denuded. Its former existence is shown by tholeiitic volcanism
relicts preserved in the axial part of the rift system (Podolian deep fracture), small alkaline
rock intrusions timed mainly to transform fracture zones (Teteriv fracture zone) and to the
north-eastern "shoulder" of the system as well as by batolites of rapakivi-like granites of the
evolution  platform   stage  (Moldavian intrusive).  The  heat  flow, on the whole, is about
40 mWt/m2, in the region north it lowers to 30–35 mWt/m2. In tectonic respect, the region
is formed by zones of deep fractures of north-eastern, north-western, latitudinal and meri-
dional directions.

The Zboriv ring structure is located in the west of the region, the Shargorod structure
is in the south and the Kamyanets-Podilsky one is in the south-west.

Within the region limit numerous findings of diamonds are known in send deposits of
the Baltian suite and in recent alluvium of rivers (basins of the Dniester, South Bug and
other rivers). Sheet haloes of weak-rounded, coarse (to 4.5 mm) pyropes are also established
here.

Kimberlites are not detected in the region. But taking into account typomorphic fea-
tures of diamond crystals, the diamond-bearing kimberlites, lamproites and metamorphites
of the eclogite-gneiss formation may be found here. Magmatic objects presumably related to
the prokimberlite magmatism are presented by dolerite-basalt covers and sills of the Vendian
trapp formation in the north of the region, as well as by diabase and gabbro-diabase dykes of
Late Proterozoic and the bodies of alkaline-ultrabasic rocks of the Medium Proterozoic
Gorodnytsya complex in the central part.

Two promising areas have been distinguished for the time present within the Peri-Bug
region. They are explored to different extent.

The Berdychiv-Vinnytsya area is in the region central part, within the range of diamond
and pyrope drift during sand deposits accumulation of the Neogene Baltian suite. The suite
is wide-spread in the southern half of the area and coarse (to 4.5 mm) almost unbounded
pyrope grains were found here.

The basement cratonization is of the Archean-Early Proterozoic age, the Early Pro-
terozoic tectono-thermal processing was more active in the area north. The crystalline
basement is formed by hypersthene-granite-biotic crystalline schists of the Archean Dni-
ester-Bug series and by granitoides of the Early Proterozoic Berdychiv complex. All the
rocks underwent metamorphism right up to granulite and somewhere to amphibolite facies.
The lithosphere thickness is 200 km, the crust thickness ranges between 45–47.5 to 52.5 km
near the town of Vinnytsya. The heat-flow intensity is about 40 and below 30 mWt/m2 in the
area north-east. The Vinnytsya ring structure is distinguished in the area central part, near
the Khmelnyk fracture zone. It is complex, with two epicenters. Ultrabasite and alkaline-
ultrabasic rock bodies are established within the area boundaries, some Late Proterozoic
dykes are detected in the area eastern part. Manifestations of kimberlite-lamproite magma-
tism have not yet been established because the area is poorly explored for the time being.

Pyrope survey was made within the area limits along the watercourses of the Berdychiv
uplift eastern slope and central past. The highest pyrope content was determined in the
Baltian suite deposits northward of Vinnytsya. Here 20-litre samples revealed from 100–150
to 1000–1300 pyrope grains. They are moderate-calcium (2.79–5.16 % CaO), low- and
medium-chromous (1.36–4.61 % Cr2O3). By their composition, opticospectroscopic and
other features the pyropes are similar to magnesia granites of lherzolite paragenesis of Yaku-
tian kimberlites. Pyropes of eclogite genesis are of rather wide occurrence. In the south-
western part of the Berdychiv uplift the basal horizons of three Buchak depressions (Paleo-
gene) were explored. They are located along the Khmelnyk fracture zone. This resulted in
detecting high-contrast (up to 500 signs per 20 l of rock) pyrope haloes. The pyropes are
mostly unrounded, of different colour, from orange to violet, the grain size is 0.3–0.6 mm.

The analysis of the geological-and-geophysical data shows that besides the Berdychiv
uplift, the primary deposits of diamonds and their satellites may be related to the Vinnytsya
structure of 35 km in diameter. Its marginal segments contain small stock-like bodies of
ultrabasic, alkaline-ultrabasic rocks and alkaline syenites. Just here the Neogene Baltian
suite deposits rich in pyrope and diamonds, with the oldest facies included, begin their
occurrence. So, the Vinnytsya structure might be an uplift and a source of terrigenous
material drift. A promising site is distinguished over the Vinnytsya structure periphery where
there are marked numerous local magnetic pipe-type anomalies of 200–500 m in diameter.

The Peri-Dniester area is located in the Volyn-Podolian plate, on the south-eastern
slope of the Podolian paleouplift in the place of its cross with the South-Eastern flank of the
Peri-Dniester paleorift. The Podolian paleorift of the Premesozoic age was a stable place of
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the clastic rock drift during Jurassic and Cretaceous time. The area promising features are
determined by a complete set of regional criteria: the lithosphere thickness is 200 km, the
crust is about 40 km thick and the Moho discontinuity forms a gentle swell-like uplift of the
north-western strike. The Kamyanets-Podilsky ring structure is distinguished within the area
boundaries. It is located in the peripheral part of the regional rise of the gravitational field
which is identified with the range of partial Earth’s crust basification, in the zone of active
crust-mantle interaction.

The occurrence depth of the crystalline basement surface varies from 450 m in the east
of the area to 5000 m in the west. The Vendian-Early Mesozoic and Meso-Cenozoic depo-
sits are available in the sedimentary cover geological structure. Under such geological con-
ditions the erosion section value for the Middle Paleozoic kimberlite bodies assumed in this
place will be minimum.

Within the area boundaries in the Dniester alluvial deposits there occurred diamonds,
the pyrope haloes were identified in the Jurassic, Cretaceous and Neogene deposits and the
stable presence of pyropes sized 0.5 mm was established in alluvium of the Dniester river
and its tributaries which break up the whole section of the Meso-Cenozoic deposits. Be-
cause of a very poor stock of knowledge for this area it is impossible to concretize local
indications and criteria with identification of promising sites.

The Ros region. The region is located in the northern half of the Bug-Ros block which,
according to the basement cratonization time, is represented by Archon partially remobi-
lized in Proterozoic. It should be mentioned that the northern part of the Bug-Ros block
refers to the place of the USh joint with the Dnieper-Donets aulacogene and the region is
located in its "shoulder" part favourable for deep magmatism manifestation. The Ros region
is timed to the protolithogenic ring structure (nuclear) above 200 km in diameter, which
covers the area where metabasaltoids of the Neoarchean Ros-Tikich series are developed.
Some scientists [3, 10] refer them to the granite-greenstone association. According to the
geoseismic sounding data, the lithosphere thickness is about 200 km. the crust is 45–50 km
thick, the heat-flow values are low (30 mWt/m2). A series of deep fractures is marked in the
north-eastern and north-western directions of the region.

In spite of a favorable coincidence of practically all the regional criteria and indications
as well as of the known numerous diamond findings in the Neogene zircon-ilmenite placers
and deposits of the Baltian suite, purposeful prospecting for primary diamond deposits were
not made here.

The Skvyra area is distinguished in the center of the region, in the space of the dia-
mond-bearing placer alimentation. It covers the Skvyra ring structure, which indicates to a
possible presence of the mantle diapir here, as well as a very complex crossing node of

Fig. 2. Cr2O3 — CaO diagram of pyrope chemical composition for promising areas: 1 — Kukhitska Volya-Serkhiv
(209),  2 — Novograd-Volynsky (230), 3 — Shepetivka (45), 4 — Berdychiv-Vinnytsya (29), 5 — Peri-Dniester (99),
6 — Kirovograd (1), 7 — East Peri-Azovian (403). The number of pyrope chemical analysis is given in the brackets.
Fields of paragenesis pyrope composition (figures in circles): 1–3 — lherzolitic; 4–10 — dunit-harzburgitic (5, 7, 9, 10 —
genetically related to diamond-bearing facies)
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meridional and diagonal deep fractures. The area is located within a range of lowered (30–
35 mWt/m2) heat-flow; the crust thickness in its limits is 40–42.5 km. The crystalline
basement is formed by metabasites of the Neoarchean Ros-Tikich series and by granitoids of
Paleoproterozoic Zvenygorod complex. Isometric bodies composed of serpentinized ultra-
basites close chemically to kimberlites and breaking through the metabasites and granitoids
are established among the latters. There are no data on the ultrabasite age. Probably they are
a prekimberlite stage of magmatism.

In the north-east of the area in the Neogene sand deposits there is the Zeleny Yar
diamond-bearing ilmenite-zircon placer. There kimberlite-type diamonds make up 40 % of
their total quantity; those of metamorphogenic type account for 30, of impact type for 3 and
of unestablished genesis for 27 %. Week-contrast haloes of pyropes with diamonds are
identified in deposits of the Baltian suite and the Poltava series of Neogene within the
central and southern parts of the area.

The Central region. The region is located in the USh central part, within the Kirovo-
grad block with the crust cratonization completion in Early Proterozoic bounded from the
west and east by the Pervomaysk-Traktemyriv and West-Ingulets zones of deep fractures,
respectively. Within the region the lithosphere thickness is assumed to be above 250 km; the
crust thickness ranges from 35 in the south of the region to 40–45 km in the central part and
50 km in the east. The Moho discontinuity is of complex configuration, which forms local
uplifts and depressions. The heat-flow intensity is also inhomogeneous, ranging from 35 to
45 mWt/m2.

The characteristic feature of the region is a wide occurrence of dykes forming a whole
series of different-orientation zones corresponding to main directions of fracturings. Dykes
of picrites, micaceous picrites, camptonites and other lamprophyric rocks occur rather often
among diabases and gabbro-diabases.

Gently dipping thin (0.5 m) veins of the Late-Proterozoic pseudoleucitic lamproites
are established in the region north, near the Kirovograd zone of mantle fractures. They are
metamorphosed analogues of leucitic lamproites of Western Australia [4]. The Late-Paleo-
zoic-Early-Mesozoic lamprophyric (lamproitic) clastic pipes [12] and kimberlite dykes are
known in the central part of the region. The above-mentioned made it possible to distin-
guish the Kirovograd promising area here.

The Kirovograd area. Two sites (Lelekivka and Shchorsiv) of dyke development are
established near the town of Kirovograd in the zone of fracture of the same name. The dykes
are of mica-type kimberlites of the Mesoproterozoic nondiamond-bearing facies. The kim-
berlites by their chemical composition (Table 4) are similar to olivine lamproites. Because of
this some researchers [11] refer these rocks to lamproites rather than to kimberlites Dia-
mond satellite minerals in the kimberlites are presented mainly by high-magnesium chrome-
spinellides; pyrope and almandine-pyrope are of very rare occurrence, picroilmenite is not
identified. The timing of the micaceous kimberlite dykes and pseudoleucitic lamproites as
well as of a greater part of dykes of their comagmatic rocks (picrites, picritic porphyrites,
etc.) to the Kirovograd zone of deep fractures gives good reasons to forecast here the occur-
rence of the linear-type kimberlite field. Kimberlite fields of such a type with a wide deve-

Component 1 2 3 4 5 6 7 8 9 10 11
SiO2 33.85 34.60 30.82 35.69 39.29 33.48 34.85 33.96 36.64 38.06 36.21
TiO2 3.67 4.58 3.51 3.93 3.36 1.96 2.66 3.13 2.20 2.46 2.25
Al2O3 4.29 4.98 5.08 7.62 4.86 1.47 4.96 2.75 2.74 3.59 3.94
Fe2O3 6.26 7.84 3.85 6.26 5.80 7.26 6.68 6.29 5.53 5.67 5.85
FeO 4.91 6.15 6.44 6.97 6.22 4.72 5.15 5.29 4.00 3.90 4.86
MnO 0.24 0.35 0.28 0.25 0.35 0.19 0.31 0.55 0.18 0.20 0.15
MgO 22.56 22.85 18.98 21.84 21.82 26.40 24.28 19.35 21.76 20.97 25.96
CaO 6.37 4.51 11.48 3.89 6.61 6.12 5.29 12.43 10.56 10.50 5.55
Na2O 0.25 0.45 0.27 0.48 0.20 0.12 0.20 0.36 0.45 0.20 0.18
K2O 3.46 2.90 2.08 3.98 1.50 0.44 2.48 0.70 0.70 0.70 1.89
LOI 4.40 1.50 7.96 7.59 4.55 15.86 7.68 1.87 1.74 4.21 6.85
P2O3 0.68 0.35 0.32 0.40 0.24 0.98 0.26 0.41 1.06 0.79 1.02
H2O

– 0.44 0.16 0.70 0.42 0.20 0.44 0.79 0.00 0.04 0.06 0.29
S 0.03 0.03 0.45 0.09 0.05 0.00 0.09 0.08 0.04 0.04 0.02
CO2 5.02 6.74 6.91 0.00 5.02 0.00 4.01 12.46 10.99 8.10 4.46
Cr2O3 0.08 0.11 0.10 0.12 0.08 0.09 0.10 0.10 0.15 0.09 0.10
Total 99.43 97.99 99.13 99.41 100.07 99.44 99.69 99.63 98.63 99.45 99.48

Table 4. Chemical composition of kimberlites in the Kirovograd area, %

N o t e. Site: 1–8 Lelekivka; 9–11 Shchorsk.
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lopment of vein and dyke bodies of micaceous kimberlites, many of them being diamond-
bearing, are known in the northern part of Yakutia, Guinea, Angola, Lesotho, Ivory Coast
and in other regions.

Thus, according the regional criteria and direct indication, i. e. the presence of the
kimberlite and lamproite magmatism products, the area may be promising though, as com-
pared with others, it refers to the least explored ones from the viewpoint of diamond-
bearing.

The Kryvyi Rig region. The region is distinguished tentatively to a certain extent within
the Peri-Dnieper block. The latter is a classic Archon, with characteristic volcanogenic and
volcanogenic-sedimentary formations of typical greenstone areas developing over the pe-
riphery of granulite-gneiss areals. From the west the region is bounded by the Kryvyi Rig-
Kremenchuk zone of deep fractures of submeridional strike. The zone controls the area of
Neoarchean and Mesoproterozoic dykes, mostly of the same strike. The eastern half of the
region is occupied by the Moho discontinuity uplift (from 40 to 30 km) of submeridional
strike as well. The region is characterized by a relatively weak tectonic deformations; se-
cond- and third-order fractures of orthogonal and diagonal systems prevail. The heat-flow
field within the region is high-uniform, its intensity ranges from 30 to 40 mWt/m2.

Information of satellite minerals in the sedimentary cover deposits is very poor, but the
findings of diamonds in the south and north of the region in the Quaternary and Meso-
cenosoic deposits as well as in coastal-sea zircon-ilmenite placers (Samotkan, Volcha) show
its potential diamond-bearing.

Diamond-bearing dykes of kimberlite-like rocks, eruption and tuff-breccias are re-
vealed in the Ternovian quarry of the Kryvbas Northern concentration mill [1]. These rocks
are checked by the Kryvyi Rig and Devladove deep fractures and the dyke thickness varies
from several centimeters to 10 metres. Jaspilites are host rocks for diamond-bearing forma-
tions. Pyrope, ilmenite and moissanite occur among indicator minerals.

Insufficient amount of information on the region makes it impossible to localize within
its limits paramount promising areas.

The Peri-Azovian region. The region is situated in the eastern margin of the USh within
the Peri-Azovian block with the Archean crust cratonization, the crust being differently
remobilized during Proterozoic. The region is in the joint zone with the Dnieper-Donets
aulacogene (DDA). The crust thickness ranges from 37.5 to 47.5 km, two submeridional
swell-like  uplifts   observed  in  the Moho discontinuity relief, their amplitude being up to
10 km (from 45–47.5 to 37.5 km). The heat-flow intensity varies within 40–50 mWt/m2.
Complexes of greenstone rocks relating to granite-greenstone associations as well as grani-
toids of granulite-gneiss associations are developed in the western part of the region. Meso-
proterozoic intrusive formations of ultrabasic, basic, alkaline-ultrabasic, alkaline-basic and
medium composition are wide-spread in the region eastern part. Dyke rocks are presented
by two complexes: Neoproterozoic (dolerites, diabases, gabbro-diabases, granite-porphyries,
quarts porphyres, etc.) and Mesoproterozoic (diabases, gabbro-diabases, pyroxenites, horn-
blendites, ets.). Volcanism of the ultrabasic-basic composition was identified within the

Component 1 2 3 4 5 6 7 8 9
SiO2 35.75 37.70 35.60 31.90 27.03 33.65 37.40 36.51 36.13
TiO2 3.87 3.67 2.32 3.75 6.57 3.53 3.12 3.89 2.82
Al2O3 3.58 6.22 4.94 3.26 5.06 3.82 2.46 2.72 4.45
Fe2O3 6.69 6.10 10.61 7.23 3.36 4.95 7.08 4.77 9.82
FeO 4.54 3.15 2.15 1.96 4.23 4.89 3.66 5.13 1.42
MnO 0.38 0.21 0.14 0.18 0.16 0.16 3.70 0.34 0.20
MgO 27.69 19.40 14.50 17.90 15.90 27.36 26.62 25.65 18.52
CaO 4.36 8.25 12.60 10.42 15.55 3.59 3.61 6.98 4.72
Na2O 0.28 0.20 0.16 0.17 0.06 0.06 0.20 0.23 0.66
K2O 1.16 1.30 0.80 0.49 1.15 0.97 1.24 1.06 0.36
LOI 9.15 12.20 14.23 0.00 0.00 0.00 9.35 10.16 0.00
P2O5 0.47 1.33 1.39 1.55 1.06 0.66 0.27 0.47 3.60
H2O

+ 0.00 2.53 3.10 9.55 7.10 10.83 0.00 0.00 6.93
H2O– 0.00 — — 4.11 2.09 0.96 0.00 0.00 4.50
S 0.00 — — 0.21 0.16 0.13 0.14 0.14 0.11
CO2 0.23 — — 5.56 9.08 2.75 0.67 0.32 1.83
SO3 — 0.22 0.063 — — — — — 0.00
Cr2O3 0.00 0.00 0.00 0.16 0.16 0.12 0.00 0.00 0.12
Total 98.06 99.73 99.44 98.40 98.72 98.43 99.52 98.37 96.19

Table 5. Chemical compositions of kimberlites in the East Peri-Azovian area, %

N o t e. Pipe: 1–3 "Nadiya"; 4–6 "Novolaspinskaya"; 7–9 "Yuzhnaya".
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Middle Late Devonian in the joint zone of the Peri-Azovian geoblock and DDA. Two
promising areas: East Peri-Azovian and West Peri-Azovian ones are distinguished in the
region. According to the prospecting conditions and the number of the revealed diamond
bearing indications, seven promising sites are marked within the areas (from the east to the
west); Elanchinian, Kalmius, Volnovakha, Kalkinian ones for the East Peri-Azovian area
and Berdyansk, Lozuvatka and Konka for the West Peri-Azovian area.

The East Peri-Azovian area. The Volnovakha and the north-western flank of the Kal-
mius sites are the most explored for the present time. Four kimberlite pipes "Petrovskaya",
"Nadiya", "Yuzhnaya", "Novolaspinskaya", two dykes "Novolaspinskaya" and "Yuzhnaya" as
well as kimberlite manifestation "Gornyatskoe" are revealed here. The kimberlite bodies
"Petrovskaya" and "Goznyatskoe" are located in the joint of the Donbass and Peri-Azovian
crystalline massif, in the field of the Devonian volcanogenic-sedimentary rock development;
the kimberlite bodies "Nadiya", "Yuzhnaya" (pipe and dyke), "Novolaspinskaya" (pipe and
dyke) are timed to the northern part of the Peri-Azovian crystalline massif formed by the
Low-Proterozoic granitoids.

The revealed kimberlite bodies gravitate to the joint nodes of the sublatitudinal South-
Donbas zone (North-Volnovakhian, South-Volnovakhian, Vasilyevian fractures) with the
fracture zones of the north-eastern strike (Kalmius, Komyshuvakh, Petrivske) as well as
with the fracture zone of the north-western strike, "healed" mainly by diabase dykes and
plagioporphyrites. The kimberlite chemical composition is given in Table 5.

The kimberlite pipes "Nadiya", "Yuzhnaya", "Novolaspinskaya" are characterized [5] by
anomalies from 0–4 ("Novolaspinskaya") to 40–440 nT ("Nadiya", "Yuzhnaya»), by size
from 50–70 m ("Nadiya", "Novolaspinskaya") to 250 m across ("Yuzhnaya"), the latter
"breaks-down" into 11 converged anomalies of 56–70 m across. Only the pipe "Yuzhnaya" is
clear in the gravitational field. A local isometric anomaly of the field lowered values d
corresponds to the pipe.

Diamond indicators minerals: pyrope, chrome-spinellide, picroilmenite, chrome-diop-
side are established in the kimberlites (Fig. 2). Diamonds in the kimberlites are not revealed.
At the same time they are established in the region postkimberlite collectors (from the Early
Carboniferous to Quaternary age). The greatest diamond, 1.5 mm in size, was found in the
alluvial Old-Quaternary shingle beds. By their typomorphic features the diamonds are rela-
ted to the kimberlitic and metamorphogenic types.

The West Peri-Azovian area is explored to a considerably less extent with respect to
diamond-bearing. The Chernigiv complex of the Paleoproterozoic alkaline-ultrabasic rocks
and carbonatites and the Mesoproterozoic dyke belt of alkaline ultrabasites (hornblendites)
are known is the area western part (Lozuvatka and Konka sites). High-magnesium mica-
ceous ultrabasites aged 1970–1950 Ma were detected in the area south-west, within the
Lozuvatka river basin. They are related to the lamproite series rocks [9] and occur as low-
thick dykes and stock- or pipe-like bodies. According to petrochemical, geochemical and
mineralogical indications these formations are identical to low-titanium miascite lamproites
and to their intrusive analogues of the Aldan province. Haloes of weak-rounded moderate-
chromous pyropes and isolated diamond grains associated with them were established in
recent alluvium in the north of the area.

The analysis of the data available makes it possible to suppose the presence of dykes
and pipes of Paleozoic kimberlites in the Volyn-Podolian region (Kukhitska Volya-Serkhiv
area), in the Kryvyi Rig, Peri-Azovian and Ros regions as well. Dykes and sills of kimberlites
(lamproites) of both Neoproterozoic and Paleozoic age are assumed to exist in the Central
and North-Western regions (Novograd-Volynsky area). Dyke and sills of kimberlites (lam-
proites) as well as eclogites are supposed to occur in the Peri-Bug region within the Berdy-
chiv-Vinnytsya area.

Potential commercial diamond-bearing of unrevealed primary deposits is confirmed by
diamond findings in the sedimentary cover with typomorphic indication of diamonds from
kimberlites as well as by chemical composition of indicator minerals (belonging to the
diamond association).
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ÐÅÇÞÌÅ. Íà îñíîâàíèè îáîáùåíèÿ èìåþùèõñÿ ãåîëîãî-ãåîôèçè÷åñêèõ ìàòåðèàëîâ ïî àëìàçîíîñíîñòè
Óêðàèíû, à òàêæå ïîèñêîâûõ ðàáîò ÑÃÐÃÏ "Ïèâíè÷ãåîëîãèÿ" è äðóãèõ ãåîëîãè÷åñêèõ îðãàíèçàöèé, ïðîâåäåíî
ãåîòåêòîíè÷åñêîå ðàéîíèðîâàíèå Óêðàèíñêîãî ùèòà. Âûäåëåíû ïåðñïåêòèâíûå â ðàçíîé ñòåïåíè îáëàñòè,
ðàéîíû, ïëîùàäè êîðåííûõ ìåñòîðîæäåíèé àëìàçîâ.

ÐÅÇÞÌÅ. Íà ï³äñòàâ³ óçàãàëüíåííÿ íàÿâíèõ ãåîëîãî-ãåîô³çè÷íèõ ìàòåð³àë³â ùîäî àëìàçîíîñíîñò³ Óêðà¿íè, à
òàêîæ ïîøóêîâèõ ðîá³ò ÏÄÐÃÏ "Ï³âí³÷ãåîëîã³ÿ" òà ³íøèõ ãåîëîã³÷íèõ îðãàí³çàö³é, ïðîâåäåíî ãåîòåêòîí³÷íå
ðàéîíóâàííÿ Óêðà¿íñüêîãî ùèòà. Âèä³ëåíî ïåðñïåêòèâí³ ó ð³çí³é ì³ð³ îáëàñò³, ðàéîíè, ïëîù³ êîð³ííèõ ðîäîâèù
àëìàç³â.
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Geochronology of the Precambrian of the Ukrainian
Shield on the Basis of the "Reference" Isotope Data

The article deals with the results of analysis of the present-day "reference" isotope-geochronological data for the
Precambrian rocks of the Ukrainian Shield. The correlation of the geochronological units of the Precambrian of the
Ukrainian Shield and the units of the International Geochronological Scale of the Precambrian has realized.

Introduction. The report deals with the "reference" isotope dating of the Precambrian rock
associations of the Ukrainian Shield (USh). Special attention would be given to dating of
the processes of effusive, intrusive and anatectic magmatism, sediment accumulation, meta-
morphism, metasomatism, and ore formation in different geoblocks of the USh. One more
task is age correlation of the stratigraphic units and non-stratified rock complexes of the
USh.

Geochronological study of the USh proceeds during several decades. Many scientific
papers are dedicated to this question, and so, we have hundreds of isotope age data now.
However, very few of them correspond to ages of the geological events impartially. These
relatively not numerous isotope data, named the "reference" data, serve a basis for recon-
struction of the history of geological development of such intricate region as the USh.

It would be noted once more, what do we mean by "reference" isotope age: 1) This is
the dating performed using the most reliable up-to-date method — the U-Pb method on
zircon or other accessory uranium-bearing minerals dating (monazite, baddeleyite, and so
on); 2) It has to meet the requirements made to the isochronal line; or concordance of
isotope ages calculated from different isotope ratios must be observed; 3) It has to prove that
genesis of the accessory mineral corresponds to the specific geological process (volcanism,
intrusive magmatism, anatectic granite formation, and so on).

Other isotope data (Sm-Nd, Rb-Sr, K-Ar, et al.), as a rule, do not possess reliability of
the U-Pb isotope age method. However, they may be used for interpretation of rock genesis,
and for identification of the later metamorphic and metasomatic processes in the rocks.

Special significance among the above mentioned isotope methods belongs to the Sm-
Nd model dating. In most cases (with the exception of the cases when we date volcanic
rocks of the Mantle genesis), they do not correspond to the ages of rock formation. Howe-
ver, these data, as rule, correspond to the ages of separation of the primary substance, at the
expense of which the tested rock has generated from the Earth’s Mantle (independent of the
rock genesis). Thus, we can determine the age of rock formation from the U-Pb data, and
we can approximately estimate the age of the primary substrate from the data of the Sm-Nd
model dating.

The zircon dating of clastogenic rock formations is an important addition to the refe-
rence isotope ages of magmatic rock associations (volcanic, intrusive-magmatic, and anate-
ctic). In most cases, one can estimate low age limits of formation of the Precambrian
stratified rock units according to these data only. As the practice of the isotope geochrono-
logical study has shown, U-Pb systems of the clastogenic zircons are characterized by good
integrity even if the later metamorphic transformation of the primary sedimentary rocks had
place. As a rule, clastic material, which was a source of formation of certain sedimentary
strata, was supplied into the sedimentary basin from one or several sub-even-aged sources of
denudation. Thus, it is possible to estimate surely the low age limit of formation of the
sedimentary strata from the age of clastogenic zircon.

The Rb-Sr isochrones for the Precambrian rock formations of the USh are not nume-
rous. They correspond to the U-Pb isotope ages well in some cases only, when we date the

© M. P. Shcherbak, G. V. Artemenko, V. M. Skobelev, L. M. Stepanyuk, O. M. Ponomarenko, 2002
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Proterozoic rock formations. As a rule, we can-
not obtain satisfactory Rb-Sr isochrones for the
Archean rock formations even if they are meta-
morphized under low metamorphic stage. K-
Ar isotope data are also unreliable.

The distinguishing of stratified rock for-
mations as stratigraphic units (series, suites, stra-
ta) is based on ascertainment of their lower and
higher age limits. The lower age limit is dated
from the processes of sedimentation and volca-
nism. Zircon of volcanic and effusive-sedimen-
tary rocks is the best mineral-geochronometer
in this case. Unfortunately, it is often impossi-
ble to fix precisely the lower age limit for clas-
togenic sedimentary and polycyclic rock for-
mations. Mostly the dating of clastogenic zir-
con and Sm-Nd model ages are used to esti-
mate the lower age limit of these rock forma-
tions.

Age of formation of the anatectic grani-
toids fixes the higher age limit of stratigraphic
units. As regards plutonic magmatic rocks, their
intrusion can often differ in time from the stra-
tified rock formations.

Geochronology of geoblocks of the USh.
Six main geoblocks (regions) are distinguished
in the tectonic structure of the USh. These are
the North-Western, Dniester-Bug, Ros-Tikich,
Ingul-Ingulets, Middle Peri-Dnieper, and Peri-
Azovian regions. They differ from each other
by deep-seated geological structure, age of for-
mation, and metallogenic specialization. Thus,
it seems to be expedient to examine the geo-
blocks individually, but for all that, we shall
consider the regions based on geochronological
principle (age of their origin) instead of their
geographic position.

The Peri-Azovian region (Table 1; Fig. 1)
occupies the eastern part of the USh. Its area is
the smallest in comparison with other regions,
but its geological structure is the most intricate.
This region is one of the oldest protocontinen-
tal terranes of the USh in particular, and of the
Eastern-European platform as a whole.

The oldest formations of the region are
represented by granulites of the Novopavlivka
strata (3.67 Ga), and thonalites and enderbites
of the homonymous complex (3.40 Ga) [8].
These oldest rocks have been preserved as de-
tached small tectonic blocks within the bounds
of the Orikhov-Pavlograd tectonic zone and the
Western Peri-Azovian area. The granitoid in-
trusions of the Shevchenko complexes remade
the most of the rocks during the Neoarchean
era (about 2.8 Ga). However, the very old va-
lues of the Sm-Nd model ages of the rocks
(4.24–3.62 Ga) are an essential argument for
very ancient substratum at which expense the
rocks were generated.

The rock assemblage of the Kosivtseve stra-
ta (the homonymous trough structure) corre-

GEOCHRONOLOGY OF THE PRECAMBRIAN



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/390

sponds to the sections of the greenstone belts. The Paleoarchean quartz diorites of the
Dobropillya intrusive complex (3.32 Ga) [9] cut this rock formation. Thus, the rocks of the
Kosivtseve strata may be the oldest greenstone formations of the USh.

There are some later greenstone-like structures in the Peri-Azovian region (the Me-
soarchean). It is Soroky and Guriv trough structures. The clastogenic sedimentary and
volcanogenic rocks of the Osypenko strata fill the first structure. The age of zircon of the
clastogenic rocks is 3.36–3.32 Ga. The age of zircon of meta-rhyolite-dacite is 3.16 Ga. The
rock assemblage of the second structure is represented by volcanogenic rocks of the No-
vogorivka strata (mainly meta-andesite-basalts and andesites, less felsic volcanites). The age
from zircon of this rockmass meta-andesites is 3.1 Ga.

A distinctive feature of the Archean supercrustal rock formations of the Peri-Azovian
megablock is a combination of granulite, amphibolite, and greenstone rock formations with-
in small areas. In this case, the granulite formations are always older than formations of the
greenstone structures. As a rule, plagiogranite-gneiss dome structures separate them. The
age of these syntectonic plagiogranites is Neoarchean — 2.80–2.82 Ga (the Shevchenko
complex). There is also post-kinematic intrusive complexes in the Peri-Azovian region (the
Starobogdanivka syenite complex, 2.82 Ga). The Neoarchean phase of the post-orogenic
tectonic-magmatic activity was completed by the intrusion of granite dykes cutting the rock
formation of the Osypenko strata (2.66 Ga).

The Archean rock formations have been preserved well in the western and southern
parts of the Peri-Azovian megablock only.

The Paleoproterozoic rock formations of different genesis filled its central and eastern
parts. The syntectonic diorites (the Obitochna complex, 2.05 Ga), anatectic granitoids and
migmatites (Anadol’ complex, 2.06 Ga) with small relicts of gneisses represent the main
groundwork of this area.

As to supercrustal formations of this area (the Central Peri-Azovian series), it may be
supposed that a considerable part of them are the primary Archean rock formations which
had been strongly reworked during the Paleoproterozoic. This assumption bases on the data
of Sm-Nd model dating (3.3–3.1 Ga) [2], which represent the age of the primary substra-
tum of the rocks.

However, it would be wrong to think, that all the supercrustal rock formations, appur-
tenant to the Central Peri-Azovian series, are the reworked Archean rock formations. The
graben-like  structures  were formed on the Archean protocontinental basement during
Paleoproterozoic. The sedimentary rocks filled up them. One of these kinds of structures is
the well-studied Mangush graben-like structure. It was formed on the Neoarchean charnoc-
kite-gneiss basement (2.80 Ga); however, the age of its formation is 2.15 Ga (the zircon age
of the metavolcanic rocks, which lie in the bottom of the structure) [12].

Numerous Paleoproterozoic intrusive massifs of different rock composition and ages
also take essential place in geological structure of the Peri-Azovian megablock. One can
distinguish two episodes of post-orogenic tectonic-magmatic activity there: 1) 2.10–2.08 Ga
(the Chernigivka carbonatite, Khlibodarivka intrusive charnockite, Saltychi intrusive granite
complexes); 2) 1.81–1.79 Ga (the Southern Kalchik gabbro-syenite, Kamyana Mogyla sub-
alkaline granite, Oktyabrsky alkaline rock complexes). It would be noted that the intrusive
rock complexes are very diverse in magma composition and genesis. The intrusions are
always concerned with the deep faults. Layered intrusions are often observed among them.

Fig. 1. Schematic geological and geochronological map
of the Precambrian rock formations of the Peri-
Azovian geoblock of the USh: 1 — the Paleoarchean
rock  formations   reworked during the Neoarchean;
2 — rock complexes of the greenstone structures; 3 —
the Archean rock formations reworked during the
Paleoproterozoic; 4 — the Paleoproterozoic sedimen-
tary  rock   formations  of the graben-like structures;
5 — the Paleoproterozoic-II postkinematic intrusions
of  the  early stage  non  orogenic magmatic activity;
6 — the same of the final stage; 7 — main deep faults;
8 — U-Pb isotope ages
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The REE and Ta-Nb ore specia-
lization is characteristic of some
of these intrusions.

Thus, the Peri-Azovian re-
gion is one of the oldest proto-
continental terranes of the USh.
One can distinguish five main
stages in the history of its geolo-
gical evolution: 1) origin and de-
velopment of the oldest cores of
the  continental   crust — 3.7–
3.4 Ga (the granulite areas); 2)
the origin of the greenstone struc-
tures on the granulite basis, and
their evolution — 3.4–2.8 Ga; 3)
the  period  of   tectonic stabili-
zation   and   denudation   of
the  Archean  basement — 2.8–
2.15 Ga; 4) the origin of the gra-
ben-like structure on the Archean
basement, and their filling with
sedimentary rocks; 5) the inten-
sive metamorphic, anatectic, and
metasomatic reworking of the
Archean rock complexes under
conditions of compression during
the Paleoproterozoic; the follo-
wing  origin  of  the deep fault
structures, and the early episode
of  the tectonic-magmatic activi-
ty — 2.1–2.05 Ga; 6) the period
of short-term tectonic stabiliza-
tion, and following final episode
of tectonic-magmatic activity in
the protoplatform    area  — 2.05–
1.79 Ga.

The Dniester-Bug region (Ta-
ble 2, Fig. 2) occupies the wes-
tern part of the USh, and thus it
is the most distant from the Peri-
Azovian region. However, it is the
second oldest Paleoarchean ter-
rane of the USh. Its area is three
times as much as that of the Peri-
Azovian region. Its geological
structure resembles that of the
Peri-Azovian region, though some
distinctions have place. First, we
do not observe any signs of pre-
sence of the greenstone structures
there. Secondly, we observe al-
most exclusively supercrustal rock
associations of the granulite grade
of metamorphism and the corre-
sponding high-temperature ana-
tectic granitoids (enderbites, char-
nockites, garnet-orthopyroxene,
and high-alumina garnet-silima-
nite-cordierite-bearing granites).
Thirdly, we have the diverse age
rock associations of granulite fa-
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cies of metamorphism. Fourthly, the highest thickness of the Earth crust is characteristic of
this region (50–60 km).

In the case in question, the Paleoarchean rock assemblage of the region represents the
Dniester-Bug supercrustal rock series. It consists of the following strata: the Tivriv, Zelena
Levada, and Gnivan’, Pavliv, and Bereznino strata, which have place, as a rule, in different
tectonic isolated geoblocks of the region.

However, we have the cogent arguments of Paleoarchean age for the rock association
of the Tivriv strata only. This association is represented by two-pyroxene mafic granulites
and enderbite gneisses. Zircon of 3.65 Ga [3] has been found in these rocks. However, and
it would be emphasized, the rocks contain some later generations of zircon too. There we
have found at least three more age generations of zircon: 1) 3.12 Ga; 2) 2.78–2.72 Ga; 3)
2.06–2.02 Ga [7]. These generations are distinguished by the content of U and by compo-
sition of accessory mineral inclusions. The later generations of zircon are characterized by
higher contents of U and less high-temperature associations of the accessory mineral inclu-
sions. Sometimes it manages to find some co-existing pairs of the rock-forming minerals
(ortho- and clynopyroxenes) in the same sample of the rock. The earliest generations corre-
spond to temperature about 970–930 °C, and the later ones — 830–810 °C [5]. Therefore,
we have the arguments to suppose that these rocks have suffered some episodes of metamor-
phism. However, all the metamorphic transformations proceeded under high-temperature
conditions of the granulite facies. The high-temperature granitoids of ultrametamorphic
origin (enderbite and charnockite formation) occurred synchronously with metamorphic
processes. The earliest Mesoarchean enderbites (3.1–2.8 Ga) are referred to the Gaivoron
complex, while the latest enderbites and charnockites (2.06–22.02 Ga) — to the Berdychiv
complex.

The data of Sm-Nd model dating serve additional evidence of the very old ages of the
rocks of the Tivriv strata (3.64 Ga on DM model). The very similar model ages to the rocks

Fig. 2. Schematic geological map of
the Precambrian ock formations of
the Western area of the USh (the
North-Western, Dniester-Bug and
Ros-Tikich geoblocks): 1 — the Pa-
leoarchean enderbite-granulite rock
complexes; 2 — the Neoarchean
rock formations; 3 — the Paleopro-
terozoic synkinematic anatectic
granitoids and migmatites; 4 — the
Paleoproterozoic amphibolite-pla-
giogranite rock complexes; 5 — the
Paleoproterozoic granulites and
charnockitoids; 6 — the Paleopro-
terozoic intrusive and volcanic-plu-
tonic rock assemblages; 7 — the Pa-
leoproterozoic-II anorthosite-rapa-
kivi granite rock assemblages; 8 —
the Paleoproterozoic-II subalkaline
and alkaline intrusive granites; 9 —
the Paleoproterozoic-II sedimantary
rocks of the pre-Korosten’ ages (the
Topylnya series); 10 — the post-
Korosten’ Paleoproterozoic-II vol-
canic-sedimantary rock association
of the Ovruch graben; 11 — boun-
daries of the regions

SHCHERBAK M. P. et al.



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/3 93

of the Tivriv strata have the
anatectic granitoids of the
Gaivoron complex (3.66–
3.5 Ga) [4]. Thus, may be
the rocks of the Tivriv strata
served as substratum for an-
atectites.

We have no reliable U-
Pb data for the rocks of other
strata of the Dniester-Bug
series. However, we have a
whole number of the Sm-
Nd model data to assume
that the rocks of the Be-
reznino strata (garnet-bi-
otite, sometimes cordierite
and   sillimanite-bearing
gneisses, orthopyroxene-pla-
gioclase granulites) can be
neither the Paleoarchean no
the Mesoarchean formations
(2.69–2.45 Ga on DM
model). Heretofore it did not
manage to find any zircon
of the Archean age there. In
addition, the anatectic gra-
nites of this area (the Ber-
dychiv geoblock) are of Pa-
leoproterozoic age only
(2.06–2.01 Ga). This rock
association is widespread in
the Northern part of the
Dniester-Bug region, which
borders on the Paleoprotero-
zoic North-Western region.
There the similar in compo-
sition metasedimentary rock
strata are widespread too
(the Teteriv series). They
differ from the rocks of the
Berdychiv geoblock as to
conditions of metamor-
phism. Northwards of the
Andrushivka deep fault, be-
ing the Northern boundary
of the Dniester-Bug region,
the condition of rock meta-
morphism mainly corre-
sponds to epidote-amphi-
bolite facies.

What is the cause of
these differences? It may be,
that the area of the ancient
Paleoarchean terrane was
essentially less than the
whole area of the Dniester-
Bug region. During the
Neoarchean, and the Pale-
oproterozoic-I (2.6–2.0 Ga)
the northern part of the re-
gion (the Berdychiv geo-
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block) represents the passive continental slope, where sedimentary rocks deposited mainly.
The beginning of the tectonic-magmatic activity of the area corresponds to 2.4–2.3 Ga,
when the earliest dyke rock complex appeared in the Dniester-Bug region [14], and assem-
blage of the volcanogenic rocks of the Novograd-Volynsky strata developed into the North-
Western region [8]. The culmination stage of the activity corresponds to the age period of
2.06–1.96 Ga, when many anatectic granites and rocks of the Osnytsya-Mikashevichy vol-
cano-plutonic belt appeared in the North-Western region. It is the same time, when the
majority of anatectic granitoids arose in the Berdychiv geoblock of the Dniester-Bug region,
and the processes of the latest granulite metamorphism reached their zenith. It is possible,
that the subduction of the rock complexes from the North under the Archean terrane was
the cause of these processes. At least, geophysical data demonstrate that the thickness of the
continental Earth crust increases from North to South from 45–47 to 60–65 km (the
seismic geotraverse VI). It seems possible to explain two vexed questions: 1) why the Pale-
oproterozoic metamorphism and anatexis occurred under such high-temperature condi-
tions; 2) why the Earth’s crust of the most eroded area, that the Paleoarchean terrane is, has
the greatest thickness.

Small trough — like geostructures also arised within the Paleoarchean terrane, which
were also filled up with the Neoarchean or Paleoproterozoic sediments (2.58 Ga, the Bug
series) [15].

So, the Dniester-Bug region (like the Peri-Azovian region) is the oldest protocontinen-
tal terrane of the USh. Unfortunately, we cannot answer the question unambiguously: did
these two regions make a single terrane in the Paleoproterozoic time?

However, we see, that the present differences of the regions are rather determined by
the Paleoproterozoic, than Archean geological events.

The Middle Peri-Dnieper region (Table 3, Fig. 3) is situated between the Peri-Azovian
region in the east, and mainly the Paleoproterozoic Ingul-Ingulets region in the west. It is a
model granite-greenstone area. Its geological development proceeded during the Mesoarchean
(3.2–2.8 Ga). Many similar greenstone areas of the same age are known in the world. A
combination of plagiogranite domes and greenstone structures, which surround them, is
characteristic of the Middle Peri-Dnieper region. The geological profile of the greenstone
structures represents the volcano-sedimentary rock assemblage. The komatiite-tholeite-ba-
salt association (3.17 Ga) lies at the bottom of the profile, and then it changes into the
dacite–andesite-basalt (3.14 Ga) and rhyolite-dacite (3.10–3.07 Ga) rock associations to-
wards the top of the profile. This rock assemblage bears the name of the Konka series. The

Fig. 3. Schematic geological and geochronological map
of the Precambrian rock formations of the Middle Dnie-
per geoblock of the USh: 1 — the Paleoarchean granu-
lites; 2 — the Mesoarchean rock assemblages of the green-
stone structures; 3 — the rocks of the "intergreenstone"
dome-like structures; 4 — Meso- and Neoarchean in-
trusive plagiogranites and granites; 5 — the Paleopro-
terozoic volcanic and sedimentary rocks of the Kryvyi
Rig series; 6 — U-Pb isotopic ages
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upper rock assemblage represents volcanic-
sedimentary strata named the Bilozerka se-
ries. Terrigenous rocks predominate there.
However, the felsic volcanic rocks (rhyo-
lites) occur among them too. Their age is
3.01–2.95 Ga. These rock assemblages are
metamorphized under conditions of the
greenstone, seldom epidote-amphibolite
metamorphism facies. The syngenetic and
synchronous plagiogranites correspond to
every phase of the felsic volcanites (the Sura
complex). The differentiated ultramafic-ma-
fic intrusive rock complexes (3.09 Ga) are
known there too (the Olexandrivka and
Sophiivka intrusions). There are some post-
tectonic granite complexes in the region.
The Saksagan’ granite complex (2.95 Ga)
is the oldest among them. The latter gra-
nites represent the Mokra Moskovka and
Tokivske granite complexes.

We have no age data, which take for
granted the presence of the older rocks, than
greenstone rock assemblages, in the region.
Perhaps, the relicts of granulite rock for-
mations of the Sinelnikove and Tokmak
geoblocks (the Eastern part of the Middle
Peri-Dnieper region) were the basement for
the greenstone rock associations. However,
they occur very restrictedly, and in the re-
gion periphery only. Moreover, the central
part of the region is characterized by the
very thin Earth crust (40–45 km). It would
not occur, if greenstone structures had the
granulite basement.

Thus, the Middle Peri-Dnieper region
is the characteristic Mesoarchean greenstone
area. It developed during about 400 mill.
years (3.2–2.8 Ga), and then it turned into
the stable platform. There are no cogent
arguments that it has the older rock com-
plex basement below. It is the main diffe-
rence of the Middle Peri-Dnieper green-
stone area in comparison with the Peri-
Azovian greenstone structures.

The rocks of the Kryvyi Rig series take
a particular place in the Middle Peri-Dnie-
per region. They fill the homonymous geo-
structure. The series is distributed in the
suture zone between the Mesoarchean
greenstone area (the Middle Peri-Dnieper
region) and the Paleoproterozoic granite-
gneiss area (Ingul-Ingulets region). Unfor-
tunately, the isotopic age data for these for-
mations are not sufficient. However, we
know that the rocks of the Middle Peri-
Dnieper greenstone area were a source of
the sediments of the Kryvyi Rig series. The
age of the clastogenic zircons of the arkose
sandstones of the Skelevatka suite is 3.06–
3.08 Ga. Moreover, we have Sm-Nd isoto-
pic data, which indicate: the volcanic rocks
of the lowest suite of the series (the No-T
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vokryvorizhia suite) were formed for no less than
2.67 Ga [2]. The processes of the latest tectonic ac-
tivity proceeded during 1.80 Ga (data on uraninites
and malakones of the alkaline metasomatites).

The Ros-Tikich region (Table 4, Fig. 2) usually
rates as the Neoarchean region. The supercrustal rock
assemblage of the region represented by the relicts
of the gneiss-amphibolite strata, which are known
as the Neoarchean Ros-Tikich series. However, now
we cannot assert with a fair degree of confidence,
that the Neoarchean rock assemblages occupy the
main part of the region area. We have isolated in-
stances only, when we have been a success to find
the Neoarchean ages in this region. The whole of
them apply to the restricted domain (the Tetiev geo-
block), which is situated in the south-western pe-
ripheral part of the region on its border with the
Dniester-Bug region. The U-Pb isochrone age da-
ting of zircon from amphibolites of this geoblock is
2.58, and 2.70 Ga [11]. We have the Neoarchean
dating (2.62–2.57 Ga) for the two-microcline-pla-
gioclase-biotite granite migmatites of this geoblock
too. However, their geological situation is not clear,
and the dated rocks themselves are those of hybrid
genesis.

For the most part, the Ros-Tikich rock assem-
blage which is represented by plagiomigmatites, di-
orites, granodiorites, plagiogranites also contained
the relicts of the amphibolites, and gneisses. This
rock complex of the synkinematic granitoids is known
as the Paleoproterozoic Zvenygorod complex. It was
formed during the period of 2.14–2.03 Ga. The Sm-
Nd model dating confirms the Paleoproterozoic age
of the substratum of these rocks. The Sm-Nd model
age of both the granitoids and the gneiss xenoliths is
2.17–2.13 Ga (on DM model). Thus, the main area
of the Ros-Tikich region is composed of the Pale-
oproterozoic rock assemblages (the Paleoprotero-
zoic-I).

The later rock associations of the region is rep-
resented by anatectic granites (2.05–1.99 Ga; the
Uman’ complex), and synkinematic intrusions of the
gabbroids and subalkaline granitoids (2.08 Ga; the
Fastiv complex).

Thus, the Ros-Tikich region is the Neoarchean-
Paleoproterozoic terrane of the USh. Only small
amount of the Neoarchean rock associations is
present there. The Paleoproterozoic rock associa-
tions (the Paleoproterozoic-I) play the main part in
its geological structure.

The North-Western region (Table 5, Fig. 2) oc-
cupies the homonymous part of the USh. One of
the oldest region of the USh (the Dniester-Bug re-
gion) is its neighbour in the South. It is the area,
where only Paleoproterozoic rock assemblages take
place.

The oldest rock association of the North-Wes-
tern region is represented by gneisses of the Vasiliv-
ka strata. We have no reliable age data of this rock
association. However, we have the reference U-Pb
isochrone dating of zircon of the superincumbent
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rock assemblage (the Novograd-Volynsky suite (2.43 Ga). This rock assemblage is mainly
represented by volcanic unit. The basic, intermediate and acid volcanic rocks compose the
unit [8]. Thus, the rock association of the Vasilivka strata was formed as early as 2.43 Ga ago.

The period between 2.3–2.1 Ga ago was the non-magmatic period. At least we cannot
find the magmatic formations of this time for sure. Probably, the North-Western region was
the passive continental border during this period. The graywackle and carbonate strata (the
Teteriv series) deposited there.

However during the period of 2.08–1.95 Ga ago (the boundary age interval between the
Paleoproterozoic-I, and Paleoproterozoic-II) intensive metamorphism, anatexis, intrusive
magmatism and voclanism manifested in the North-Western region. Probably, it was the
period of transformation of the North-Western region into the active continental verge like the
Andes pattern. May be, this was the beginning of the collision of the Sarmatian and Fennos-
candian Precambrian terranes [6].

Intensive magmatism of both the crust and mantle genesis has arisen in the North-
Western region. The diversity of magmatic rock complexes, which took place during this
period surprises. One can distinguish the low-alkaline, sub-alkaline and alkaline ultramafic-
mafic associations, temperate alkaline and sub-alkaline intermediate and acidic rock comple-
xes among them. One can distinguish the volcano-plutonic rock association there. One can
observe the magmatic rock associations generated in both the compression and expansion
zones. One can observe the non-differentiated rock complexes as well as layered intrusions.

This was the period of the extensive anatectic granite formation (the Zhitomyr complex,
2.08–2.02 Ga). The intensive growth of the continental Earth’s crust occurred during this
period. The formation of the Osnytsya-Mikashevichy volcano-plutonic belt (the Klesiv volca-
nic unit, 2.02–1.97 Ga; the Osnytsya complex, 1.99 Ga) can serve an example. The belt has
formed under conditions of intensive compression. As a rule, the rocks are strongly metamor-
phised.

The deep faults corresponding to the expansion zones are formed synchronously with the
compression zones. The abyssal magmatic melts have intruded into the upper crust. Their
composition depended on the depth of the melting centers as well as the composition of the
initial substratum. As a result, the different assemblages of intrusive rocks have arisen. The sign,
which unifies them, is that they are not strained and metamorphised as the rocks of the
compression zones. We can distinguish the following rock assemblages there: 1) the ultramafic-
mafic low-alkaline and temperate-alkaline rock association (the Prutivka complex, 1.99 Ga);
2) the sub-alkaline gabbro-monzonite-granodiorite, and gabbro-syenite-granite rock assem-
blages (the Buky complex, 1.99 Ga; the Kishin complex, 1.95 Ga); 3) the alkaline ultramafic
rock assemblage (the Gorodnytsa  complex). Some of these rock assemblages are ore-bearing.

The period of 1.95–1.80 Ga was the period of tectonic stabilization of the region. One can
observe only clastogenic formations of the platform type for this period (the Pugachivka strata,
and the Topilnya series). The Paleoproterozoic-I rock formations were the sources of denuda-
tion for these clastogenic sediments (U-Pb ages of clactogenic zircons are 2.28–2.09 Ga).

However, the period of stabilization of the North-Western region was not long. The new
phase of magmatic activity occurred during 1.80–1.73 Ga (the Paleoproterozoic-II). The
collision of two great Precambrian terranes (the Sarmatia and Fennoscandia) caused the origin
of the rift-like structures where the processes of intensive expansion were predominant. As a
rule, the sites of these structures are the verges of the colliding terranes.

Magmatic assemblages of this period are various. The gabbronorite-anorthosite-rapakivi
granite (the Korosten’ complex), sub-alkaline and alkaline granite associations (the Perga
complex) played the main part among them.

The volcanic rock association (trachyandesite-rhyolite) is also known. One can observe
these rocks in the Ovrush structure of the North-Western region.

The Korosten’ pluton is the polyphase intrusion. U-Pb data on zircon and baddeleyite age
in the rocks of the Korosten’ pluton allow estimating the total duration of the pluton formation
(about 60 mill. years) as well as to reconstruct a sequence of intrusion of its main rock units: 1)
early anorthosite unit (1.80–1.79 Ga); 2) rapakivi granite unit (1.77 Ga); 3) gabbronorite-
anorthosite unit (gabbronorites, anorthosites, less gabbro, ultramafites and basic dyke rocks —
1.76–1.75 Ga); 4) non-ovoid biotite subalkaline leicogranite unit (1.75 Ga); 5) granite-por-
phyry and rhyolite unit (1.74 Ga) [1, 8].

About 1.7 Ga is the time, when the collision of the protocontinental terranes finished and
the North-Western region became the stable platform and an area of denudation. Sedimenta-
tion took place in the Ovruch depression graben-like structure only. The rocks of the Korosten’
pluton were the main source of clastogenic material. All clastogenic zircons of the Ovruch
series were formed within 1.81–1.74 Ga.

The Ingul-Ingulets region (Table 6) is the Paleoproterozoic part of the USh as well as the
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North-Western region. The supercrustal formations of the region are represented by the rocks
of the Ingul-Ingulets series. Unfortunately, we have not reference isotopic age data for these
rocks.

The anatectic granites of the region represent the granites of the Kirovograd complex that
is an analogy of the Zhitomyr complex of the North-Western region (2.06–1.97 Ga). The early
phase of intrusive magmatism represents the rocks of the Novoukrainka pluton (2.02 Ga) [10].
The final phase of post-orogenic tectono-magmatic activity is represented by the rocks of the
anorthosite-rapakivi granite rock complex of the Korsun’-Novomyrgorod pluton (1.72 Ga —
the final phase of gabbro-labradorites) [11].

Conclusion. There are six main geochronological units in the Precambrian history of the
USh: the Paleoarchean, the Mesoarchean, the Neoarchean, and the Paleoproterozoic (the
latter is subdivided into two sub-units: the Paleoproterozoic-I, and the Paleoproterozoic-II).
These units were determined on the basis of the reference isotope data which were determined
on zircon of volcanic rocks, granitoids, and metasedimentary rocks.

The Paleoarchean (3.65–3.2 Ga) is represented by rocks of the Western Peri-Azovian, the
Auly, the Dniester-Bug groups (series) of metamorphic rocks; the Novopavlivka and Gaivoron
granitoid complexes. The lower age limit of the Paleoarchean was determined on the magmatic
formations of ultramafic-mafic-thonalite rock association of the Novopavlivka complex, and
the upper one — on enderbites of the Gaivoron and Novopavlivka complexes. The poor iron-
ore mineralization of vague genesis is correlated with the Paleoarchean formations. Thus, the
Paleoarchean formation are found out and dated surely in the Dniester-Bug and Peri-Azovian
megablocks.

The Mesoarchean (3.2–2.8 Ga). The typical volcano-plutonic rock assemblages of the
greenstone belts are generated during the Mesoarchean. At least three volcano-plutonic rock
assemblages are characterized by isotope age data in the Middle Dnieper megablock: 1) meta-
dacite of the Sura series (3.17 Ga) — thonalite of the Sura complex of the 1st phase (3.17 Ga);
2) metarhyolite of the Chortomlyk suite (3.14 Ga) — thonalite of the Sura complex of the 2nd
phase (3.14 Ga); 3) metarhyolite of the Solenivka suite (3.08 Ga) — thonalite of the Sura
complex of the 3nd phase (3.05 Ga).

Differentiated intrusions of the Sophiivka and Alexandrivka complexes were generated
synchronously to the volcanic-plutonic rock assemblages on the basement of the greenstone
structures.

The Neoarchean (2.8–2.6 Ga) is represented by the rocks of the Ros-Tikich and Bug
series. The lower age limit of the Bug series is determined from clastogene zircon, and the
upper age limit of the Ros-Tikich series — from zircon of granitoids. May be, some craton-like
structures of the Peri-Azovian geoblock belong to the same age epoch (such as the Gulyaipole
structure). A lot of granitoid complexes are characteristic of the Neoarchean. They are post-
tectonic for the protoplatform geoblocks (the Dniester-Bug and Middle Peri-Dnieper), and
syntectonic for the Ros-Tikich geoblock.

The formation of large depressions crowded with metamorphized volcanogenic-sedimen-
tary rocks is characteristic of the Paleoproterozoic-I (2.6–2.0 Ga). There are the formations of
the Kryvyi Rig-Kremenchuk, Ingul-Ingulets and Teteriv geostructures. The rock complexes
are mainly represented by clactogene sedimentary formations (the Kryvyi Rig, Teteriv and
Ingul-Ingulets series); the role of volcanic rocks is moderate there.

The radioactive accessory minerals were found in clastogene rocks of the Skelevatka
suite of the Kryvyi Rig series. These rocks are products of denudation of the greenstone rock

Table 6. The Ingul-Ingulets megablock
Infracrustal (anatectic and intrusive-magmatic) rock

complexes
Dated processes

Genetic type of zircons and monozites
U-Pb reference isotope ages, Ma

Anatexis and
metamorphism

Intrusive post-tectonic
magmatism

Anatectic granite
complexes, and

syntectonic intrusive
complexes

Post-tectonic intrusive
complexes

Anatectic and
synorogenic

magmatogenic

Magmatogenic

Granites of the
Kirovograd complex

Granitoids of the
Novoukrainka complex

Gabbro-anorthosites of the
Korsun’-Novomyrgorod
complex

2060–1970 2020

1720
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formation. Their age is 2.8–3.0 Ga.
The age of felsic volcanic rocks of the Teteriv series is 2.43 Ga. The beginning of

formation of these depressions is estimated as 2.4–2.6 Ga. The ages of syntectonic anatectic
granites (the Zhitomyr, Kirovograd and other complexes) are the high limit of evolution of
these depression structures (2.08 Ga). Thus, their evolution lasted during 500 mill. years.
The large sinking of the Moho surface and thickening of the Earth’s crust are connected
with formation of these structures on geophysical data.

The genesis of two volcanic-plutonic assemblages of the Volyn geoblock (the Klesiv-
Osnytsya (2.02–1.97 Ga) and Ovruch-Volcha-Korosten’ (1.80–1.74 Ga)) correspond to the
Paleoproterozoic-II (2.0–1.6 Ga). The subplatform sedimentary rocks of the Tolkachy suite
of the Ovruch series (1.74–1.6 Ga) are the latter Precambrian formation in the USh.

Thus, subdivisions of the Archean of the USh are corresponding to geochronological
units of the International Scale of the Geological Time (the high limits: the Paleoarchean —
3.2 Ga; the Mesoarchean — 2.8 Ga; the Neoarchean — 2.5 Ga). The Meso- and Neopro-
terozoic formations are not discovered in the area of the USh. Two sub-units (the Paleopro-
terozoic-I and the Paleoproterozoic-II) are distinguished in the Paleoproterozoic unit (2.5–
2.0 Ga, and 2.0–1.6 Ga).
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ÐÅÇÞÌÅ. Ïðèâåäåíû ðåçóëüòàòû àíàëèçà ðåïåðíûõ èçîòîïíî-ãåîõðîíîëîãè÷åñêèõ äàííûõ, ïîëó÷åííûõ äëÿ
äîêåìáðèéñêèõ ïîðîä Óêðàèíñêîãî ùèòà (ÓÙ) ê íàñòîÿùåìó âðåìåíè. Âûïîëíåíà êîððåëÿöèÿ
ãåîõðîíîëîãè÷åñêèõ ïîäðàçäåëåíèé äîêåìáðèÿ ÓÙ ñ ïîäðàçäåëåíèÿìè Ìåæäóíàðîäíîé ãåîõðîíîëîãè÷åñêîé
øêàëû äîêåìáðèÿ.

ÐÅÇÞÌÅ. Hàâåäåíî ðåçóëüòàòè àíàë³çó ðåïåðíèõ ³çîòîïíî-ãåîõðîíîëîã³÷íèõ äàíèõ, îäåðæàíèõ äëÿ
äîêåìáð³éñüêèõ ïîð³ä Óêðà¿íñüêîãî ùèòà (ÓÙ) íà òåïåð³øí³é ÷àñ. Âèêîíàíî êîðåëÿö³þ ãåîõðîíîëîã³÷íèõ
ï³äðîçä³ë³â äîêåìáð³þ ÓÙ ç ï³äðîçä³ëàìè Ì³æíàðîäíî¿ ãåîõðîíîëîã³÷íî¿ øêàëè äîêåìáð³þ.
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Petrology of the Ukrainian Shield

Petrological peculiarities of the blocks, composing the Ukrainian Shield, have been characterized. It is stated, that the
base of the Shield structure is composed by the rocks, formed as a result of regressive reworking of the primary Earth’s
crust — the bimodal enderbite-mafite association of 3650–3400 Ma age. This association rocks are mantle-derived
ones. The main stage of reworking of the protolith was carried out in the period of about 2000 ± 200 Ma. Formation
of the majority of autochthonous granite complexes began from the stage of plagiogranitization. The subplatform basic,
acid and alkaline magmatism was of the mantle-derived nature and restricted by the activation zones. Alkaline magmatism
on the Shield developed comparatively early — in the Meso-Proterozoic. Metamorphism of sedimentary-volcanogenic
rock-masses was realized in all the metamorphic facies of moderate pressure. It was both regional and local, progressive
and retrograde. Evolution of some blocks on the basis of petrological data may be elucidated from the plate tectonics
positions.

The Ukrainian Shield (USh) is constructed by products of reworking of the primary Earth’s
crust in the crust astenosphera conditions. Derivatives of the ultrabasic, basic, acid and
alkali magmas constitute in modern erosive cut of the Shield no more than 10 %.

The six-block structure of the USh is accepted (Figure).
The areas (blocks, domains) of the USh with all their distinctions can be divided into

three types, though each of the blocks have its own petrological peculiarities. The Dniester-
Bug, Peri-Azovian and "apogranulite" Ros-Tikich Àreas are granulite-gneissic ones. Gra-
nulite rocks prevail in the first two blocks. In the Ros-Tikich block granulites appear as
megaxenoliths or "erosion windows". The Ingul-Ingulets and North-West Areas are granite-
gneissic blocks of the type of folded belts. They are composed by metamorphic rocks of
mainly amphibolite facies and by granites. The Middle Peri-Dnieper block is of granite-
greenstone type. It has its own history.

Four stages of the crust and mantle magmatism may be distinguished for the non-
greenstone blocks of the USh: 3650–3400, 3100–2800, 2100–1950 and 1850–1750 Ma.
The listed stages repeated in all the blocks of the USh with different entirety. Dyke magma-
tism has been present in all the areas, except for the Dniester-Bug and Ros-Tikich ones, in
the period of 2000–1100 Ma, beginning from the time of platform stabilization.

In fact, two the most powerful stages of magmatism of 3650–3400 and 2000 ± 200 Ma
age were manifested in the non-greenstone areas, which have created the continental Earth’s
crust. We link them with Earth’s extension. The former is mainly enderbitic, of mantle-
derived origin, when non-exhausted mantle was released from the lithophile elements [3].
The oldest granitoids are sodic in composition. The latter is mainly crystal one with involve-
ment of the mantle processes. The second stage is probably connected with repeated mantle
fractionation. It was realized owing to extensive introduction of potassium into the crust
from the depth, and probably metasomatized levels of the upper mantle. It is typical, that all
the mantle-derived formations of that period were the products of the exhausted mantle.
Nevertheless, to the beginning of the USh cratonization the upper mantle was differentiat-
ed, but weakly depleted [22]. The Middle Peri-Dnieper granite-greenstone area had essen-
tially another periodization of magmatism.

Magmatism of the USh and its evolution have been considered recently in papers [8,
18].

Granulite-gneissic areas. Basement of the granulite-gneiss domains is formed by the
oldest in the Earth’s history bimodal association, composed by the acid and basic compo-
nents — enderbites and bi-pyroxene crystalline schists. The latter make at an average 10 %
of this association. Plutonic mafite-ultramafite rocks are the most distributed in the limits of
the Golovanivsk (Middle Peri-Bug Area), Orikhovo-Pavlograd (Middle Peri-Dnieper Area)
suture zones and in the Peri-Azovian Area. The bimodal association together with ultrama-
fites of the same age represents the primary Earth’s crust: the earlier crust does not exist.
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Enderbites in the locatypic exposures of the Middle Bug Area are greenish-grey, greasy,
massive and weakly gneissise rocks, where hypersthene sharply predominates over clinopy-
roxene. Their composition varies within a wide range — from andesite up to plagiorhyoda-
cite. Petrochemical researches have shown, that the most probable genesis of rocks is volca-
nic one [13]. Maxima of SiO2 are in the interval 61–68 %. As to composition they are the
closest to dacites (tonalites). Age of zircon from Zavalie enderbites is of 3.65 Ga, time of
substance separation from the mantle according to the data of Sm-Nd method is 3.8–3.9 Ga
[7]. Thus, there is a break in time, evidencing, probably, for the recycling of primary mate-
rial. Oxygen isotopes (18O = –6… –7 ‰) testify to the magmatic origin of the initial source
for enderbites. Content of rare-earth elements (REE) is low; their distribution is poorly
differentiated with predominance of light REE. Usually, there is a Eu-maximum, from
which follows, that the primary rocks were not subject to any differentiation.

Enderbites possess negative Nd all over the world. The values of Nd = –1.8 and ISr =
= 0.701–0.709 are established [7] for enderbites of the USh. These data can be considered
either as an indication to non-depleted mantle source or as an indication of the recycling of
the primary rocks. The melting of the primary substance for bimodal association has pro-
bably resulted in the exhaustion of the upper mantle, owing to which all the consequent
formations were derivatives of the depleted mantle. As to ultramafites, they unambiguously
would be the later derivatives than enderbites since they have intruded in the available
framework.

In our opinion, enderbites and grey gneisses are unambiguous concepts. Enderbites and
grey gneisses became a source of younger rocks — various charnockitoids and granites.

The basic components (members) of the bimodal association are metabasites (bi-py-
roxene-plagioclase crystalline schists). As to chemical composition they are quite original
and have no full analogues among the younger rocks. High maficity is the main feature of
Precambrian mafites, noticed for the first time by I. S. Usenko 10 years before the discovery
of komatiites. The sum FeO + MgO makes 15–20 %. Other features: low content of SiO2
(47 % at an average), low K2O (0.1–0.9 %), TiO2 (0.5–1.4 %), low common ferruginosity.
The degree of iron oxidation is different, since presence of rocks of different genesis up to
dyke ones, is supposed among them. Their composition as a whole is closer to the oceanics.
Some compositions proceeding from the ratio CaO/Al2O3, MgO content above 10 %, low
content of TiO2 and K2O can be referred to basalt komatiites of the Barberton type or even
to boninites. They have various, mainly weakly differentiated distribution of REE (La/Yb =
= 2–4), low content of the REE sum and do not bear the Eu-anomaly, that allows them to

Generalized petrological-tectonical scheme of the Ukrainian Shield. Areas: 1 — granulite-gneisic; 2 — "apogranulite";
3 — granite-gneisic; 4 — granite-greenstone. Regions: I — North-Western; Ï — Dniester-Bug; Ø — Ros-Tikich; IV —
Ingul-Ingulets; V — Middle Dnieper; VI — Peri-Azovian Sea
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be referred to volcanites.
Metamorphism of basic mafites was realized in several stages. The main phase para-

meters: T = 910–960 °C, P = 700–800 MPa. The second phase is the high-temperature
hydration: T = 810–890 °C, P = 760–640 MPa, the third is dehydration of hornblende and
partial eclogitization: T = 860 °C, P = 900 MPa. Cummingtonitization and amphibolization
in the amphibolite facies conditions occurred in the future. Judging from significant diffe-
rences in composition, REE distribution and various radioisotope age, metabasites do not
constitute a single formation. There are both syngenetic rocks with enderbites and the later
formations among them. They probably are the products of a weakly depleted mantle with
a rather high degree of melting — up to 50 %.

Hypersthene crystalline schists and plagiogneisses, i.e. metamorphosed andesibasalts
and andesites occupy a significant place in the structure of bimodal association.

Association of the oldest mafites with ultramafites is most completely represented in
the limits of the Orikhovo-Pavlograd zone (Novopavlivka complex). Ultramafites are pre-
sented by serpentinites, peridotites and pyroxenites. The U-Pb age of pyroxenites is 3670 Ma,
which is close to that of enderbites, 3400 Ma. In the Middle Bug Area (Sabarov complex)
these rocks appear as xenoliths among enderbites. The rocks consist of wehrlites and phlo-
gopite-bronzite pyroxenites. Their composition indicates to the origin of the oldest ultrama-
fites from the non-depleted mantle.

The second stage of the mantle-derived magmatism in granulite areas was marked by
the intrusion of the Middle Bug, Ros-Tikich and Mangush (Peri-Azovian) Area rocks of
mafite-ultramafite associations. Motley rock-masses of Neoarchean Bug and West Peri-
Azovian series served as enclosing rocks. Mafite-ultramafite rocks of the Middle Bug asso-
ciation are confined to the Golovanivsk suture zone. The latter represents a thickening of
the Earth’s crust (up to 65 km) and some geologists consider it as an ophiolite formation.
Mafite-ultramafite association is divided in two complexes [9]. The Derenyukha gabbro-
peridotite complex is composed of differentiated intrusions, confined to synclinal structures,
composed by the Bug series rocks. The Kapitanovka complex as to its composition is dunite-
harzburgite one. Its intrusions are poorly differentiated and controlled by faults. Ultrama-
fites of the both complexes are represented by apodunite serpentinites, harzburgites, rarely
by lherzolites, orthopyroxenites and websterites. Sometimes they are olivine-bearing. Gab-
bronorites and their amphibolized varieties prevail among the basic rocks. All the rocks are
high magnesian. Common ferruginosity (F = FeO/FeO + MgO) of ultramafites makes 20–
25, that of mafites — 55–60 %. The mafite-ultramafite association rocks are derivatives of
the depleted mantle of the high degree of melting. Age of the rocks — 2800–2600 Ma [21].

The cupola intrusions of the middle- and coarse-grained charnockitoids of Lithic com-
plex were simultaneously formed in other parts of the granulite areas. They arose both at the
expense of ancient enderbites and by anatexis of the rocks of appropriate composition of
supracrustal series. Formation of the paraautochthonous intrusions was promoted by lowe-
ring of pressure to 500–600 MPa at temperatures — about 780 °C. Trondhjemites of the
Shevchenko complex (2845–2780 Ma) are associated with enderbites in the Azov Sea Area.
Granulites of the Ros-Tikich blok were for that time reworked in amphibolite facies condi-
tions. The autochthonous massives composed by granodiorites and plagiogranites (Tetiyv
and Sobite complexes) were formed in place and at the expence of enderbites.

The exposure of granulite blocks at the amphibolite level was accompanied by rewor-
king of all the prior rocks with transformation of the greater part of these areas into granite
provinces. Formation of granites began at the granulite facies level from melting of nume-
rous cupola intrusions of the middle- and coarse-grained charnockites. Metapelitic rocks of
the Dniester-Bug series have been transformed into biotite-garnet and pink aplite-pegma-
toids-granites of Berdychiv and Bug complexes. In the Peri-Azovian Area diorites and to-
nalites (Obitochne complex) and leucocratic granites (Anadoly complex) were formed. In
the Ros-Tikich Area the large massives of the two-feldspar (Uman’ complex) and equigrained
(Stavishche complex) granites at the expense of soda granites had arisen. The band-shape
combination of s- and i-granites is characteristic of the Uman’ massive. The massive is
dismembered according to mineral characteristics, in particular, according to biotite com-
position.

The stage of the platform stabilization in the Dniester-Bug Area includes the intrusion
of the Proskuriv and Antonivka massives of alkali-ultramafic mantle derived rocks and the
Reut massif of the rapakivi-like granites. The Chernigivka alkali-ultramafic massif, the Octy-
abrsky massif of alkali syenites and a number of massives of rare metal granites of 1800 Ma age
belong to this time in the Peri-Azovian block.
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Metamorphic rocks of the granulite blocks are presented by the oldest in the USh
deposits of the Paleoarchean Dniester-Bug, West Peri-Azovian and Neoarchean Bug, Cen-
tral Peri-Azovian and Ros-Tikich series. The latter three were preserved as relicts of syncli-
nal structures on the Archean basement.

Composition of metamorphic rocks is rather motley. The meta- and semipelites are the
most distributed ones. They are represented by high-alumina, moderate alumina and low
alumina plagiogneisses. Most gneisses contain graphite up to commercial scales (the Zaval-
lya graphite deposit). Garnet is pyrope-almandine one. Its minimum ferruginosity in gra-
nulites of the Saxon type — 55 %. Orthopyroxene (f = 44-50 %) is aluminous (Al2O3 = 2–
4 %), biotite is high titaniferous (TiO2 = 5–6 %). Paragenesis of cordierite (f = 25–35 %)
with orthopyroxene is characteristic of the granulite blocks with pressure lowered to 500–
600 MPa. The iron rocks (eulizites) are composed by magnetite, ortho- (f = 45–64 %) and
clinopyroxenes   (f = 42–50 %), garnet (f = 65–75 %) and quartz. Seldom there is olivine
(f = 40–95 %). Magnetite content being decreased the ferriferousity of all the minerals
essentially increases. Superposed minerals: hornblende, cummingtonite, biotite. Quartzites
with magnetite content about 28 % belong to ordinary iron ores. The nonmetal quartzites
contain garnet, sillimanite, cordierite, tourmaline, biotite. Barite quartzites with barite, cel-
sian, clinopyroxene, actinolite, scheelite were detected. Carbonate rocks are represented by
calcite and dolomite calciphyres. Their composition is as follows: calcite, dolomite, forste-
rite,  phlogopite, less often: diopside, tremolite, spinel, clinohumite. Barium phlogopite
(BaO — 17 %) occurs in calciphyres. Content of magnetite in carbonate-magnetite calci-
phyres reaches 70 %. Calc-silicate crystalline schists (scarnoids) contain grossular, clinopy-
roxene, plagioclase (## 80–100), biotite, hornblende, quartz, wollastonite, scapolite and
almost always scheelite. Clinopyroxene in skarnoid is usually overgrown by garnet, that is
considered by us as a sign of the increasing pressure. The conditions of skarnoids formation
are estimated by parameters: T = 800–900 °C, P = 600–800 MPa.

Amphibolites, amphibole- and biotite-plagiogneisses prevail in the structure of the
Ros-Tikich series of the block. Some of them may be considered as diaphtorites after the
granulite metabasites. Typical granulites were also preserved as "erosion windows" among
granites.

Distribution of the metamorphism facies in the limits of the granulite-gneissic blocks is
determined by the fault tectonics. Blocks, constructed by high-granulite, low-granulite with
imposed amphibolite facies are alternated. It was considered that the progressive branch of
granulite facies had been destroyed at least spatially. Now, the facts are accumulated to
evidence for the progressive character of granulite rocks and their passing through amphi-
bolite and epidote-amphibolite facies. Here is one of examples. In the oldest zircon from
enderbites the inclusions of hornblende and biotite with chemical composition of amphibo-
lite facies have been determined [16]. In the later zircon crystals the inclusions are presented
by orthopyroxene and titaniferous biotite. Rocks of the regressive branch are traced well in
the direction of the Ros-Tikich Area.

For the Western Podolian part of the Dniester-Bug block clear metamorphic zonality
with decreasing PT-conditions from south to north has been established.

From the plate tectonics position the Dniester-Bug block and adjoining North-West
regions may be represented as a single microplate (slab) slopely plunging to the North. The
"granulite arc" rocks of the South-West borderland of the USh could be a raising part of the
plate. The "granulite arc" contains all the representatives of the oceanic crust: ultramafites,
tholeites, quite often with boninite tendency of composition. The area of development of
the Berdychiv s-granites can be accepted as an accretion wedge. The following age zonality
has been established: from front to rear of the arc the age of rocks is rejuvenated: from
Paleoarchean in the South to Mesoproterozoic in the North, near the Volyn’-Dvina vulca-
no-plutonic belt. A normal petrochemical zonality, as a characteristic of oceanic arcs — the
increment of magmatic rock alkalinity. From the South to the north the rocks become more
and more alkaline and depth of rocks melting increases. Numerous findings of diamonds are
known here. They may be connected with a subduction zone. The angle of imbedding of
microplate to the north is very flat — about 10–15°.

Granite-gneiss areas. The gneiss basis of the Ingul-Ingulets block Early Proterosoic in
formed by metamorphic rocks of the same series. The rocks of the Kamyanka-Kostovata,
Roshchakhivka and Spasivka suites of this series have been metamorphised in granulite
facies, and those of the Checheliivka — in amphibolite facies. In the Kamyanka-Kostovata
and Spasivka suites the rocks are mainly represented by hypersthene-biotite crystal schists
and plagiogneisses i.e. by metaandesites and metadacites; in the Roshchakhivka suite — by
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aluminous plagiogneisses (metapelites) and in the Checheliivka suite — by high-aluminous
and moderate-aluminous plagiogneisses (meta- and semipelites).

The skarnoid-type rocks — the calc-silicate crystal schists are distributed everywhere as
the boudinage structures. Their paragenesis is: clinopyroxene, basic plagioclase, sphene,
wollastonite. It should be noted, that calcareous garnet around clinopyroxene is absent in
these rocks. It evidences for some lower pressure.

Granulite metamorphism of this block was less deep-seated and has distinctly ex-
pressed progressive branch in comparison with granulite blocks. Granulite facies metamor-
phism parameters are: T = 700–800 °C, P = 500–600 MPa, and that of amphibolite facies
rocks: T = 620–680 °C, P = 500 MPa [23]. Taking into account geophysical data, it is
possible to suppose availability of two granulite "layers" for the Ingul-Ingulets block. The
lower layer is presented by the non-opened rocks of the Dniester-Bug series and the upper
one — by the granulite suites of the Ingul-Ingulets series.

Two parts of the USh composed by the Dniester-Bug and Ingul-Ingulets series rocks
can be represented as paired metamorphic belts of moderate and low pressure, correspon-
dingly. The crust thickenings, limiting the Ingul-Ingulets region on the East and West, may
be explained as the zones of syntaxis, as a result of plates hummocking. Geological and
geophysical data show that relationships of the blocks are of the obduction type. In the
period of metamorphism the Ingul-Ingulets block was the compression area. Its borderlands
overlapped the Dniester-Bug and Middle Peri-Dnieper blocks.

The Archean magmatism in the Ingul-Ingulets block has not been established. The
rocks of the Tashlyk complex of the metamorphogenic charnockitoids, localized among the
Spasivka granulites, may be assumed as analogs of the Archean Gaivoron complex. All the
granites were formed in conditions of the crust asthenosphere. Some genetic and age types
may be distinguished among them. Porphyritic granites of the Voznesensk complex form an
indistinctly expressed dome. They have been generated at the expense of the Roshchakhivka
and Kamyanka-Kostuvate suites rocks in conditions of granulite, partly amphibolite facies.
The pressure exceeded 200 MPa, thus temperature of crystallization of granites was rather
low — about 650–680 °C. Rare-metal deposits are confined to the Voznesensk granites.

Massives of porphyritic granites belonging to the Kirovograd complex, are mainly au-
tochthonous; small bodies being of a dome structure. They were generated in the amphibo-
lite facies conditions at the expense of metapelites of the Checheliivka suite at T = 650 °C,
P = 200 MPa. They are typical s-granites of collision zones.

Geological axis of the Ingul-Ingulets block is represented by two granite plutons — the
Novoukrainka in the South and the Korsun’-Novomyrgorod in the North. They lay in
bounds of the long-living meridional lineament Kherson-Smolensk, which had ensured
high thermal stream. In its southern part, the lineament in the form of deep-seated fault
opened all the crust, where the Novoukrainka pluton of 2020 Ma age is formed. In the
North the fault opened the upper mantle and there the Korsun’-Novomyrgorod pluton of
1750 Ma is observed.

Polyfacial mantle-crust intrusions of intricate structure are formed on a boundary of
about 2 Ga almost in all the blocks of the USh, monzonites being their most characteristic
rocks. Strictly speaking they cannot be named monzonites since it is rather orthopyroxen
than clinopyroxene which is the only pyroxene there. N. I. Bezborod’ko offered the term
"ukrainites" for these rocks. Ukrainite is the orthopyroxene monzonite.

Monzonite-granite massives are confined to large faults. The Novoukrainka pluton is
the largest monzonite-granite massive in the Ingul-Ingulets block. It is 65 km in diameter.
The form of pluton is an inverted cone. By geophysical methods pluton is opened at the
depth of 15 km. It is roughly stratified. The upper horizon is composed by the black-quartz
trachytoid granites, the middle part — by hypersthene-bearing granites and monzonites, the
lower one — by monzonites and gabbromonzonites. Gabbronorites and metamorphic rocks
of the Ingul-Ingulets series occurred in a form of xenoliths. The "upper" granulite facies
rocks served as the substratum for granites. In particular, it is proved by full similarity of the
REE distribution in monzonites and hypersthene-biotite plagiogneisses of the Spasivka suite.
The Novoukrainka granites are always associated with the garnet-biotite granites of the
Kirovograd complex. It is supposed that the centre of granite formation arose in the base of
the crust-asthenosphere layer and was initiated by the intrusion of basic magma with crys-
tallization temperature of the order of 1000 °C. The creation of the centre was preceded by
formation of porphyritic granites of the Kirovograd type. The black-quartz granites crystal-
lized under the pressure below 200 MPa, at T = 780 °C.

The 25 km long Buky massive and a whole group of similar massives localized along the
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deep-seated Teterev fault are the analogue of the Novoukrainka massif in the North-West
Area. The Buky massive is a distinctly intrusive body cutting s-granites of the Zhitomyr
complex. The massive is composed by monzonites and granodiorites. Granites are absent.
Obvious link with mantle-derived rocks is established: the bottom part of the intrusion is
made up by peridotites and pyroxenites.

The Khlibodarivka massif of the Peri-Azovian block is a full analogue of two massives
mentioned. Association of the mantle and crustal rocks is characteristic of all these massives.
The mantle magmas provoked the crustal granite formation. The offered mechanism is also
applicable to the anorthosite-granite-rapakivi plutons.

The Korsun’-Novomyrgorod pluton in the Ingul-Ingulets area and Korosten’ pluton in
the North-West Area are the parts of one chain of the rapakivi-granite plutons framing the
South-West and the West of the East-European platform. Structure, geological position and
rock composition of these plutons are actually identical. The Korosten’ pluton is the most
investigated one.

The Korosten’ pluton of the North-West Area has the sizes of 150–110 km and stra-
tified structure. According to geophysical data, several subhorizontal layer-shaped bodies of
the basic and acid rocks are interchanged. The Korosten’ pluton intrusion occurred at the
depths of about 10 km. Contacts of the both plutons with the enclosing rocks are precise,
often with formation of hornfelses. It is proved that anorthosites, gabbroides and ultrama-
fites were the first to intrude, later there were rapakivi and leucocratic rare metal granites.
All massives of basic rocks are stratified. There are no genetic links between basic and acid
rocks. It is supposed that basic rocks were built-up by differentiation in the intermediate
chambers of high-alumina basaltic andesite magma [12]. Evolution of initial magma was
carried out in an interval T = 1350–760 °C and P = 1400–500 MPa, that corresponds to the
depth of 15–48 km. Formation of the Korosten’ pluton together with accompanying gra-
nites occurred during 60 mln years (1800–1740 Ma). Rapakivi are the product of anatexis of
enclosing rock of the lower crust. It is proved by data on Nd = –1.8. Basic magma was
contaminated: Nd = –0.8; ISr = 0.7030–0.7060. Distribution of REE in the Korosten’ rapa-
kivi is characterized by a deep Eu-minimum: Eu/Eu* = 0.23, but anorthosites have Eu-
maximum: Eu/Eu* = 1.5. For the Korsun’-Novomyrgorod rocks these values are: 0.3 and
2.2, accordingly.

The Korsun’-Novomyrgorod pluton encloses the Russkaya Polyana massive of the rare
metal granites. It is supposed, that they are metasomatic rocks — a result of K-Si metaso-
matism imposed on the rapakivi granites.

The North-West Area as a whole and especially its northern part is the completely
particular zone of activation which has no analogues on the USh. It is obviously superim-
posed structure of the Klesovo tecto-magmatic cycle. Similarly to analogous structure of the
Baltic Shield it may be considered as a zone of reflected Svekofennian activation connected
with creation of the Volyn’-Dvina volkano-plutonic belt. A rather various and often produc-
tive magmatism is the result of this activation. Very high volcanic activity is characteristic of
this zone. There were at least five age stages of volcanism: in the Vasilyevka suite, in Novo-
grad-Volynsky suite, in Klesovo, Topilnya and Ovruch series. Several stages of the dyke
magmatism have been defined. One more petrological feature, which is also determined by
geodynamic position in the area, is subalkaline character of most magmatic formations.

Alongside with aluminous metamorphic rocks the amphibole-bearing ones are widely
represented. They are the metamorphic analogues of basalts, andesibasalts and andesites.
The motley rock mass of the Kocheriv synclinorium makes the exception. Rocks of the
granulite base appear as windows among the Korosten’ pluton and in its frame.

Amphibolites, biotite-hornblende, biotite plagiogneisses and crystal schists (basalt-
andesibasalt formation) compose the oldest in the area the Vasilyevka suite with the age of
about 2600–2500 Ma. The rocks have been progressively metamorphised in the amphibolite
facies conditions at T = 590–620 °C. According to chemical composition — high content of
TiO2 and K2O — these rocks are of subalkaline character. Probably, they are the first
subalkaline volcanites of the USh. They have ISr = 0.7023 and this value specified their
mantle-derived nature. Among amphibole-bearing rocks the almond-shape bodies of fine-
grained amphibolites (metaporphyrites), metagabbroids, metapyroxenites and metaperido-
tites are allocated. The latter, by N. M. Kostenko’s proposition, are united into the Nartsy-
sovka complex [10]. Quartz diorites make up a significant part of this suite. Their genesis as
a result of anatexis is proved by high crystallization temperatures — about 640–670 °C.
Higher temperatures — about 680–750 °C, — have been calculated for plagiogranites of the
Sheremetiv complex. The latter form small veins, cutting the Vasilyevka suite rocks.
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Products of the following stage with the age of 2400 Ma are volcanites of the Novo-
grad-Volynsky thickness. The suite is composed by dacites, rhyodacites and plagiorhyoda-
cites. Most of them are of obviously subalkaline character. The fact would be emphasized:
subalkaline volcanism in this area had been arisen right at the beginning of the orogenic
evolution. The subalkaline trend predominates in composition of the younger magmatic
rocks.

All the southern part of the North-West block is occupied by granites and migmatites
of the Zhitomyr complex. They are anatectic, usually of two-micas and often garnet-bearing
granites, of both autochthonous or paraautochthonous formation mechanism. Granites are
mainly formed at the expense of semipelites of the Teterev series. Several granites have
obtained their own names: Zhitomyr, Kornin, Mochulyany, Korostyshiv, Bystreivka, Kur-
chitsa, etc. By the sum of alkali many granites are close to subalkaline ones. Their age is
2.06–2.04 Ga. Granites of the Tokarivka and Novograd-Volynsky massives differ by the
intrusion shape of occurrence. They, as a rule, are porphyritic and contain blue quartz,
sometimes, sillimanite and cordierite segregations. Besides all the Tokarivka granites have a
positive Eu-anomaly. Their age is 1965 Ma [15]. Simultaneously with the Zhitomyr granite,
complex, alkaline ultramafites of the Gorodnytsya hypabyssal massive were intruded.

Granites of the Zhitomyr complex and monzonites of the Buky complex were broken
through by the unique for the USh mantle-derived intrusions with nickel specialization. It is
the Prutovka complex, which rocks form a number of small hypabyssal bodies lengthwise
the Teterev deep seated fault [20]. The intrusions are composed by the mafic-ultramafic
association, often including monzonites and granodiorites. All the intrusions are stratified
and differentiated chambers. Their data are as follows: Eu/Eu* = 0.60–0.64, La/Yb = 3–4.
A source of magma of these rocks was a depleted mantle Nd = + 3.6 [11], contaminated by
the crustal material.

The Osnytsya  complex together with volcanites of the Klesovo series composes the
volcano-plutonic association. The Osnytsya  granites cardinally differ from those of anatec-
tic genesis: they do not form ordinary migmatites. They intrude into volcanite layers and
form original "megamigmatites". The Osnytsya granites are porphyritic or equigrained rocks
with blue quartz. High index ISr = 0.710–0.724 points to creation of granites in the upper
crust [17]. Gabbro are referred to the complex as its early phase. Two volcanic formations:
leptite (dacite-rhyolite) and porphyrite (basalt) ones [6] serve as volcanic components of the
Osnytsya  association. Rhyolites prevail, trachyrhyolites are present, too. Volcanic origin of
these rocks is proved unambiguosly. Diorites of the Virov type are distinguished in the
porphyrite formation. As to their chemical composition they correspond to monzonites.

Granites of the Kishin complex located near the western contact of the Korosten’
pluton, break through the Zhitomyr migmatites and granites, but are of the Pre-Korosten’
age. These granites have all signs of the metal ones. They have ore manifestations of Mo, Sn
and Bi. Granites of the Perga complex, the youngest massive in the area (1760–1730 Ma),
are also representatives of the rare metal granites [15]. They are characterized by subalkaline
composition, high ferruginosity of dark minerals, presence of such minerals as arfvedsonite,
aegirine, fluorite, topaz, columbite, by specialization for Zr, Nb, Sn, Be, Li, Rb, La, Yb and
ore manifestations of these elements. The Perga granites are often named apogranites in
view of wide development of albitization and greisenization processes. The North-West
Area, especially in its part adjoining the Volyn-Dvina belt, is penetrated by numerous dykes
of Pre-Korosten’, Syn-Korosten’ and Post-Korosten’ ages. Basic, frequently subalkaline,
dykes prevail. At last, volcanites of the rift depressions — the Ovruch, Vil’cha and Biloko-
rovychi are the result of the block activation. Volcanites are presented by non-metamor-
phised basalts, trachybasalts, trachyandesites and rhyolites.

Granite-greenstone areas. Besides the classical Middle Peri-Dnieper Area, the Ros’-
Tikich block and several structures of the West Peri-Azovian area are often referred to
greenstone regions. I. B. Shcherbakov thinks, that the latter do not correspond to determi-
nation of the granite-greenstone belts worked out by C. Kondie. The both belts, in his
opinion, are the imposed or quasigreenstone structures.

The researches of N. P. Shcherbak, et al. [14, 16] have proved unambiguously that
granulite-gneissic blocks are older that the greenstone ones. The magmatic activity deve-
loped in the former at the time of 3.65 Ga and in the latter — at 3.4 Ga. In our opinion,
which is not shared by K. Ye. Esipchuk, granulite belts, being strongly reworked and partly
remobilized, served a basement for the greenstone belts. This is also proved by presence of
granulite relicts (Slavgorod and Tomakovka blocks) xenoliths of bi-pyroxene crystal schists
in Sofiivka pluton, etc.
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Magmatism peculiarities in the Middle Peri-Dnieper Area is probably determined by
its structure. Its Earth’s crust is the thinnest on the USh. Under certain greenstone struc-
tures the crust reaches only 35 km, these structures being traced at the depth of 7 km.

There are six greenstone structures within the limits of the Middle Peri-Dnieper Area.
In the majority of them volcanites together with pyroclasts compose about 70 % of thick-
nesses. All petrographical species are represented in them. N. P. Shcherbak, et al. [16] for
the first time have shown that three types of the petrographical cuttings are distinguished
among them. They are: komatiite, toleiite and calc-alkali ones. A. A. Sivoronov, et al. [19]
distinguish at the bottom of sections the komatiite-toleiite formation, which is replaced by
the jaspilite-metatoleiite formation taking part in the sections of all structures. The andesite-
toleiite formation superposes them. In some structures it is replaced by komatiite or by
andesite-rhyolite-dacite formation. It is established, that a share of mafic and ultramafic
rocks decreases upwards the sections and a role of the medium, acid and sedimentary rocks
increases.

All volcanites have been metamorphised and transformed into schists in conditions of
greenstone and epidote-amphibolite facies. Some structural and textural signs are preserved
which allow to diagnose the initial rocks confidently [3]. It was N. P. Semenenko, who for
the first time established and R. Ya. Belevtsev proved [23] that metamorphism of the green-
stone structures is precisely zonal and of a progressive type. Zonality is expressed in location
of the least metamorphised rocks in nuclear parts of synclinoriums. Metamorphism increa-
ses from a biotite step at the centre up to almandine and staurolite zone in the periphery of
the greenstone structures. It was shown that zonality is traced at the depth. It arises under
the influence of granites. Progressive zonality is the most characteristic feature of greenstone
belts all over the world, it is their major diagnostic sign. Recently geologists came to a
conclusion, that the real volcanoes such as Chkalovka, Apollonovo etc. were formed in the
greenstone structures. Some greenstone structures, the Sofiivka — one, for example, repre-
sent a volcano-plutonic association. It is a polyphase gabbroid pluton, breaking through
volcanites and the granulite basement [5]. The Sofiivka pluton is dated from the end of
formation of the greenstone structure — 3020 Ma. Mantle-derived origin of the Sofiivka
intrusion is proved by the following data: 87Sr/86Sr = 0.700–0.702, 18O = 5.8–7.8 [1].

Among granitoids there are pre-greenstone, syngreenstone and postgreenstone mas-
sives. Plagiogranites of the Dniepropetrovsk complex served as a substratum for them. The
latter, in turn, were formed at the expence of rocks of enderbite type and of Auly series
rocks. By the time of formation of the greenstone structures these granitoids constituted the
foundation of the area. Intrusions of the Sura plagiogranite complex are timed to the end of
structures creation. The low crustal or even upper mantle genesis may be accepted for them.
The majority of granite massives are of the dome nature. Granites influenced the greenstone
structures and were the reason of their progressive metamorphism. Granites of the Mokra
Moskovka complex which contain xenoliths of the greenstone rocks belong to allochtho-
nous formations. High crystallization temperatures reaching 760 °C which have ensured
metamorphism of volcanites are a peculiar feature of granitoids of the granite-greenstone
area.

To the east of the Kryvyi Rig structure the granite-greenstone formations in the latitude
direction are dissected by powerful dykes of the Devladiv complex composed by fresh ultra-
mafites: phlogopite- and plagioclase-bearing harzburgites, dunites, pyroxenites (websterites)
with a small part of gabbronorites and gabbro of 2800 Ma age.

The USh represents a unique geological province with intensive alkali and carbonatite
magmatism shown mainly in two stages — 1700 and 2000 Ma. The alkali-ultramafite asso-
ciation with carbonatites is known in the Peri-Azovian Area (Novopoltavka complex), in the
Dniester-Bug area (Proskuriv and Antonivka complexes) and in the North-West Area (Go-
rodnytsya complex). They are presented by alkaline pyroxenites, jacupirangites, ijolites,
carbonatites, nepheline and alkaline syenites, nordmarkites. A comparatively old age and
intensive fenitization of the enclosing rocks are Peculiar features of these massives.

The overhelming majority of alkaline massives belong to gabbro-syenite formation [11].
Some of them are characterized by the stratified structure. Some of them contain nepheline
syenites as finite differentiates, others are limited by isolation of only alkaline and subalka-
line quartz syenites with such high ferruginous silicates as fayalite, hedenbergite, aegirine-
hedenbergite, ferrohastingsite, taramite, annite. Some massives are spatially and genetically
connected with anorthosite-rapakivigranite formation and are considered as more deep-
seated gabbro-syenite analogues. Aegirine syenites as veins and small stratified intrusions are
present in the structure of the Korosten’ and Korsun’-Novomyrgorod massives.
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The overhelming majority of deposits and manifestations of the rare and nonmetal
minerals, known in the territory of the USh, are connected with endogenic rockforming
processes. Among them one would mark first of all iron in iron-siliceous formations of the
Archean and Proterozoic ages, gold in metamorphic Archean and Proterozoic rock-masses
which were subject to metamorphic reworking under influence of granite intrusions, chrome,
nickel, titanium and platinoids, connected with mafite-ultramafite intrusions, uranium, rare
and rare-earth elements accumulated under the influence of granite and alkali intrusions
and metasomatic and pegmatite processes accompanying them. Numerous manifestations
of diamonds mainly in deposits and in connection with the lamproite and kimberlite bodies
have been found on the Shield. It permits one to consider the USh as a perspective dia-
mond-bearing province.

Conclusions. The Earth’s crust had been generated during two main stages of magma-
tism. They are the mantle-derived Early-Archean and mantle-crustal Early Proterozoic.

The bimodal enderbite–crystal-schist association of primary — mantle rocks of 3.65–
3.4 Ga composes the base of the Shield. That is the primary Earth’s crust — protolith. These
association rocks which either outcrop in the granulite blocks or as a surface of the basalt
layer are established by geophysical methods in all the blocks of the USh. The second, most
powerful flush of magmatism on the boundary 2000 ± 200 Ma years, was connected with the
reworking of the enderbite crust in conditions of the crustal asthenosphere with participation
of mantle-derived magmas. The later and most variable mantle-derived and mantle-crust
magmatism in the non-greenstone areas is confined to activation zones. In the North-West
Area it is connected with formation of the Volyn-Dvina volcano-plutonic belt and in the
Peri-Azovian and Ingul-Ingulets blocks it is connected with foundation of the Dnieper-
Donets depression. Allochthonous intrusions of this stage are confined to the deep-seated
faults. Alkaline magmatism of the USh is older in comparison with other regions: it is of
Meso-Proterozoic age.

Metamorphism of the USh was realized in all metamorphic facies of the series with
moderate pressure. It was both regional and zonal, progressive and retrograde. Evolution of
some areas of the USh on the basis of petrological data may be elucidated from plate
tectonic positions.

1. Artemenko G. V. Two types of the Late Archean differentiated intrusions in the Middle Peri-Dnieper block //
Mineral. Journ. (Ukraine). — 1997. — 19, N 9. — P. 56–67 (in Russian).

2. Belevtsev R. Ya. The role of potassium in petrogenesis of the continental Earth’s crust // Ibid. — 1998. — 20, N 6. —
P. 83–87 (in Russian).

3. Bibikova E., Claesson S., Stepanyuk L. Ancient crust in the Dniester-Bug Domain, Western Ukrainian Shield: Sm-
Nd and U-Pb isotopic data // Geophys. Journ. — 2000. — 22, N 4. — P. 77–78.

4. Bobrov A. B., Sivoronov A. A., Berzenin B. Z. About a pillow metabasites of the Verkhovtsevo and Sura structures
(Middle Peri-Dnieper Area) // Geol. Journ. — 1981. — 41, N 6. — P. 128–133 (in Russian).

5. Boyko V. L., Shcherbakov I. B., Rokachuk T. A. et al. Petrology of the Sofiivka volcano-plutonic association. —
Kiev: IGMOF NAS of Ukraine, 2000. — 88 p. (in Russian).

6. Bukharev V. P. Evolution of the Precambrian magmatism of the Western part of the Ukrainian Shield. — Kiev:
Nauk. Dumka Press, 1992. — 152 p. (in Russian).

7. Dovbush T. I., Skobelev V. M., Stepanyuk L. M. Results of research of rocks of the Western part of the Ukrainian
Shield by the Sm-Nd method // Mineral. Journ. (Ukraine). — 2000. — 22, N 2/3. — P. 132–142 (in Russian).

8. Esipchuk K. Ye., Skobelev V. M., Shcherbakov I. B. et al. Magmatism of the Ukrainian Shield // Ibid. — 2000. — 22,
N 5/6. — P. 82–94 (in Ukrainian).

9. Fomin A. B. Geochemistry of ultrabasites of the South-West part of the Ukrainian Shield. — Kiev: Nauk. Dumka
Press, 1984. — 231 p. (in Russian).

10. Kostenko N. M. Geological development of the Volyn geoblock of the Ukrainian Shield and some questions of its
ore bearing // Geol. Journ. — 1991. — N 6. — P. 12–23 (in Russian).

11. Krivdik S. G., Tkachuk V. I. Petrology of the alkaline rocks of the Ukrainian Shield. — Kiev: Nauk. Dumka Press,
1990. — 406 p. (in Russian).

12. Mitrokhin A. V. Evolution of the substantial composition of basic rocks of the Korosten’ Pluton // Geology and
magmatism of the Precambrian of the Ukrainian Shield. — Kiev, 2000. — P. 203–204 (in Russian).

13. Plotkina T. E. Reconstruction of initial composition of enderbite-gneisses of the Khoshchevato-Zavallya block of
the Ukrainian Shield by the petrochemical methods // Geol. Journ. — 1994. — N 1. — P. 97–102 (in Russian).

14. Shcherbak N. P. Problems of distinguishing of the pre-greenstone associations of the Archean // Early Crust: Its
Composition and Age. — Moscow: Nauka Press, 1991. — P. 5–14 (in Russian).

15. Shcherbak N. P., Artemenko G. V., Bartnitskiy E. N. et al. Geochronological scale of the Precambrian of the
Ukrainian Shield. — Kiev: Nauk. Dumka Press, 1989. — 142 p. (in Russian).

16. Shcherbak N. P., Bartnitskiy E. N., Bibikova E. V. et al. Early Earth’s crust of the Ukrainian Shield // Early Crust:
Its Composition and Age. — Moscow: Nauka Press, 1991. — P. 122–151 (in Russian).

17. Shcherbak N. P., Eliseeva G. D., Levkovskaya N. Yu. et al. Geological and radiological age of rocks of the Klesiv
series and Osnytsya  complex // Geol. Journ. — 1978. — 38, N 4. — P. 28-43 (in Russian).

18. Shcherbakov I. B. Evolution of magmatism of the Ukrainian Shield // Mineral. Journ. (Ukraine). — 2000. — 22,
N 2/3. — P. 36–48 (in Russian).

19. Sivoronov A. A., Bersenin B. Z., Malyuk B. I. et al. Metamorphised volcanogenic formations of Early
Precambrian  greenstone  belts  of  the Ukrainian Shield. Paper 1. Structure and composition // Geol.

PETROLOGY OF THE UKRAINIAN SHIELD



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/3110

Journ. — 1981. — 41, N 5. — P. 20–28 (in Russian).
20. Skobelev V. M., Yakovlev B. G., Galiy S. A. et al. Petrogenesis of the nikel-bearing gabbroid intrusions of the Volyn

megablock of the Ukrainian Shield. — Kiev: Nauk. Dumka Press, 1991. — 140 p. (in Russian).
21. Stepanyuk L. M. Crystallogenesis and age of zircon from the rocks of the mafite-ultramafite association of the

Middle Bug Area // Mineral. Journ. (Ukraine). — 1996. — 18, N 4. — P. 10–20 (in Russian).
22. Tsymbal S. N. Composition of the upper mantle under the Ukrainian Shield // Geology and magmatism of

Precambrian of the Ukrainian Shield. — Kiev, 2000. — P. 215–217 (in Russian).
23. Usenko I. S., Shcherbakov I. B., Siroshtan R. I. et al. Metamorphism of the Ukrainian Shield. — Kiev: Nauk.

Dumka Press, 1982. — 308 p. (in Russian).

Inst. of Geochemistry, Mineralogy and Ore Formation       Received 15.02.2002
of Nat. Acad. of Sci. of Ukraine, Kiev

ÐÅÇÞÌÅ. Çåìíàÿ êîðà Óêðàèíñêîãî ùèòà (ÓÙ) ñîçäàíà ãëàâíûì îáðàçîì â ðåçóëüòàòå äâóõ ãëàâíûõ ýòàïîâ
ìàãìàòèçìà: ìàíòèéíîãî ðàííåàðõåéñêîãî è ìàíòèéíî-êîðîâîãî ðàííåïðîòåðîçîéñêîãî. Â òå÷åíèå ïåðâîãî
ýòàïà (3,65–3,4 ìëðä ëåò) ñôîðìèðîâàëàñü áèìîäàëüíàÿ àññîöèàöèÿ ñ îñíîâíûì ÷ëåíîì — äâóïèðîêñåíîâûì
êðèñòàëëîñëàíöåì è êèñëûì — ýíäåðáèòàìè ïðè ó÷àñòèè ìàôèò-óëüòðàìàôèòîâûõ èíòðóçèé. Âòîðîé ìîùíûé
âçðûâ ìàãìàòèçìà â íåçåëåíîêàìåííûõ áëîêàõ íà ðóáåæå 2000 ± 100 ìëí ëåò ñâÿçàí ñ ïåðåðàáîòêîé ïåðâè÷íîé
ýíäåðáèòîâîé êîðû â óñëîâèÿõ êîðîâîé àñòåíîñôåðû ïðè ó÷àñòèè ìàíòèéíûõ ìàãì. Â ýòî âðåìÿ ñôîðìèðîâàëèñü
îñíîâíàÿ ìàññà àâòî- è ïàðààâòîõòîííûõ ãðàíèòîâ, à òàêæå êîìáèíèðîâàííûå ìàíòèéíî-êîðîâûå ïëóòîíû.
Áîëåå ïîçäíèé ìàíòèéíûé è ìàíòèéíî-êîðîâûé ìàãìàòèçì ïðèóðî÷åí ê çîíàì òåêòîíî-ìàãìàòè÷åñêîé
àêòèâèçàöèè. Ùåëî÷íîé ìàãìàòèçì ÓÙ ïðîÿâèëñÿ ñðàâíèòåëüíî ñ äðóãèìè ðåãèîíàìè ðàíüøå — â
ìåçîïðîòåðîçîå. Ìåòàìîðôèçì ÓÙ îñóùåñòâëÿëñÿ âî âñåõ ìåòàìîðôè÷åñêèõ ôàöèÿõ óìåðåííîãî äàâëåíèÿ.
Îí áûë êàê ðåãèîíàëüíûì, òàê è çîíàëüíûì, ïðîãðåññèâíûì è ðåãðåññèâíûì. Ýâîëþöèþ íåêîòîðûõ áëîêîâ
ÓÙ íà îñíîâàíèè ïåòðîëîãè÷åñêèõ äàííûõ ìîæíî îáúÿñíèòü ñ ïîçèöèé ïëèòîâîé òåêòîíèêè.

ÐÅÇÞÌÅ. Çåìíà êîðà Óêðà¿íñüêîãî ùèòà (ÓÙ) ñòâîðåíà ãîëîâíèì ÷èíîì óíàñë³äîê äâîõ ãîëîâíèõ åòàï³â
ìàãìàòèçìó: ìàíò³éíîãî ðàííüîàðõåéñüêîãî òà ìàíò³éíî-êîðîâîãî ðàííüîïðîòåðîçîéñüêîãî. Íà ïåðøîìó åòàï³
(3,65–3,4 ìëðä ðîê³â) ñôîðìóâàëàñÿ á³ìîäàëüíà åíäåðá³ò-êðèñòàëîñëàíöåâà àñîö³àö³ÿ ïðè ó÷àñò³ ìàô³ò-
óëüòðàìàô³òîâèõ ³íòðóç³é. Äðóãèé ìîãóòí³é âèáóõ ìàãìàòèçìó â³äáóâñÿ íà ðóáåæ³ 2000 ± 100 ìëí ðîê³â ³
ïîâ’ÿçàíèé ç ïåðåðîáêîþ ïåðâèííî¿ åíäåðá³òîâî¿ êîðè â óìîâàõ êîðîâî¿ àñòåíîñôåðè ïðè ó÷àñò³ ìàíò³éíèõ
ìàãì. Ó öåé ÷àñ côîðìîâóâàëàñü îñíîâíà ìàñà àâòî- òà ïàðààâòîõòîííèõ ãðàí³ò³â, à òàêîæ ñêëàäí³ ìàíò³éíî-
êîðîâ³ ïëóòîíè. Íàéï³çí³øèé ìàãìàòèçì ïðèóðî÷åíèé äî çîí òåêòîíî-ìàãìàòè÷íî¿ àêòèâ³çàö³¿. Ëóæíèé
ìàãìàòèçì â³äáóâñÿ ó ïîð³âíÿíí³ ç ³íøèìè ðåã³îíàìè ðàí³øå — ó ìåçîïðîòåðîçî¿. Ìåòàìîðô³çì ÓÙ â³äáóâàâñÿ
ó âñ³õ ìåòàìîðô³÷íèõ ôàö³ÿõ ïîì³ðíîãî òèñêó. Â³í áóâ ÿê ðåã³îíàëüíèì, òàê ³ çîíàëüíèì, ïðîãðåñèâíèì òà
ðåãðåñèâíèì. Åâîëþö³þ äåÿêèõ áëîê³â ÓÙ íà áàçi ïåòðîëîãi÷íèõ äàíèõ ìîæíà ïðåäñòàâèòè ç ïîçèö³é ïëèòîâî¿
òåêòîí³êè.
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Deep-Seated Structure of the Ukrainian Shield

The deep-seated structure of the Ukrainian Shield, using the interpretation of new and reinterpretation of the previous
seismic data of DSS, 3D-magnetic models of the Earth crust and their combined analysis with the density and velocity
models, has been studied with results presented. Composition of the lower crust part has been predicted, relations of the
near-surface structures and magmatism manifestations on the Precambrian basement with deep-seated structure of the
crust of large tectonic Shield units have been described.

Results of the study of deep-seated structure of the Ukrainian Shield (USh) have been
generalized using the interpretation of new and reinterpretation of previous seismic data of
DSS, three-dimensional magnetic models of the Earth crust and their joint analysis with the
density and velocity models. Composition of the lower crust has been predicted, connec-
tions of the surface structures and magmatism manifestations on the Precambrian basement
with deep-seated Earth crust structure of large tectonic units of the Shield have been de-
scribed. It is emphasized that the connection between the near-surface and deep-seated
structures is broken, as a rule, within the intermegablock suture zone.

The deep-seated structure of the Earth crust in the USh has been studied for above 40
years on the basis of DSS data along the profiles and geotraverses (Fig. 1), point sounding,
MECW — CDP and interpretation of potential, electric and thermal fields. The investiga-
tion results were published in numerous editions, schemes; they were used in tectonic
researches, in decisions of applied problems, etc. These data were recently rather completely
generalized and analyzed by S. S. Krasovsky and Yu. P. Orovetsky [12], the main results of
complex interpretation being reproduced in the graphic form and a list of publications being
presented. Thus, we do not dwell on this question.

Complex investigation of the USh lithosphere (and the Earth crust as its constituent
part) by geophysical methods evidences for its considerable substance and structure hetero-
geneity both in depth and lateral [20, 21, 26, 28, 29, etc.]. The data available, concerning
the depth heterogeneity prove that their distribution is subject to certain regularities, the
long-term process of the lithosphere development, its structure, composition, vertical and
lateral divisibility, magmatism, metamorphism, metasomatosis and other physical and chemical
transformations of matter, including the distribution of the zones of metallogenic specializa-
tion, being represented in them. It may be considered proved that the peculiarities of the
deep-seated structure and heterogeneity of the Earth crust and fault tectonics make regional
ore-controlling features [4, 5, 7, 13, 22, 23, etc.]. Peculiarities of the deep-seated structure
of the Shield crust have been repeatedly elucidated, proceeding from a complex of geophy-
sical data; relations between the deep-seated structure of the Earth crust, its thickness in
particular, and the distribution of endogenous mineralization were revealed on the correla-
tive level.

New seismic data, concerning the Earth crust structure, were obtained during the
recent years more perfect technologies of creation of the 3d geophysical models have been
introduced; previous geophysical materials have been reinterpreted and this, modern theo-
retical approaches being taken into account, permits one to supplement the available ideas
about the deep-seated structure of the USh with regard for its metallogenic specialization.

O u t p u t   d a t a. The deep structure of the Earth crust of the USh has been analyzed
on the basis of the Scheme of Deep-Seated Structure of Lithosphere in the South-Western
Part of the East-European Platform [26], compiled according to the complex of geophysical
materials.

The Scheme presents information (available for the period of its compiling) concerning
the depth of occurrence of M-discontinuity, thicknesses of crust layers, crust typization
according to predicted composition, deep-seated magnetic heterogeneities, anomalous den-
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sity heterogeneities of the crust and mantle, temperature distribution in the crust, lithos-
phere lineaments and transregional tectonic sutures. The granite, diorite and basalt layers,
possessing no seismic interfaces, are distinguished according to velocity characteristics: be-
low 6.3; 6.3–6.8; above 6.8 km/s, respectively. Basalt layer includes the so-called mantle-
crust mix (Vp > 7.2 km/s). The crust types as to their composition (granitoid, intermediate
and basaltoid) correspond to the determined ratios of the layer thicknesses and evidence for
the prevalence of one or another layer in the crust cross-section.

New results of DSS along the international geotraverse EUROBRIDGE [6], and rein-
terpretation of DSS along the geotraverse II [9] and profiles X and XI [11], three-dimen-
sional density and magnetic modeling of the Korosten pluton region [2], three-dimensional
magnetic model of the Earth crust of the USh as a whole [25]; petrophysical models of the
crust made both on the basis of geophysical models [19], and petro-velocity modeling ac-
cording to experimental data [15–18] and geoterm models [14] have been used. The above
materials were generalized with respect to tectonic positions developing in the recent time
[1, 3, 26].

M-discontinuity relief, structure of the Earth crust and connection between the near-surface
and deep-seated structures. Investigation of the deep-seated structure of the Earth crust in
the south-western part of the East-European Platform [26] permitted a conclusion to be
made, that three segments can be distinguished within its limits. The segments are restricted
by transregional sutures Fennoscandia-Sarmatia, Kherson-Smolensk and Donetsk-Bryansk

Fig. 1. Scheme of the superrange deep-seated structures and tectonic regioning of the USh (a) and scheme of GSS
profile distribution in the USh (b): 1 — transregional tectonic sutures (FS — Fennoscandia-Sarmatia; KhS — Kherson-
Smolensk; DB — Donetsk-Bryansk); 2 — lithospherie lineaments Ã, Ä, Å; 3 — lineament B; 4 — intermegablock
faults; 5 — interblock faults; 6 — boundaries of the Volyn-Orsha (VOA) and Dnieper Donets (DDA) Aulacogens; 7–
9 — crust segment due to geophysical characteristic: (7 — Western, 8 — Central, 9 — Eastern); 10 — geotransects and
their  numbers denoting profiles in Fig. 4. Megablocks (roman figures): I — Volyn; II — Ros-Tikich; III — Podolian;
IV — Kirovograd; V — Middle Peri-Dnieper; VI — Peri-Azovian. Blocks (figures in circles): 1 — Osnytsya; 2 —
Novograd-Volynian; 3 — Vinnytsya; 4 — Slavgorod; 5 — West Peri-Azovian; 6 — East Peri-Azovian. Symbols to the
leaf: 1 — international DSS profiles (EB — EUROBRIDGE; DB — DOBRE); 2 — geotraverses and their numbers; 3
— other DSS profiles
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(Fig. 1) and may be considered as the superstructure elements of the crust. They are distin-
guished by such basic features as mean crust thickness, its composition, structure plan and
differentiation of the M-discontinuity relief. The USh is a part of two segments — the
Western and Central ones. The extreme eastern part of the USh belongs to the suture zone
Donetsk-Bryansk and to the marginal part of the Eastern segment.

As is seen from Figs. 1, 2, thick Earth crust (maximum depths to M-discontinuity reach
67 km) is characteristic of the Western segment of the USh which includes the Volynian,
Podolian, Ros-Tikich megablocks, Golovanivsk suture zone and the western part of Kirovo-
grad megablock. The M-discontinuity structures of the north-western strike along the south-
western boundaries of both the USh and East-European Platform are distinguished in the
Western segment of the USh. The highest position of M-discontinuity (38–39 km) coin-
cides with the Korosten and Korsun-Novomyrgorod platform plutons of anorthosites and
rapakivi granites. In the extreme North-West of the USh the M-discontinuity structures are
suddenly stopped by the forms of the relief directed towards the North-East which are
connected with Volyn-Podolian Volcano-Plutonic Belt and Volyn-Orsha Paleorift extend-
ing outside the USh limits towards the South-West and North-East.

This segment crust composition, as to the ratio of the layers (granite, diorite and basalt)
thicknesses is characterized by high basicity and basaltoidness. The latter is fixed, as a rule,
in the great thickness blocks of the crust. But the basalt crust is also observed within the
Volyn-Orsha Rift and in separate blocks of the Korosten Pluton where one can observe the
M-discontinuity rise.

Fig. 2. Scheme of M-discontinuity relief from the data of [26] with author’s supplements from results of [6, 9, 11] in
comparison with ore magmatic complexes of the USh according to [8]. Ore magmatic complexes: 1 — Archean ctarons
(a), partially transformed during Proterozoic (b); 2 — Proterozoic mobile belts (a) intensively tectono-thermally
transformed in Paleoproterozoic (b); 3 — basite (komatiite-toleite), basite-ultrabasite and granitoid (abyssal) structures
of primary granite-greenstone belts (greenstone structures (figures in the scheme)): 1 — Verkhovtsevo, 2 — Sura, 3 —
Chortomlyk, 4 — Konka, 5 — Bilozirka); 4 — basite-ultrabasite and granite complexes of secondary greenstone belts
(structure-formation zone (SFZ) (figures in circles)): 1 — Golovanivsk, 2 — Orikhovo, 3 — West Peri-Azovian); 5 —
basitic complexes of suture throughs and ovethrust-underthrust zones (SFZ: 1 — Ingulets — Kryvyi Rig); 6 — granite
zones in the areas of tectono-thermal-transformed Archean cratons (SFZ: 1 — Khmelnyk); 7 — alkali-ultrabasite
massives with  carbonatites  of  intracontinental rifts (Chernigiv); 8 — granite massives of collision zones and orogens
(1 — Novoukrainka, 2 — Chyhyryn, 3 — Uman); 9 — alkaligranite massives of the zones of Paleo- and Meso-
Proterozoic activation (1 — Ustynivka, 2 — Kyshyniv, 3 — Novograd-Volynsky, 4 — Mukhariv); 10 — ultrabasite-
basite massives of volcano-plutonic belts (1 — Kamyanka, 2 — Buky); 11 — composite plutons (1 — Korosten, 2 —
Korsun-Novomyrgorod); 12 — alkali massives of central type (1 — Oktyabrsky, 2 — Malo-Tersyanka, 3 — Volodarsk,
4 — Pivdenno-Kalchik); 13 — alkali-granite of linear activation zones (1 — Perga); 14 — boundaries of structure-
formation zones; 15 — isolines of the depths of occurrence of M-discontinuity relative to the zero level of the world
ocean, km; 16— transregional tectonic sutures (KhS — Kherson-Smolensk, DB — Donetsk-Bryansk) according to
[26]; 17 — projections of depth escarpments of M-discontinuity to the surface of Precambrian basement; 18 — inten-
sive troughs of M-discontinuity. Basement structures (letters in circles): A1 — Dniester-Bug, A2 — Dnieper-Peri-Azovian,
B1 — Volyn, B2 — Kirovograd, B3 — Peri-Azovian
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In contrast to the Western segment, the Central one is sharply differentiated both in the
crust composition and in respect of the M-discontinuity structures. It embraces the eastern
part the Kirovograd megablock, the Middle Peri-Dnieper megablock and West Peri-Azovian
block. Submeridional lows and uplifts of the M-discontinuity prevail here; they are mostly
separated by deep-seated escarpment of this discontinuity. The crust thickness varies be-
tween 33 and 57 km. The crust composition in this segment is more diverse and varies from
granitoid to basaltoid. But as a whole, the crust is less basic than in the Western segment. In
the Eastern segment (Fig. 1) the crust thickness decreases, and its composition becomes
even more acid. The Donetsk-Bryansk suture is fixed by weak linear uplift of the M-discon-
tinuity. The East Peri-Azovian platform alkali massif lies almost completely in its limits.

The distinguished segments are composed of different-scale blocks separated by the
faults and suture zones. Each of such blocks has its own structure and crust composition
peculiarities. Six megablocks are distinguished traditionally in the USh (Fig. 1): Volynian,
Podolian, Ros-Tikich, Kirovograd, Middle Peri-Dnieper and Peri-Azovian; one can also
distinguish three intermegablock suture zones: Golovanivsk, West-Ingulets and Orikhovo-
Pavlograd. Practically all of them have specific peculiarities in respect of the age of geolo-
gical formations, their composition, activation processes, the history of crust development,
evolution of magmatism and metallogenic specialization [8, 27]. It should be noted that as
to geologic features, there are no complete analogs among the distinguished megablocks and
blocks of the higher ranks, composing them. The intermegablock suture zones are also
different as to their structure and crust composition. But all five series of magmatic and
ultrametamorphic complexes distinguished by I. B. Shcherbakov [27] occur with various
completeness in all the megablocks, except for the green-stone province of the Middle Peri-
Dnieper Area.

The Volynian megablock is formed by three blocks: Osnytsya, Novograd-Volynsky and
Vinnytsya blocks. The Osnytsya block is a part of the well-known Volyn-Polissya (Volyn-
Dvyna) volcano-plutonic Belt and superposed Riphean Volyn-Orsha Paleorift (Fig. 1). In
our opinion these structures were formed in the suture zone between two large segments of
the East-European Craton — Fennoscandia and Sarmatia [3]. Such structural position in
the long-living zone of two segments joint has determined the character of magmatism,
structure and composition of the Earth crust. As is evident from Fig. 4, an anomalous
seismic zone is distinguished within this block; this zone deepens to the upper mantle in the
south-eastern direction [28]. On the south-east it bounds the above suture zone Fennoscan-
dia-Sarmatia. The M-discontinuity relief is sharply differentiated (40–55 km), its structures
are concordant with the strike of volcano-plutonic belt, paleorift and deep-seated block of
magnetized rocks (Figs. 2, 3). The granite layer is absent in the Earth crust cross-section,
above 50 % of its thickness is composed by the basaltic layer which is characterized by its
transition to the mantle-crust mix in the lower part of the cross-section. The crust compo-
sition as a whole is estimated as basaltoid one. The sphere of the above suture zone influ-
ence, which is considered as the subduction or accretion zone, and in general form, as
overthrust-underthrust, is distributed south-eastwards to the distance of about 300 km up to
the Nemyriv fault zone [24]. This influence on the basement surface is structurally manifes-
ted in a series of interblock faults (Sushchano-Perga, Teteriv, Nemyriv faults), parallel to
lithospheric lineament "Ã" (Fig. 1) and deep magnetic heterogeneities of the south-east
strike (Fig. 3). Notice, that no interblock faults of such strike were revealed in the rest of the
USh territory.

The Novograd-Volynian block, which is characterized by essentially different relation-
ships of the near-surface and deep-seated structures in its north-eastern and south-western
parts, is on the south-east of the Osnytsya block. First of all this is manifested in the M-
discontinuity  relief  forms  and crust thickness (Figs. 2, 4). The crust thickness reduced to
38 km and the M-discontinuity flat relief is fixed under the Korosten Pluton. But in spite of
stand the absence of the M-discontinuity differentiation, the Earth crust under the pluton is
heterogeneous as to its physical parameters. A homogeneous high-velocity block with velo-
cities 6.95–7.0 km/s, which may be considered as the parent magma chamber filled with
gabbroids [2, 9], is distinguished in the east in the lower part of the crust which is practically
non-magnetic (Fig. 3). On the west; at the same depths the seismic velocities are lower and
magnetization intensity increases up to 1.5–2.0 A/m. This block crust composition as a
whole may be considered as diorite one. Under the south-western part of the Novograd-
Volynian block, where the lower crust is even more magnetized (3.0–3.5 A/m), the M-
discontinuity deepens and its maximum deepening corresponds to the Shepetivka massif of
gabbro, gabbro-diorities and diorities of pre-Korosten magmatic complex. There, in the
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Fig. 3. Magnetic deep-seated heterogeneities of the lower crust (diorite and basaltic layers) in comparison with mag-
matic complexes of the USh according to [8]. 1 — transregional tectonic sutures (Kherson-Smolensk (KhS) and
Donetsk-Bryansk (DB)); 2 — projections of magnetized blocks of the lower crust (a) and magnetic plate of basalt layer
(b) on the Precambrian basement. Other symbols in Fig. 2

DEEP-SEATED STRUCTURE

crust cross section the basaltic layer jointly with the mantle-crust mix makes above 40 %,
and the composition of its lower part may be characterized as granulite-basite one. The crust
basaltoidness decreases outside the M-discontinuity through.

The upper crust (to the depths of 13–18 km), according to DSS data, is a layered rock-
mass with the most contrast variations of seismic velocities under the Korosten pluton; the
velocities are probably caused by the interbedding of rapakivi granites with the intermediate
rocks. Proceeding from the deep seated structure, from morphology of deep magnetic het-
erogeneities in particular, the south eastern boundary of the Novograd-Volynian block should
be drawn along the Teteriv fault and those subparallel to it.

The Vinnytsya block is distinguished by complicated structure of the crust bottom
(Figs. 2, 4) which manifests in echeloning the M-discontinuity reflectors in the north-
western part of the block at the depth of 43 to 55 km. In the south-eastern part of the block
the M-discontinuity trough is traced under the area of development of dome enderbites of
Litin complex, while the lower crust is highly (3.0–3.5 A/m) magnetized. Outside the M-
discontinuity trough, from the data of point seismic soundings, this discontinuity relief is
weakly differentiated, except for the northeast, where the M-discontinuity trough of sublat-
itudinal trend was recorded in the zone of the Novograd-Volynian and Vinnytsya blocks,
and Ros-Tikich megablock jointing. The trough has no explicit connections with the near
surface geology.

Proceeding from DSS data along the geotraverse IV (Fig. 4), positions of reflectors in
the crust cross-section and M-discontinuity deformations permit supposing availability of
the intracrust gentle dip faults within the Osnytsya, Novograd-Volynian and Vinnytsya blocks.
The faults morphology indicates their relation with the Fennoscandia-Sarmatia suture zone
and allows the available discordances of the surface and deep-seated structures to be ex-
plained by the overthrust-underthrust transfers.

The disturbance in correlation between certain layers thicknesses and full crust thick-
ness, established for the USh [10], is observed in the Vinnytsya block. The granite layer
thickness increases up to anomalously high values in the M-discontinuity trough areas, and,
vice versa, it decreases at the expense of thickening of diorite layer in the M-discontinuity
uplift areas. This phenomenon may be explained by the above intracrust faults and tectonic
displacements in them. The Nemyriv faults zone is fixed by wedge-shaped block of practi-
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cally granite-free composition clamped between the Vinnytsya and Podolian blocks. As to
relation between layer thicknesses, crust composition as a whole is estimated as diorite in
the thickened crust in the region of the city of Vinnytsya and as granite-diorite in the rest of
the territory [26]. The diorite layer, according to the complex of physical parameters [15,
20], can include diorites, enderbites and certain amount of gabbroids. According to such a
forecast the basaltic layer consists of gabbroids, bipyroxene gneisses and crystalline schists.

The Ros-Tikich megablock (Figs. 1, 2) has a weakly differentiated M-discontinuity
relief with variations in the crust thickness from 43 to 47 km. The near-surface structures are
characterized by submeridional strike. A magnetic block with magnetization 1.5–2.0 A/m
(Fig. 3) and a block with anomalously high densities were established in the eastern part of
the megablock  against a background of weakly magnetic lower crust of the megablock. Such
parameters of the lower crust correspond to Yadliv-Traktemyriv band of rocks of granulites
of Bila Tserkva-Volodarsk series and rocks of the block genetically related to the basic
crystalline schists of the enderbite rock-mass. These circumstances allow admitting the
granulite-basite composition of the lower crust of magnetic block under granite-diorite
composition of the megablock crust as a whole, predicted from the ratio of layers thicknes-
ses [26].

One detail of the deep-seated structure of the south-western megablock part is worthy
of attention. A deep M-discontinuity trough of the north-western strike and deep-seated
magnetic block are distinguished here. Such a structure is characteristic of the Podolian
megablock, and this gives ground to make the south-western boundary of the Ros-Tikich
megablock more northward than it has been done in accordance with geological data.

The Podolian megablock is characterized by high crust thickness, and the M-disconti-
nuity trough is included in the band of analogous troughs of this discontinuity of the north-
western strike. The trough is traced on the north-east outside the megablock boundary, on
the Precambrian basement under the Ros-Tikich megablock. A deep-seated highly magne-
tic block with magnetization of 3.0–3.5 A/m (Figs. 2, 3) lies within this trough. On the east,
the M-discontinuity trough transfers into submeridional structure of relief of the crust bot-
tom with its anomalously high crust thickness, under the Golovanivsk suture zone. The
megablock crust composition is estimated as basaltoid one according to the ratio of layer
thicknesses. Anomalously thick (about 30 km) mantle-crust mix, ultrabasic rocks and eclo-
gites probably prevailing in its composition, is present in the crust cross-section. The latter,
without any change in its thickness, extends within the Golovanivsk suture zone and wedges
out to the north. The basaltic layer composition is granulite-basitic with possible presence of
amphibolites. Diorites, granodiorites, enderbites, charnokites compose, most probably, the
diorite layer.

Golovanivsk intermegablock suture zone, separating Podolian and Ros-Tikich megablocks
on the west and Kirovograd megablock on the east, is heterogeneous with respect to the
deep-seated structure. An escarpment of submeridional strike with amplitude about 20 km is
traced in the M-discontinuity relief, just in the center of the zone; the crust on the both sides
of the escarpment is of different structure and composition (Figs. 1, 2, 4). The M-disconti-
nuity on the west of the escarpment is at the depths of 62–67 km, on the east — 36–42 km.
The strike of M-discontinuity trough structure (Fig. 2) in transition from Podolian megablock
to Golovanivsk suture zone changes from north-western to submeridional. The mantle-crust
mix, described above, is traced under practically the same thickness in the western part of
the suture zone and it is absent in the eastern one. All the lower crust of the thick block
possesses high magnetization (3.5–4.0 A/m), while in the limits of thin crust only the lower
part of the basaltic layer (within the plate distinguished according to seismic data) is mag-
netic [20], magnetization being no less than 2.0 A/m. The latter is traced on the east of the
transregional tectonic suture Kherson-Smolensk. Granite layer with sharply differentiated
thickness is also characteristic within the western part of the zone.

Thus, the discrepancy between the eastern boundary of the suture zone on the Precam-
brian basement and its deep position is observed, which can be identified with M-disconti-
nuity escarpment. Allowing for tectonic structure of Precambrian basement typical to zone
a possessing the form of numerous overthrust and underthrusts joined with Talnoye fault,
one can suppose that the established deep-seated gentle structures are manifestations of
such overthrusts from east to west (Fig. 4). Thus, the Talne and Pervomaysk faults may be
considered as the marginal zones of a huge overthrust-underthrust structure.

The Golovanivsk suture zone crust composition is different on the west and on the east
of the M-discontinuity escarp. Granite layer thickness in the zone western part is less, and
it is even absent in some blocks. The diorite layer thickness is also less relative to "normal"
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for the given thickness of the Earth crust. Diorites and enderbites with low amount of
gabbroids prevail in the layer composition. The basaltic layer and mantle-crust mix make
above 60 % of the total crust thickness. Basic granulites, peridotites and even eclogites are
typical representatives of this series. The crust composition as a whole is considered as
basaltoid. In the eastern zone part the crust composition is estimated as granite-diorite, and
the ratio of the layers thicknesses is close to norm. Diorite layer is represented by diorites,
enderbites and biotite-plagioclase greisses, the basaltic layer — mainly by gabbroids and
basic crystalline schists.

The Kirovograd megablock of platform activation and submeridional transregional tec-
tonic suture Kherson-Smolensk occupy central position in the USh structure. They separate
it into western and eastern parts, being the parts of different segments, which have been
described above and differ by the structure plan of the deep-seated structure and crust
composition (Figs. 2–4). The M-discontinuity is located at the depths of 35–45 km, its
relief being differentiated in the western block part and plane — in its eastern part. Thin
crust of the eastern megablock part, like the Golovanivsk suture zone, has been traced in the
east, under the West-Ingulets intermegablock suture zone. The megablock as a whole has
low-magnetized lower crust, and in the central part — the anomalously low-density crust
and upper mantle [20, 26]. The western part of the megablock is referred to granite-diorite,
and the eastern one — to granitoid type of the crust. The most acid crust composition within
the USh, lack of basaltic layer and great thickness of granite (above 40 % of the crust
thickness) is registered in the southern part of the latter. Thickness of diorite layer is ano-
malously high, while that of granite and basaltic layer is reduced in the western part. The
diorite layer is of diorite-charnockite composition with amphibolites and granulites. The
basaltic layer is likely of gabbroid composition. Diorites with insignificant admixture of
amphibolites and gabbroids prevail immediately over M-discontinuity in the diorite layer of
the eastern part.

The megablock crust is distinguished by symmetric position of deep-seated faults rela-
tive to the tectonic suture, which is parallel to the known Kirovograd fault (Fig. 4). This
symmetry is characteristic of both the deep-seated intracrust gentle faults of the reversed
dip, which "get out" of the deep-seated part of tectonic suture near M-discontinuity, and of
large faults which are mapped on the basement surface and have reversed dips on different
suture sides. Thin crust of the megablock, as it was mentioned above, in the west and east
extends under the both interblock suture zones and is also symmetric about the suture. Thus,
one can conclude, that the contemporary crust structure reflects the results of the crust
extension at the stage of platform activation. Note, that it is Kherson-Smolensk transregio-
nal suture which the Novoukrainka and Korsun-Novomyrgorod massifs [30] spatially are
confined to. The latter is distributed in the cut point of transregional suture and lithospheric
lineament "Ã" of north-western strike which separates block with different lithosphere thick-
ness [28].

The West-Ingulets intermegablock suture zone (Fig. 1) is situated between Kirovograd
and Middle Peri-Dnieper megablocks. The zone is bounded by two deep-seated faults (West-
Ingulets in the west and Kryvyi Rig-Kremenchuk in the east) which possess the reversed dip
(Fig. 4). The M-discontinuity under the zone abruptly subsides to 48–52 km along the
West-Ingulets fault, and then on he east to 56 km with sharp change in all layer thicknesses.
Thickness of the diorite layer is reduced at the expense of thickening of granite and appea-
rance of basaltic layer and even mantle-crust mix (Fig. 4).

Proceeding from the correlation of layer thicknesses the crust in the western zone part
is supposed to be granitoid as to its composition, while in the eastern part it is basaltoid. A
magnetic body with magnetization of 3.0–3.5 A/m, getting out of the zone limits, has been
found within the diorite and basaltic layers of the zone. Diorites, enderbites, and gabbroids
are forecasted in composition of the diorite layers. The basaltic layer can consist of gabbro,
gabbro-norites, basic granulites, while the mantle-crust mix — of olivine gabbro with pyro-
xenites and peridotites which expand to the less extent. The crust is complicated by numer-
ous rather gentle faults of the west dip, which create tectonic imbricated structures. The
latter have been traced on the east within the Middle Peri-Dnieper megablock.

Middle Peri-Dnieper megablock is bounded by the West-Ingulets and Orikhovo-Pavlo-
grad intermegablock suture zones which marginal faults are fixed by large escarpment of the
M-discontinuity (Figs. 2, 4). The megablock Earth crust thickness is sharply differentiated
and varies from less than 40 to 58 km. The lower crust magnetization is about 1.0 A/m,
except for the Slavgorod block where it reaches 3.0 A/m. The troughs in the marginal part
of the megablock symmetrically disposed with respect to its uplift in the center are a cha-
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racteristic feature of the M-discontinuity relief. These trough amplitudes are different. It is
more intensive and more completely built trough in the western part, and less intensive one
— in the eastern part. Thick crust in the region of Orikhovo-Pavlograd suture zone changes
for the thin one with the plane M-discontinuity relief in the Peri-Azovian megablock.

Thickness of certain layers varies in wide limits. The crust composition changes, re-
spectively, from the basaltless in the central part to dioritic one in the east part and basaltoid
in the west part of the megablock. High thickness of the mantle-crust mix, which creates a
certain lens-like body, has been registered within the western M-discontinuity trough. The
uplift of the tops of basaltic and diorite layers as well as the decrease of granite layer
thickness are observe over the body; this corresponds to granodiorite composition of the
Saksagan and Demurin domes. Such behavior of the layer boundaries is complicated here by
the above gentle faults traced from the West-Ingulets zone. The great number of rocks
corresponding to a set of physical parameters of its cross-section can indicate to conside-
rable deformations of the crust. Thus, gabbro, amphibolites, basic granulites are present in
the basaltic layer, while gabbro, olivine gabbro, basic granulites, pyroxenites and eclogites —
in the mantle-crust mix. The diorite layer composition in the megablock is more or less
homogeneous and corresponds to diorites, while in the Slavgorod block — it corresponds to
diorites and gabbroids. The lower crust composition in the eastern megablock part is similar
to its composition in the west, but without the mantle crust mix ultrabasic rocks are probably
directly above the M-discontinuity. More basic composition of the crust in the west is co-
ordinates with basite-ultrabasite magmatism of different stages most widely distributed there.

The dome-shaped uplift of the reflecting horizon K2 mainly conformed with the M-
discontinuity uplift (Fig. 4) is observed in the crust structure. The latter is emphasized by
certain small reflectors shifted relative to each other in the depth and by gentle faults in the
west.

The Orikhovo-Pavlograd intermegablock suture zone differs from the above Golovanivsk
and West-Ingulets zones. On the north it is built just simply in a form of paired faults of the
western dip, the M-discontinuity escarpment being connected with them; on the south its
structure is more complicated and looks as the fault zone extending in the western trend.
There are no the DSS data in this part of the suture zone, but the deep-seated magnetic
body of the West Peri-Azovian megablock (Fig. 3) is continued in the zone limits, fixing the
discordance between the near-surface and deep-seated structures as a result of possible
overthrust displacements.

The Peri-Azovian megablock is composed by the West and East Peri-Azovian blocks.
The latter corresponds of the East Peri-Azovian alkali massif and, as it was mentioned
above, it is located in the Donetsk-Bryansk tectonic suture.

The megablock is characterized by thin crust and plane M-discontinuity relief with its
uplift in the central part of the West Peri-Azovian block. The lower crust possesses magne-
tization intensity of about 3.0 A/m, the crust composition, according to the relation of layer
thicknesses, is considered as granite-diorite one but the basaltic layer thickness is higher
than "normal" for the thin crust. The basaltic layer can include, allowing for its magnetiza-
tion, gabbroids and basic granulites.

It should be noticed that high magnetization intensity of the lower crust, except for the
suture zones, is characteristic of granulite areas, but rather in total with the M-discontinuity
troughs, than with its uplifts. Such an interrelation may be determined by two factors:
tectonic position of the block between the ancient intermegablock suture zone on the one
hand and Donbas on the other hand, as well as with development of regressive granulite
metamorphism in it. The DSS data for more detailed characteristic of the deep composition
of the East Peri-Azovian block are insufficient.

Discussion. The presented analysis of the deep-seated structures of the USh permits a
conclusion to be made about its non-separable connection with the Earth crust development
peculiarities. The deep-seated structure of the crust reflects the areas of ancient magmatism
of Archean cratons, mobile belts and zones of the later platform activation distinguished
according to the set of geological data [8]. The USh lithosphere has passed through the stage
of intensive basic-ultrabasic magmatism and formation of entire layer of granulites (probably
except for the greenstone area [27]) of mainly basic composition. The primarily stable zones
or cratons are characterized by high crust thickness, availability of the mantle-crust mix in
its cross-section, which is weakly stratified [29] by the reduced thickness or the lack of
granite layer, echeloning of refractors and negative forms of the M-discontinuity relief. The
energy potential being lost, the lithosphere activity is localized in the mobile belts where the
Earth  crust transformation proceeded as its extension and destruction, subsidence with
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sedimentation, formation of fusion centers, removal of heated depth matter with following
differentiation and formation of granite-diorite type crust. These active processes are gene-
tically related to long-living suture zones and transregional sutures. Variations of stressed
state, velocities and scales of the processes have created a variety of such similar and, at the
same time, such different types of structures in the near-surface hard part of the lithosphere
and considerable changes in the crust composition. Within such zones the M-discontinuity
becomes more contrast, the extension areas with almost plane relief of M-discontinuity and
stratified crust-mantle transition [29] are changed by the areas with more complicated relief
of this discontinuity as a result of the overthrust-underthrus movements and heap up.

The lithosphere activation at the platform stage of development proceeded in the li-
mited zones, which coincide with the areas of intersection of large tectonic sutures. It has
brought to further differentiation of the Earth crust with formation of anorthosite and rapa-
kivi granite massifs.

Conclusion. An analysis of structure of the USh has led to the conclusion that the
Shield is distributed within two super structural deep-seated segments (West and Central)
and marginal part of the East segment in the south-east of the East-European Platform. The
segments are distinguished by general composition, mean crust thickness and structural
plans of the M-discontinuity relief  and are separated by transregional tectonic sutures. Such
suture Kherson-Smolensk of submeridional trend in the central part of the Kirovograd
megablock and the megablock itself are the structures separating the Shield into the western
and eastern parts. The suture zone Fennoscandia-Sarmatia is the junction zone of homon-
ymous segments of the East-European Platform and north-western boundary of the Western
segment. The Donetsk-Bryansk suture is classified as a long-living activation zone, which
bounds the Central segment on the east and, as a result, as the deep-seated suture between
the Dnieper segment of DDA and Donbas.

The suture junction zone Fennoscandia-Sarmatia in the western segment took consi-
derable influence on formation of the M-discontinuity structure, deep-seated interblock
faults of the north-eastern strike, Volyn-Polissya gneous Belt and Riphean Volyn-Orsha
Rift.

The Shield megablocks and the blocks composing them have specific peculiarities of
the deep-seated structure and composition of the Earth crust. Under these conditions one
can observe (especially in the intermegablock suture zones) the discordances between the
near-surface and deep seated boundaries of the blocks. Just the suture zones of the Shield
are accompanied by the most intensive troughs of the M-discontinuity, high thickness of the
mantle-crust mix, large escarp of M-discontinuity under the central parts of the zones,
deformation of the crust by gentle faults.

The areas of maximum manifestation of the Archean and Early Proterozoic basite-
ultrabasite magmatism correspond, as a rule, to the marginal parts of the M-discontinuity
thoughs, while Late Proterozoic magmatic formations are fixed in the blocks with flat relief
of this discontinuity.

The predicted composition of the lower part of the crust (diorite and basaltic layers) is
differentiated and distinguished by higher basicity in the blocks with higher thickness of the
crust, except for separate protoplatform massifs.

Thus, there exist various relations between the near-surface and deep-seated structures
of the USh, which requires the further more detailed complex geological and geophysical
investigation.

1. Bogdanova S. V., Page L. M., Skridlaite G., Taran L. N. Proterozoic tectomothermal history in the western part of
the East European Craton: 40Ar/39Ar geochronological constraints // Tectonophysics. — 2001. — 339. — P. 39–66.

2. Bogdanova S. V., Pashkevich I. K., Buryanov V. B. et al. The 1.8–1.74 Ga anorthosite-rapakivi granite Korosten
pluton  in  the  NW Ukrainian Shield: a 3D geophysical reconstruction of the deep crustal structure // Ibid. —
2002. — 340. — (in press).

3. Bogdanova S. V., Pashkevich I. K., Gorbachev R., Orlyuk M. I. Riphean rifting and major Palaeoproteozoic crustal
boundaries  in  the  basement of the East European Craton: Geology and Geophysics // Ibid. — 1996. — 268. —
P. 1–21.

4. Chekunov A. V., Naumenko V. V., Kuchma V. G. Relation between thickness and ore content of the Ukrainian
Shield Earth crust // Geophys. Journ. — 1982. — 4, N 3. — P. 17–24 (in Russian).

5. Chekunov A. V., Sollogub V. B., Galetsky L. S. Tectonosphere of Ukraine and search for the deep seated criteria of
deposits prediction // Geol. Journ. — 1987. — 47, N 6. — P. 11–24 (in Russian).

6. EUROBRIDGE’97:  Modelling  of  S-waves filed on the EB’97 seismic profile // Geophys. Journ. — 2000. — 22,
N 4. — P. 87–88.

7. Galetsky L. S.,  Sollogub V. B.,   Chekunov A. V.  The  Earth  crust thickness and metallogeny of the Ukrainian
Shield // Rept Acad. Sci. of the Ukr. SSR. Ser. B. — 1985. — N 10. — P. 12–16 (in Ukrainian).

8. Gursky D. S., Voinovsky A. S., Kolosovskaya V. A. et al. Metallogenic specialization of magmatic complexes and
mineralization epochs of the Ukrainian Shield // Mineral. Journ. (Ukraine). — 2000. — 22, N 2/3. — P. 5–11 (in

STAROSTENKO V. I. et al.



ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 2/3 121

Russian).
9. Ilchenko T. V. Deep-seated structure of the north-western part of the Ukrainian Shield along the DSS profile

Shepetovka — Chernigiv // Rept Nat. Acad. Sci. of Ukraine. — 2001. — N 8. — P. 97–102 (in Russian).
10. Ilchenko T. V., Pashkevych I. K., Karatayev G. I. Interrelation of composition ad thickness of the Earth crust of the

Ukrainian Shield // Rept Acad. Sci. of the Ukr. SSR. Ser. B. — 1988. — N 4. — P. 13–16 (in Ukrainian).
11. Ilchenko T. V., Stepanenko V. I. Velocity model of the Earth crust and upper mantle of Donbas and its geological

interpretation // Geophys. Journ. — 1998. — 20, N 2. — P. 95–105 (in Russian).
12. Krasovsky S. S.,  Orovetsky Yu. P.  Deep-seated  structure  of  the  Earth  crust of the Ukrainian Shield: modern

ideas // Mineral. Journ. (Ukraine). — 2000. — 22, N 2/3. — P. 57–76 (in Russian).
13. Krutikhovskaya Z. A., Chekunov A. V., Galetsky L. S. et al. Ancient rift-like structures of the Ukrainian Shield and

their metallogenic significance // Geophys. Journ. — 1986. — 8, N 2. — P. 3–7 (in Russian).
14. Kutas R., Tsvyashchenko V., Zui V. A geothermal model of the Earth’s crust along the geotransect the Baltic Sea —

the Black Sea (EUROBRIDGE DSS VI) // Seventh EUROBRIDGE Workshop, 26–30 May, 1999, Szelment
near Suwalki, Poland: Abstr. / Polish Geol. Inst. — Warsaw, 1999. — P. 62–63.

15. Lebedev T. S., Burtny P. A., Korchin V. A. Petrovelocity modeling of the deep seated zones of the crust in the north-
western part of the Ukrainian Shield // Geophys. Journ. — 2001. — 23, N 6. — P. 40–53 (in Russian).

16. Lebedev T. S., Korchin V. A., Burtny P. A. Petrovelocity models of the Earth crust of the South-Ukrainian NPS
region and some adjacent territories // Ibid. — 1994. — 16, N 3. — P. 24–38 (in Russian).

17. Lebedev T. S., Korchin V. A., Burtny P. A. et al. Petrovelocity models of the Earth crust of the central part of the
Ukrainian Shield // Ibid. — 1995. — 17, N 5. — P. 30–37 (in Russian).

18. Lebedev T. S.,  Korchin V. A.,  Burtny P. A.  Deep  petrovelocity  modeling of the Earth crust of the Middle Bug
Area // Ibid. — 1999. — 21, N 1. — P. 64–84 (in Russian).

19. Lithosphere of the Central and Eastern Europe: Geotraverces VI, VI, VIII / Ed. A. V. Chekunov. — Kiev: Nauk.
Dumka Press, 1988 — 170 p. (in Russian).

20. Lithosphere of the Central and Eastern Europe: East-European Platform / Ed. A. V. Chekunov. — Kiev: Nauk.
Dumka Press, 1989. — 187 p. (in Russian).

21. Lithosphere of the Central and Eastern Europe: Investigation Results Generalization / Ed. A. V. Chekunov. — Kiev:
Nauk. Dumka Press, 1993. — 258 p. (in Russian).

22. Orovetsky Yu. P., Gursky D. S., Kobolev V. P. et al. Problem of endogenic diamond formation in the Ukrainian
Shield // Geophys. Journ. — 2000. — 22, N 2. — P. 27–35 (in Russian).

23. Pashkevich I. K., Krasovsky S. S. Deep-seated structure of the Ukrainian Shield and gold mineralization // Tech-
nosphere of Belarus: deep-seated structure and regularities of minerals location. — Minsk, 2001. — P. 113–120 (in
Russian).

24. Pashkevich I. K., Orlyuk M. I. Geological interpretation of the 3D magnetic model of the western part of the
Ukrainian Shield // Geophys. Journ. — 1998. — 20, N 4. — P. 87–88.

25. Pashkevich I. K., Pechersky D. M., Gorodnitsky A. M. et al. Petromagnetic Model of the Lithosphere. — Kiev: Nauk.
Dumka Press, 1993. — 175 p. (in Russian).

26. Scheme of the deep-seated structure of lithosphere of the South-Western part of the East-European Platform, the
scale of 1 : 1000000 / Ed. A. V. Chekunov. — Kiev: Goskomgeologiya Ukraine, 1992. — 6 sheets (in Russian).

27. Shcherbakov I. B.  Evolution  of  the  Ukrainian Shield magmatism // Mineral. Journ. (Ukraine). — 2000. — 22,
N 2/3. — P. 36–47 (in Russian).

28. Sollogub V. B. Lithosphere of Ukraine. — Kiev: Nauk. Dumka Press, 1986. — 184 p. (in Russian).
29. Starostenko V., Kharitonov O., Tripolsky A. Seismic structure of the crust-mantle transition zone of the Ukrainian

Shield / Acta Geophys. Polonica. — 1999. — XLVII, N 2. — P. 186–201.
30. Sveshnikov K. I., Sukhorukov Yu. T., Pashkevich I. K., Krasovsky S. S. Anorogenic granitoids of the Early Precam-

brian magmatism of the Ukrainian Shield // Bull. Geol. Soc. Finland. — 1993. — 65, Pt II. — P. 119–130.

S. I. Subbotin Inst. of Geophys. of Nat. Acad. of Sci. of Ukraine, Kyiv                      Received 25.02.2002

ÐÅÇÞÌÅ. Ïðèâåäåíî îáîáùåíèå ðåçóëüòàòîâ èçó÷åíèÿ ãëóáèííîãî ñòðîåíèÿ Óêðàèíñêîãî ùèòà ñ
èñïîëüçîâàíèåì èíòåðïðåòàöèè íîâûõ è ïåðåèíòåðïðåòàöèè ïðåæíèõ ñåéñìè÷åñêèõ äàííûõ ÃÑÇ, òðåõìåðíûõ
ìàãíèòíûõ ìîäåëåé çåìíîé êîðû è ñîâìåñòíîãî àíàëèçà èõ ñ ïëîòíîñòíûìè è ñêîðîñòíûìè ìîäåëÿìè. Ñäåëàí
ïðîãíîç ñîñòàâà íèæíåé ÷àñòè êîðû è îïèñàíû ñâÿçè ïðèïîâåðõíîñòíûõ ñòðóêòóð è ïðîÿâëåíèÿ ìàãìàòèçìà
íà äîêåìáðèéñêîì ôóíäàìåíòå ñ ãëóáèííûì ñòðîåíèåì êîðû êðóïíûõ òåêòîíè÷åñêèõ åäèíèö ùèòà.
Ïîä÷åðêèâàåòñÿ, ÷òî â ïðåäåëàõ ìåæìåãàáëîêîâûõ øîâíûõ çîí, êàê ïðàâèëî, íàðóøåíà ñâÿçü ïðèïîâåðõíîñòíûõ
è ãëóáèííûõ ñòðóêòóð.

ÐÅÇÞÌÅ. Íàâåäåíî óçàãàëüíåííÿ ðåçóëüòàò³â âèâ÷åííÿ ãëèáèííî¿ áóäîâè Óêðà¿íñüêîãî ùèòà ç âèêîðèñòàííÿì
³íòåðïðåòàö³¿ íîâèõ òà ïåðå³íòåðïðåòàö³¿ ïîïåðåäí³õ ñåéñì³÷íèõ äàíèõ ÃÑÇ, òðèâèì³ðíèõ ìàãí³òíèõ ìîäåëåé
çåìíî¿ êîðè ³ ñóì³ñíîãî àíàë³çó ¿õ ç ù³ëüí³ñíèìè ³ øâèäê³ñíèìè ìîäåëÿìè. Çðîáëåíî ïðîãíîç ñêëàäó íèæíüî¿
÷àñòèíè êîðè, îïèñàí³ çâ’ÿçêè ïðèïîâåðõíåâèõ ñòðóêòóð ³ ïðîÿâëåííÿ ìàãìàòèçìó íà äîêåìáð³éñüêîìó
ôóíäàìåíò³ ç ãëèáèííîþ áóäîâîþ çåìíî¿ êîðè êðóïíèõ òåêòîí³÷íèõ îäèíèöü ùèòà. Ï³äêðåñëþºòüñÿ, ùî â
ìåæàõ ì³æìåãàáëîêîâèõ øîâíèõ çîíàõ, ÿê ïðàâèëî, ïîðóøåíî çâ’ÿçîê ïðèïîâåðõíåâèõ ³ ãëèáèííèõ ñòðóêòóð.
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Main Types of the Precambrian Rock
Associations of the Ukrainian Shield

Six structure-formation complexes (SFC) are distinguished within the Ukrainian Shield. They unite metamorphic,
(primary sedimentary and volcanogenic), ultrametamorphic and plutonic formations: 1) charnokite-granulite; 2)
plagiogranite-amphibolite; 3) tonalite-greenstone; 4) granite-metasedimentary; 5) plutonic and volcano-plutonic; 6)
volcano-sedimentary. The SFC implicates spatially and genetically related associations of rocks formed under certain
tectonic conditions as a result of manifestation of different types of lithogenesis, volcanism and later petrogenetic
processes (diagenesis, metamorphism, ultrametamorphism, intrusive magmatism, metasomatosis, hedrothermal changes,
etc.) within separate segment of the Earth crust.

The recent four decades were the most fruitful period in investigations concerning the
Ukrainian Shield (USh) associations. Representatives of various home geological schools
took part in the investigation, and their common efforts, allowing for a difficult situation of
scientific opposition, served to form the contemporary understanding of the USh geology
and its megablock separation.

The high degree and complex character of the USh exploration, in contrast to any
other analogous shield, is the result of specific organization of geological prospecting works
(GPW) in the former USSR and approaches to the study of the bowels inherited by Ukraine.
The high (as to the modern standards) and even excessive level of state financing of practi-
cally all the GPW stages favoured high degree of exploration of even buried territories,
where numerous variants of optimal combination of the research methods complex with
predominance of geological-and-geophysical, aerial photo interpretation, petrological-
geochemical, structure-geological methods were approved. That favoured the detailed (as
minimum, in the sense of high density of the observation network) study of not only the
natural and artificial breakups but also, with the help of drilling, of the transstructural
covered profiles of the holes (which have no analogous in other countries all over the world).
It also favoured the decision of cardinal problems of geological structure of the USh, of
substance composition and inner structure of the distinguished rock associations.

The authors, being conscious of its possibility, regect heterovariant geotectonical and
geodynamical interpretation of available geological data, and, notwithstanding their scienti-
fic dispositions, offer their foreign colleagues the objective-statical picture of the structure
and content of the USh, as the picture of spatial distribution of the types of rock associa-
tions. They are distinguished according to paragenetic principle without attracting any ge-
netical ideas as to the nature and geological age of these associations at the stage of map-
ping. Finally, in the proposed variant of data representation the obtained model of geolo-
gical structure of the USh Precambrian permits, if desirable, the proper retrospective inter-
pretation of any type (geohistorical, geodynamical, etc.). Conscious avoiding the strati-
graphic nomenclature, when describing rock associations, is explained by frequent changes
and imperfectness of the available schemes.

The authors distinguish within the USh natural paragenetic associations of four genetic
types: supracrustal, metamorphized, pluton-metamorphic and plutonic, which, according to
the principle of their spatial distribution and genetic relations (established under their fur-
ther chamber study), are grouped into several structure-formational complexes: charnokite-
granulite, plagiogranite-amphibolite, tonalite-greenstone, granitoid-metasedimentary, plu-
tonic and metavolcanogenic. Thus the structure-formation complex [26] is meant as the
nature-historical community of the spatially and genetically linked ore associations of poly-
genic nature which appeared as a result of various types of lithogenesis and petrogenetic
processes (metamorphism, ultrametamorphism, diaphthoresis, magmatism, metasomatosis,
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hydrothermal changes, etc.) within certain segment of the Earth’s crust.
Six structure-formation complexes of different-age take part in the USh structure.

They are characterized by specific composition, internal structure, and tectonic infrastruc-
ture, by relative age position in the Precambrian crust section and by specific formation
conditions. Each of them is characterized by certain spatial distribution, which, with allo-
wance for the above factors, determines the USh division into the North-West (Volyn),
Dniester-Bug (Peri-Bug), Ros-Tikich Ingul-Ingulets (Kirovograd), Peri-Azovian (Fig. 1, a)
and Middle Peri-Dnieper megablocks. The following formations of different genetic types
take part in SFC composition: supercrustal, pluton-metamorphic, plutonic, metasedimen-
tary-volcanogenic, metaterrigenous. Their formation conditions determine peculiarities of
the external structure, character and degree of metamorphism, lateral heterogeneities, and
hence, mapping peculiarities, etc.

The SFC sets and their concrete representatives are rather different in different parts of
the USh. They are separated in a form of large segments (megablocks) due to their district
structure-substance specificity. The megablocks have their analogous in other shields all
over the world and can be reduced to the following major ones: magmatite-granulite, mag-
matite-amphibolite, granite-greenstone and granitoid-metasedimentary. The above megablocks
are rather large segments of the USh Precambrian crust, separated at certain stages of its
geological history and thus, the autonomous geodynamic systems characterized by the spe-
cific history of development, composition, structure 1, metallogeny.

The section of one of the oldest charnokite-granulite SFC is distributed in almost all
megablocks, but mainly within the Dniester-Bug (Fig. 1, b), Middle Peri-Dnieper (Fig. 2)

Fig. 1. Geoblock division of USh (a) and scheme of formation structure of the Dniester-Bug megablock (b). Associa-
tions: 1 — kinzigite-granite; 2 — gneiss-enderbite; 3 — gneiss-leucogranite; 4 — high-alumina-quartzite, marble-
calciphyre, kondalite, eulysite; 5 — faults; 6 — Shield borders. Megablocks: I — Volyn, II — Dniester-Bug; III — Ros-
Tikich; IV — Ingul-Ingulets; V — Middle Peri-Dnieper; VI — Peri-Azovian

_______________________
         1The authors mean both the ordering of the internal structure of the rock associations and tectonic infrastructure
of the area.
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and Peri-Azovian (Fig. 3) megablocks. Depending on completeness of formations safety in
the vertical sections of the above megablocks, the variations of PT-conditions and the scale
of the following transformations (metamorphism, ultrametamorphism, diaphthoresis) one
can distinguish [26] respectively, three varieties: the Bug, Slavgorod and Peri-Azovian blocks.

Generalized relation of supracrustal, pluton-metamorphic and plutonic formations is
shown in Table 1. It is represented by the following supracrustal formations which age
correlation is under discussion.

Kinzigite formation compozed by the interbedding of biotite-garnet plagiogneisses and
gneisses, sometimes with sillimanite, cordierite, graphite (90 % of the formation volume)
and biotite-hypersthene crystalline schists 2 (10 %). It is locally extended in the area of 15–
20 km2 in the form of relicts among kinzigite-granite (Chudnov-Berdychiv) pluton-meta-
morphic formation. Manifestations of graphite (Makharyntsi-Bratanivka site) and abrasive
raw materials (Ivaniv and Lozna deposits), contrast geochemical anomalies of molybdenum,
lead and silver are connected with this formation.

Hypersthene plagiogneiss-crystalline schist 3000 m thick formation represented by the
interbedding of hypersthene-including plagiogneisses and crystalline schists (75 %) with
bipyroxene crystalline schists (25 %) and single interlayer and lenses of marble and calci-
phyres (about 1 %), which are confined to the section bottom. Its primary-volcanic nature
is proved, proceeding from total characteristics. Manifestation of phlogopite (Lukashivka
site) and copper ore manifestations are connected with this formation.

Basite-ultramafite-leucogranulite formation which is distributed in fragments (in a form
of different-area relicts) among migmatite-granite-gneissic aggregates of pluton-metamor-
phic gneiss-alaskite formation which are distributed all over the vast territories of the Peri-
Bug area. It consists of two separate parts: the lower, mainly basite-ultramorfite (400–800 m
thick), variegated part with lateral variation, and the upper (above 1000 m) mainly gneissic
part, homogeneous in composition and structure.

The rhythmic internal structure of the section, determined by availability of the rhythms
of two-, three- and four-component structure, is characteristics of the formation as a whole.
The three-component rhythms are most typical of the lower part of the formation; their
lower part is represented by amphibolites and hornblende or orthopyroxene-cummingtonite
metaultramafites, to the less extent — by ferruginous quartzites 3, calciphyres, graphite- and
garnet-inclusive crystalline schists; the middle rhythm component is represented by biotite-
hornblende crystalline schists, the upper one — by biotite hypersthese-biotite plagiogneisses.

Fig. 2. Scheme of formation structure of the
Middle Peri-Dnieper megablock: Associations:
1 — granulite-gneissic; 2 — plagiogranite-
amphibolite-gneissic; 3 — greenstone; 4 —
metarhyodacite-tonalite; 5 — granite; 6 —
faults

________________________
        2Here and further — deep-metamorphized rocks of medium (in chemism) composition.
       3From classical ferruginous quartzites with primitive mineral composition (quartz, magnetite, or products of its
changes) are distinguished (side by side with structure — textural signs) by the appearance of variable amounts of
amphibole, pyroxene, garnet.
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Mafite and ultramafite interlayers practically disappear and two-feldspar biotite and biotite-
garnet gneisses appear in the upper part of the formation, besides, the four-component type
of rhythms, which upper part is completed by the latter, predominates. There are two
opposite versions as to the nature of petrotypes of acid composition. According to one of the
versions gneisses are the arkoses, according to other one — they are acid volcanites. The
primary-volcanogenic nature of basite-ultrabasite petrogenesis of the formations is treated
unanimously. Besides the iron-ore manifestation, the formation is connected with high-
silica and graphite raw materials. From the results of uranium-lead dating of accessory
zircons from biotite gneisses their age is 2.30 Ga [36], which probably corresponds to the
manifestation time of one of the latest stages of tectono-thermal reworking of the rocks of
the given SCF.

Fig. 3. Scheme of formation structure of the Peri-Azovian megablock. Associations: 1 — pyroxenite-peridotite; 2 —
gneiss-enderbite diaphthorised; 3 — gneiss-leucogranite; 4 — tonalite-greenstone complex: (a — metavolcanogenic-
sedimentary formations; b — tonalite-plagiogranite formation); 5 — granite formation; 6 — plutonic formations of high
alkalinity (alkaline-ultrabasic, granite-granosienite and alkaline-sienite formations); 7 — faults; 8 — Shields borders

Table 1. Rock associations of charnokite-granulite SFC

F o r m a t i o n s
Supracrustal Plutonic-metamorphic Plutonic

Metadunite-harzburgite
(hyperbasite)

Eulisite
Condalite
Marble-calciphyre
High-alumine-quartzite
Leucogranulite Gneiss-alaskovite Alaskitoid granites
Hypersthene plagiogneiss-
crystalline schist

Gneiss-enderbite and crystalline
schist-diorite-tonalite (sobite1)

Enderbite-charnokite

Kinzigite Kinzigite-granite and hypers-
thene-garnet blastites (vinnizi-
tes2)

N o t e. 1distributed in the Ros-Tikich megablock. Its plutonic part is characterized by mineral
paragenesis of amphibolite facies; 2 distributed in he transition zone of postgenetic reworking of
kinzigite and hypersthene plagiogneiss-crystalline schist formation.
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The two-feldspar granites of the Southern massif (plutonic formation of alaskitoid
granites) which are the edge (plutonic) component of a number of ultrametamorphic trans-
formations of the supracrustal leucogranulite formation (through the pluton-metamorphic
gneiss-alaskite formation) are of 2.40 Ga [11].

The hypersthene plagiogness-crystalline schist and basite-ultramafite-leucogranulite
formations are demonstrated during geological excursions in separations along the North
Bug in the Kosharo-Oleksandrivka vil. district as well as in the section of the Mayske gold-
ore deposit.

High-alumina-quartzite formation composed by coarse-rhythmically interbedded (rhythm
thickness of tens of meters) graphite and sillimanite gneisses and crystalline schists (20 %),
quartzites (55 %) and pyroxene-including crystalline schists (25 %). In the two- and three-
component rhythms the petrotypes are distributed in the above succession in direction to the
top of the element rhythms. The rocks origin is interpreted unanimously as metamorphized
crust of weathering, when weathering crust formation periods alternated with the cycles of
the crust rewash and redeposition and were completed by basic volcanism. The general
spatial connection between this and underlying formations evidences in favour of the men-
tioned version and allows admitting the leucogranulite formation as the source of destruc-
tion.

The section distributed only within the limits of the Zavallya structure (demonstrated
during geological excursion before the plenary meetings of the Symposium) is observed
above.

Marble-calciphyre formation is mainly composed by forsterite calcite-dolomite and
calcite calciphyres (up to 85 %), by interbeds of dolomite marbles (15–20 %) which contain
about 1.5 % of manganese and is a source of manganase-containing crusts of weathering.

Condalite formation is composed by biotite-garnet-graphite gneisses (45 %), calcyphire
(30 %) and magnetite-hypersthene-garnet-quartz rocks (25 %). Large deposit of graphite is
bound with this formation. The deposit structure is demonstrated to participants of the
excursion to Zavallya quarry.

Eulysite 2500 m thick formation is made up by garnet gneisses (20 %), hypersthene
gneisses and plagiogneisses (50 %), bipyroxene and hornblende-bipyroxene crystalline schists
(30 %) as well as by garnet-hypersthene-magnetite-quartz rocks — eulysites (about 1 %).
The formation extended between the vil. of Khashchuvate and Zavallya has the most diffe-
rentiated composition and ordered internal structure. Two four-component and two bicom-
ponent subformations with thickness from 450 to 900 m have been found in its section [25].
The combination of garnet gneisses, hypersthene gneisses and basic crystalline schists in the
composition of four-component subformations often creates in the noted succession (from
the bottom to the top) the well-expressed one-sided asymmetric rhythms which, besides the
repeated succession, are emphasized by gradual transition between the components inside
the rhythm and sharp change on the rhythms boundary.

According to data available the SFC rocks were formed during 3.65–1.95 Ga. The
oldest age — 3.65 Ga was obtained by means of ion-ion mass-spectrometer in the laboratory
of isotope geology at Sweden Royal Museum of the Nature History for magmatogenic
zircon (the second plagiogneiss). Somewhat less age — 3.12 ± 0.13 Ga have zircons (the
third generation of zircons) which were formed as a result of manifestation of metamor-
phism with PT-parameters of granulite facies. This zircon generation encloses the inclusion
of hypersthene and high-titanium biotite. At the end of Archean the complex rocks were
subject to endogenous transformations with PT-parameters of amphibolite facies. As a re-
sults, the 2.78–2.72 Ga old zircons were crystallized in biotite-garnet leucocratic gneisses
and mafite and ultramafite granulites. Charnokites and antipertite enderbites were formed
during Paleoproterozoic as a result of ultrametamorphic reworking in the rocks of the earli-
est complexes. And, at last, zircons from amphibol-bipyroxene garnet-enclosing mafite gra-
nulites-metamorphized mafites of the dyke complex are characterized by the least values of
the isotope age (1.95 Ga). These zircons were evidently formed as a result of manifestation
of endogenous processes (metamorphism) with PT-parameters of amphibolite facies, since
amphibole, which is analogous, as to its composition, to amphibole of metabasites them-
selves and which is in paragenesis with garnet (f = 80.5–81.7) was found in these facies.

Plagiogranitoid-amphibolite SFC is distributed within the Ros-Tikich (Fig. 4) and Mid-
dle Peri-Dnieper (Fig. 2) megablock and it is observed in a number of small areas within the
North-West and the western part of Ingul-Ingulets megablocks of the USh and is presented
by the Gnylyi Tikich (Fig. 4) and Auly varieties, respectively. Regional metamorphism and
ultrametamorphism of amphibolite facies, apparent domination of formations of supercrus-
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tal and pluton-metamorphic type under inconsiderable role of plutonic ones are characte-
ristic of these formations. The above SFC represented by combination of different class
formations (Table 2) has been generalized. A detailed description of the ratios, composition
and differences observed in the regional varieties is presented in [6].

Their unification into a single SFC is still under discussion because of their different
age; which will be dealt with below. Amphibolites which are less migmatized than the Auly
amphibolites prevail in the Tikich variety. The latter undelie the Mesoarchean greenstone
rock mass and the former can be conditionally referred to the youngest greenstone forma-
tions of the USh.

Supracrustal formations of this SFC are presented (from the bottom to the top) by
gneiss-crystalline schist and amphibolite formations. A single-type rock paragenesis of biotite,
hornblende (with epidote and carbonate) plagiogneisses, crystalline schists and amphibolites
with broad-range of quantitative variations of the above basic minerals is characteristic of
the both formations. The SFC section has a general tendency of the upwards decrease of
silica-improverished and lime-enriched petrotypes (crystalline schists, amphibolites with the
prevailing of their carbonate varieties) as well as decrease in the same direction of thickness
of the upper components of rhythms under synchronous decrease of thickness or disappea-
rance of the lower components of the rhythms. A single-type character is preserved in the
rhythm structure: the lower parts are composed by plagiogneisses with upwards transition to
carbonate-enclosing varieties, the middle part of the rhythms is composed by crystalline
schists, the upper — by amphibolites. It is significant, that if the domination of three-
component rhythms is characteristic of the lower (crystalline schist-plagiogneissic) forma-
tion that of two-component rhythms with practically disappearing "basal" gneiss component

Fig. 4. Scheme of formation structure of
the Ros-Tikich megablock. Associations:
1 — kinzigite-granite; 2 — gneiss-ender-
bite diaphthorized; 3 — gneiss-leucog-
ranite; 4 — amphibole-crystalline schist-
diorite; 5 — plagiogranite-granodiorite;
6 — granite formation (granitoids of
Uman’ type); 7 — faults; 8 — Shield
borders
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is characteristic of the upper formation. The mentioned tendencies lead to the expressed
"antidromic" 4 trend of the section composition change along the stratigraphic vertical. The
above supracrustal formations are present in a form of different size fragments among plu-
ton-metamorphic formations of the corresponding formations (Table 2), composed by dior-
ite rocks (diorites, quartz diorites, granodiorites), tonaliites, plagiogranites with variable
mineral composition (epidote, biotite, hornblende) and structure-textural characteristics.

The isotope age of the SFC rocks, according to available data, is within 3.2–2.0 Ga [1].
In the Ros-Tikich geoblock the Archean age values were obtained only for the rocks

distributed in its western part adjacent to the Dniester-Bug geoblock. In the rest of the
region territory the rocks are probably distributed which were formed in Paleoproterozoic.
Ultrametamorphic plagiogranitoids substituting the supracrustal rocks enclose zircons, the
age of 2.1 Ga (quartzite diorite, plagiogranite) being defined for them. Bifeldspar granites
(as from the results of geological observations) are of somewhat less age of 2.0 Ga.

This SFC rocks distributed within the Middle Peri-Dnieper geoblock are considerably
older.

The tonalite-greenstone SFC is distributed in geostructural units of two types: the Mid-
dle Peri-Dnieper granite-greenstone region (Middle Peri-Dnieper megablock, Fig. 2) and

Fig. 5. Scheme of formation structure of
Ingul-Ingulets  megablocks. Formations:
1  —  rapakivi-granite;    2 — gabbro-
anorthosite;   3 — granite; 4 — monzo-
nite; 5 — metagraywacke; 6 — metater-
rigeno-carbonate, ferrugineous-siliceous
and metavolcanogenic-siliceous-schistose.
Associations: 7 — plagiogranite-amphi-
bolite; 8 — granitoid-granulite; 9 — faults;
10 — Shield borders

Table 2. Rock associations of plagiogranitoid-amphibolite SFC

F o r m a t i o n s
Supracrustal Plutonic-metamorphic Plutonic

Plagiogranite
Crystalline-schist-amphibolite
Crystalline-schist-plagiogneissic

Gneiss-granite-plagiogranite
Gneiss-diorite-plagiogranite

____________________
       4Primary nature of the section is a subject for discussions between adherents of its primary-sedimentary and
volcanogenic.
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Peri-Azovian granulite-greenstone region (Peri-
Azovian megablock, Fig. 3) in accordance with
geographical distribution it is presented by the
Middle Peri-Dnieper and Kosyvtseve-Sorokyne
complexes.

The section of tonalite-greenstone SFC of
the Middle Peri-Dnieper complex is presented
by essentially volcanogenic (lower) and essen-
tially terrigenous (upper 5) structural floors which
are spatially combined everywhere and confined
to greenstone structures.

Specificity of geology of the lower volcano-
genic level [8] consists in general presence of
comagmatic associations (volcano-plutonic as-
sociations — VPA) volcanogenic and plutonic
formations which are characterized by the iden-
tity of substance composition and formation age,
by continuous spatial mutual occurrence and
thus, by mapping in a form of the single geolo-
gical bodies in the rank of suites and subsuites,
by participation in the structure of single paleo-
volcanoes, etc.

Zonal metamorphism (from green-schist to
epidote-amphibole, rarely amphibolite facies) is
a characteristic feature.

The SFC in the most studied Sura struc-
ture is composed by stratified rock associations
of four formation types (metadacite-andesite-
toleite; metakomatiite-toleite; jespillite-metatole-
ite; metarhyolite-dacite) each of them being pre-
sented in separate greenstone structures by their
regional varieties (specific formations according
to [8] from the bottom to the top): the lower
madacite-andesite-toleite-diorite VPA, represen-
ted (Table 3) by volcanogenic lower metadacite-
andesite-toleite and plutonic early gabbro-dia-
base-diorite formations 6.

The next basic "basal", as to its nature, and
the most typical part of the SFC sections is cha-
racterized by dominating distribution in the bor-
ders of all greenstone structures, by the greatest
thickness of the section of its stratified part (about
5–6 km and sometimes even more), by the four-
component structure of the section (Table 3),
determined by concentration in its certain parts
of the basic members of the rock paragenesis
inherent in metakomatiite-toleite formation:
metabasalts, comatiite basalts, pyroxenite and
peridotite metakomatiites. As the result, four
paragenerations: essentially basite KT-1, essen-
tially ultrabasite KT-2 (lower), andesite-basite
lava-pyroclastic KT-3 and essentially ultrabasite
KT-4 (upper) paragenerations are materialized
in the section of greenstone structures spatially
and in stratigraphic vertical. These parts of the
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         5The latter belongs to the next granitoid-metaterrigenous
SFC.
             6In the opinion of O. Bobrov such VPA does not exist,
since the assimilation effect of metarhyodacite — plagiogra-
nite VPA on metatoleite-gabbro-diabase one takes place in
the sites of their stratotype description.
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section, allowing for the synchronous and spatially combined with them development of
comagmatic plutonic formations, are represented by the corresponding independent VPA
(Table 3): lower metatoleite-gabbro-diabase VPA (volcanogenic parageneration KT-1 of meta-
komatiite-toleite formation + comagmatic in its respect association of the first phase of
metagabbro-diabase plutonic formation); lower metakomatiite-dunite-harzburgite VPA (vol-
canogenic paragenerations KT-2 of metakomatiite-toleite formation [10, 13] + comagmatic
in its respect association of the first phase of metadunite-harzburgine plutonic formation);
upper metatoleite-gabbro-diabase VPA (volcanogenic parageneration KT-3 of metakomatiite-
toleite formation + comagmatic in its respect association of the second phase of metagab-
bro-diabase plutonic formation) and upper metatoleite-gabbro-diabase VPA (volcanogenic
parageneration KT-4 of metakomatiite-toleite formation + comagmatic in its respect asso-
ciation of the second phase of metadunite-harzburgite-plutonic formation).

In most greenstone structures the metakomatiite-toleite formation is lithofacially dis-
placed laterally by formations of jaspillite-metatoleite type (for example, schistose-jaspillite-
metatoleite) in which composition, besides the basic and ultrabasic metaeffusives, different
metatuff sandstones, metatuffaleurolites, metaargillites, quartzites, including magnetite ones,
are present.

Further the section is correspondingly incremented by the upper metadacite-andesite-
toleite-diorite VPA. Domination of the contrast types of the rocks paragenesis [9, 12–20, 23–
26, 39], broad development of rocks of pyroclastic facies are characteristic of this VPA. One-
two cycles, two paragenerations being distinguished in one of them, are separated in diffe-
rent structures in the stratified part of VPA section. Lower paragenerations of such cycles are
composed by parageneses of metatoleites and metaandesites with domination of the former.
Contrast metavolcanite parageneses of mainly basic and acid composition take part in the
structure of the upper paragenerations of the cycles.

The following, lower metakomatiite-pyroxenite VPA  is  represented by volcanogenic
lower metakomatiite and plutonic metagabbro-pyroxenite formations. Two different parts
are distinguished in the composition of stratified metakomatiite formation: the lower essen-
tially volcanogenic (presented by stratified flows of pyroxenite metakomatiites in association
with metabasalts) and upper essentially chemogenic-sedimentary [5] parts.

The greenstone structure section is completed by metarhyodacite-plagiogranite VPA,
represented by volcanogenic metarhyodacite and comagmatic in its respect plutonic to-
nalite-plagiogranite formations [6–8]. The role of this VPA is unique, allowing for its colos-
sal structure-forming and metallogenic influence on geological environment. Sections of
this VPA distribution in the greenstone structure are characterized by the appearance of
folded high-order forms, by combination of folded-disjunctive deformations with synchro-
nous manifestation of ore-metasomatic transformations under the effect of fluid systems,
which degasified from the acid melts during their crystallization. It is such thermal-metaso-
matizing influence, which is the main factor of remobilization of ore components from the
surrounding basite-ultrabasite associations and its redeposition with a tendency to enrich-
ment in new structure-formational conditions. As a results a number of gold-ore objects [9]
of the type of Sergiivka Balka Zolota, Balka Shiroka, Vilny Khutor, etc., have formed in the
USh greenstone structures.

Radiological age of metarhyodacite-plagiogranite VPA is 3.0–3.2 Ga [1] in the Middle
Peri-Dnieper megablock and 3.3 Ga according to data of [1, 30] — in the Peri-Azovian
megablock. The following values of age [1] have been obtained for zircons from metavolca-
nites of acid composition: 3168 ± 6 Ma (Verkhivtsevo structure); 3057 ± 3.2 (Bilozerske
structure); 3033 ± 6.4 (Chortomlyk structure).

The Peri-Azovian megablock is distinguished by reducibility of the section of stratified
part of tonalite-greenstone SFC, which is represented only by metakomatiite-toleite and
metarhyodacite formations and comagmatic in their respect plutonic equivalents (Table 3).

Proceeding from radiogenic age of zircons (3.3 Ga [1]) from quartzite diorites of Do-
bropillia massif which intrude the Kosyvtseve rockmass (metakomatiite-toleite formation).
Age of zircons from andesites of Novogorivka structure is 3.1, Gulyaipole structure — 2.8
Ga [1].

As to regularities of construction of generalized section of tonalite-greenstone SFC,
one can say that the established [8] antidromic tendency to the change of the total compo-
sition in the section of certain parts (paragenerations) of metakomatiite formation, ex-
pressed in their gradual deoxidization towards the bottom, is their characteristic feature.
Thus, each of this formation paragenerations is more acid at the bottom and more basic in
the upper parts of the section. However, this tendency is manifested against a background of
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general homodromic trend of the change of the whole formation
section composition which is displayed in relatively more and
more acid composition of each next affined part of the formation
section with respect to the previous one. Thus, the essentially
basite parageneration KT-3 is more salic relative to KT-1, its
precursor in the section, and considerably ultrabasite paragenera-
tion KT-4 — relative to parageneration KT-2, possessing analo-
gous composition. The noticed tendencies also manifest in the
structure of all the (generalized) formation series: homodromic
tendencies are completed by the section of the least mafic of the
affined ultrabasite formations — the metakomatiite one (Table 3),
and basite association of metakomatiite formation KT-1 and KT-
3 paragenerations is completed by more salic upper metadacite-
andesite-toleite formation. Apotheosis of homodromic tenden-
cies is the appearance of essentially acid metarhyodacite forma-
tion in the section; it completes the section of the stratified part
of tonalite-greenstone SFC. Thus, at least three pronounced an-
tidromic cycles are observed in the structure of the described sec-
tion: (basite KT-1  ultrabasite KT-2; andesite-basite KT-3 
ultrabasite KT-4; acid-midbasic DAT  ultrabasite K) against a
background of general homodromic (basite-ultrabasite KT  acid-
midbasic DAT  ultrabasite K  acid RD) trend of the section
composition change.

The carried out paleovolcanic reconstructions [8] have shown
that the initial stages of lava-accumulation in the greenstone struc-
tures occurred in a form of numerous fracture influences along
the zones of deep-seated faults. Linearity and considerable exten-
sion of the feeding fractures in the period of KT formation pro-
vided for the facial composition of volcanite and their symmetric-
zonal distribution relative to the axial lines of the faults. Periodic
fading of volcanic activity accompanied by synchronous develop-
ment of specific tuffogenic- and chemogenic-sedimentary types
of lithogenesis took place during this formation origination. Ac-
cumulation of the next metadacite-andesite-toleite and metako-
matiite formations took place under the conditions of existence of
the central type structures [34], which arised because of the gra-
dual sealing of the fracture channels of the previous stages. Rhy-
odacite formation, which completes the development stage of vol-
canogenic part of the greenstone structures, was formed in condi-
tions of distinctly expressed combined character of the volcanoes
functioning.

The SFC metallogeny peculiarities are determined on the
one hand by syngenetic formations of concrete VPA of deposits
and ore manifestations of different kinds of raw minerals (iron
ores, sulphide and silicate nickel in the crusts of weathering) and,
on the other hand, by remobilizing influence of metarhyodacite-
plagiogranite VPA with the following superposition of epigenetic
mineralization (ore-metal pegmatites, gold- and molybdenum-
ore objects, platinoids, uranium, etc.).

Granitoid-metasedimentary structure-formation complexes in
contrast to the previous ones are characterized by zonal-meta-
morphic (from granulite to greenstone facies) character, domina-
tion in the sections of stratified formations of primary-sedimenta-
ry origin, and in the composition of plutonic formations — of
two-feldspar granitoids, and by local-boundary manifestation of
pluton-metamorphic formations. Granitoid-sedimentary SFC
occur with the expressed structural discordance on three previous
ones, they are extremely laterally heterogeneous and are mainly
presented in two geological conditions, which allow their two
types to be distinguished: ferruginous-siliceous and carbonaceous-
gneissic, respectively.
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The former in distributed in the territory of the Middle Peri-Dnieper (Fig. 2) and Peri-
Azovian (Fig. 3) megablocks and presented by primary-sedimentary stratified formations
practically without manifestations of their ultrametamorphic reworking (in accordance with
Kryvyi Rig-Bilozerske and Gulyaipole-Osypenko complexes). The latter type complex is
distributed within the North-West and Ingul-Ingulets (Fig. 5) megablocks (in accordance
with the Teteriv and Ingul-Ingulets complexes) and is characterized by the display of some-
where-intensive ultrametamorphic transformations of the substrate of stratified formations
(Table 4).

The unification of these rather complicated formations (both in the composition and
occurrence conditions) into a single SFC is also under discussion; this concerns not only the
two distinguished main types but also the unification or comparison of the Kryvyi Rig and
Bilozerske sections. The sections distinguished not only by age but also by structure position
and   composition:   sedimentary  formation prevail in the former, but also volcanogenic
ones — in the latter.

The isotope age of the first type rocks, according to data available (metarhyodacites of
the Bilozerske structure)  is  3.0 Ga  [1]   and  that  of metabasites of the Kryvyi Rig series
2.4 Ga. Gneisses and amphibolites of the Teteriv and Ingul-Ingulets type are exceptionally
related to Paleoproterozoic.

During geological excursions participants of the Symposium will see the section of
metakomatiite-toleite (tonalite-greenstone SFK) and metaconglomerate-sandstone-aluminia-
schistose (granitoid-metasedimentary SFC formations) of the Sorokyne greenstone struc-
ture of the Peri-Azovian megablock in the Berda river exposures between the Sobacha Balka
and Kruta Balka. Besides, the Surozh gold ore and Kruta Balka rare-metal deposits will be
demonstrated there. More detailed information in [13].

Plutonic and volcano-plutonic SFC are characterized (Table 5) by sharp quantitative
prevalence of plutonic formations and close simultaneous formation with stratified struc-
tures. This characteristic serves to distinguish [17] volcano-plutonic (Osnytsya), anorthosite-
rapakivi-granite (Korosten’, the detailed description of its petrotypes is in [2, 3, 15, etc.] and
Korsun’-Novomyrgorod [18, 23, etc.]) complexes and complex of granitoids of high alkali-
nity (East Peri-Azovian [16, 18, etc.]).

The isotope age of the complex rocks according to data available is within 2.0 Ga (the
former) and 1.8–1.7 (the latter).

Zircons from metarhyolites and metadacites are defined as those of 2.0 Ga. Intrusive
rocks of the Korosten’ pluton have been characterized more in detail as to their age (Ga):
anorthosites of early phase — 1.8; another phase — labradorite-gabbro-norite — 1.76; rapa-
kivi granites — 1.7; biotite granites (Lyznyk) — 1.7 and granite-porphyres — 1.7 [39].
Labradorites of the Korsun’-Novomyrgorod pluton — were formed later 1.7 Ga ago [29].

Molibdenite mineralization (Tomashgorod ore field including the Viry ore manifesta-
tion and a number of mineralization manifestations, and Ustynivka ore field with Verbne
Bi-Mo deposit and a number of ore manifestations) is connected with the Osnytsya com-
plex.

The following manifestations are connected with other plutonic formations: 1. Phos-
phorus-titanium-bearing gabbro-anorthosites: apatite-ilmenite and titanium-magnetite ores
have been formed in the zones of their contacts with rapakivi granites. The above ores also
concentrate V and Sc (Stremygorod, Kropyvne, Nosachi deposits and numerous ore mani-
festations in the Korosten’ and Korsun’-Novomyrgorod plutons); 2. Rare-earth-zirconium-
bearing sienites with corresponding deposits (Azov-Yastrubetske) and ore manifestations
(Velyka Vyska); 3. Tantalum-niobium-zircon-bearing nepheline sienites enclosing the Ma-
zurivka deposit and Mala Tersyanka ore manifestation.

Rare-metal complex mineralization (Perga deposit and a number of ore manifestations
in the homonymous ore field, ore manifestation within the Katerynivka, Kamyana Mogyla
and Starodubivka massifs of the Peri-Azovian area) is bound with the complex of subalka-
line granites in the zones of hydrothermal-metasomatic changes.

Volcanogenic-sedimentary SFC are represented by the Ovruch complex characterized
by presence of weakly- and nonmetamorphized volcanogenic formations of the Bilokorovy-
chi; Ovruch and Vilchany depressions [27, 40] distributed in the north-western part of the
USh, copper, as well as lithium, beryllium, zirconium in its section. Laterally bound sand-
stone-aleurolite and trachyodesite-rhyolite formations occur in the basement of the layered
part of SFC; they are subsequently changed upwards firstly by quartzite-sandstone, and
them by aleurolite rocks formations.

The isotope age of the complex rocks, according to data available is within 1.8–1.6 Ga
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[39]. Uranium-lead   age   of  zircons from quartz porphyries of the Vilchany structure is
1.17 Ga, that of the Ovruch structure 1.74 Ga [19].
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ÐÅÇÞÌÅ. Â ïðåäåëàõ Óêðàèíñêîãî ùèòà âûäåëÿþòñÿ íà ïàðàãåíåòè÷åñêîé îñíîâå øåñòü ñòðóêòóðíî-
ôîðìàöèîííûõ êîìïëåêñîâ (ÑÔÊ), êîòîðûå îáúåäèíÿþò ìåòàìîðôè÷åñêèå (ïåðâè÷íî-îñàäî÷íûå è
âóëêàíîãåííûå), óëüòðàìåòàìîðôè÷åñêèå è ïëóòîíè÷åñêèå ôîðìàöèè: 1) ÷àðíîêèò-ãðàíóëèòîâûé; 2)
ïëàãèîãðàíèòîèäíî-àìôèáîëèòîâûé; 3) òîíàëèò-çåëåíîêàìåííûé; 4) ãðàíèòíî-ìåòàîñàäî÷íûé; 5)
ïëóòîíè÷åñêèé è âóëêàíî-ïëóòîíè÷åñêèé; 6) âóëêàíîãåííî-îñàäî÷íûé. Ïîä ÑÔÊ ïîíèìàåòñÿ ïðîñòðàíñòâåííî
è ãåíåòè÷åñêè ñâÿçàííàÿ àññîöèàöèÿ ãîðíûõ ïîðîä, êîòîðûå îáðàçîâàëèñü â îïðåäåëåííûõ òåêòîíè÷åñêèõ
óñëîâèÿõ âñëåäñòâèå ïðîÿâëåíèÿ ðàçíûõ òèïîâ ëèòîãåíåçà, âóëêàíèçìà è áîëåå ïîçäíèõ ïåòðîãåíåòè÷åñêèõ
ïðîöåññîâ (äèàãåíåçà, ìåòàìîðôèçìà, óëüòðàìåòàìîðôèçìà, èíòðóçèâíîãî ìàãìàòèçìà, ìåòàñîìàòîçà,
ãèäðîòåðìàëüíûõ èçìåíåíèé è äð.) â ïðåäåëàõ îòäåëüíîãî ñåãìåíòà çåìíîé êîðû.

ÐÅÇÞÌÅ. Ó ìåæàõ Óêðà¿íñüêîãî ùèòà âèä³ëÿþòüñÿ íà ïàðàãåíåòè÷í³é îñíîâ³ ø³ñòü ñòðóêòóðíî-ôîðìàö³éíèõ
êîìïëåêñ³â (ÑÔÊ), ÿê³ îá’ºäíóþòü ìåòàìîðô³÷í³ (ïåðâèííî-îñàäîâ³ òà âóëêàíîãåíí³), óëüòðàìåòàìîðô³÷í³ òà
ïëóòîí³÷í³ ôîðìàö³¿: 1) ÷àðíîê³ò-ãðàíóë³òîâèé; 2) ïëàã³îãðàí³òî¿äíî-àìô³áîë³òîâèé; 3) òîíàë³ò-çåëåíîêàì’ÿíèé;
4) ãðàí³òî¿äíî-ìåòàîñàäîâèé; 5) ïëóòîí³÷íèé òà âóëêàíî-ïëóòîí³÷íèé; 6) âóëêàíîãåííî-îñàäîâèé. Ï³ä ÑÔÊ
ðîçóì³ºòüñÿ ïðîñòîðîâî òà ãåíåòè÷íî ïîâ’ÿçàíà àñîö³àö³ÿ ã³ðñüêèõ ïîð³ä, ùî óòâîðèëàñÿ â ïåâíèõ òåêòîí³÷íèõ
óìîâàõ âíàñë³äîê ïðîÿâó ð³çíèõ òèï³â ë³òîãåíåçó, âóëêàí³çìó ³ á³ëüø ï³çí³õ ïåòðîãåíåòè÷íèõ ïðîöåñ³â (ä³àãåíåç,
ìåòàìîðô³çì, óëüòðàìåòàìîðô³çì, ³íòðóçèâíèé ìàãìàòèçì, ìåòàñîìàòîç, ã³äðîòåðìàëüí³ ïåðåòâîðåííÿ òîùî) â
ìåæàõ îêðåìîãî ñåãìåíòà çåìíî¿ êîðè.
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²íñòèòóò ãåîõ³ì³¿, ì³íåðàëîã³¿ òà ðóäîóòâîðåííÿ ÍÀÍ Óêðà¿íè
îãîëîøóº ïðèéîì: äî äîêòîðàíòóðè òà àñï³ðàíòóðè ç â³äðèâîì

òà áåç â³äðèâó â³ä âèðîáíèöòâà íà 2002 ð.
çà ñïåö³àëüíîñòÿìè:

äî äîêòîðàíòóðè

04.00.08 — ïåòðîëîã³ÿ.
Ïðèéîì çàÿâ äî 1 ñåðïíÿ 2002 ð.

äî àñï³ðàíòóðè

04.00.02 — ãåîõ³ì³ÿ;
04.00.08 — ïåòðîëîã³ÿ;
04.00.20 — ì³íåðàëîã³ÿ, êðèñòàëîãðàô³ÿ.

Âñòóïíèêè äî àñï³ðàíòóðè ïîäàþòü äî 10 âåðåñíÿ 2002 ð. íà ³ì’ÿ
äèðåêòîðà ²íñòèòóòó òàê³ äîêóìåíòè:

1. Çàÿâà.
2. Îñîáîâèé ëèñòîê ç îáë³êó êàäð³â.
3. Ñïèñîê îïóáë³êîâàíèõ íàóêîâèõ ïðàöü ³ âèíàõîä³â. Àñï³ðàíòè, ÿê³

íå ìàþòü îïóáë³êîâàíèõ íàóêîâèõ ïðàöü ³ âèíàõîä³â, ïîäàþòü íàóêîâ³
äîïîâ³ä³ (ðåôåðàòè) ç îáðàíî¿ íèìè ñïåö³àëüíîñò³.

4. Ìåäè÷íà äîâ³äêà ïðî ñòàí çäîðîâ’ÿ çà ôîðìîþ ¹ 286-ó.
5. Êîï³ÿ äèïëîìà ïðî çàê³í÷åííÿ âèùîãî íàâ÷àëüíîãî çàêëàäó ³ç

çàçíà÷åííÿì îäåðæàíî¿ êâàë³ô³êàö³¿ ñïåö³àë³ñòà àáî ìàã³ñòðà (îñîáè,
ÿê³ çäîáóëè â³äïîâ³äíó îñâ³òó çà êîðäîíîì, — êîï³þ íîñòðèô³êîâàíîãî
äèïëîìà).

6. Ïîñâ³ä÷åííÿ ïðî ñêëàäàííÿ êàíäèäàòñüêèõ ³ñïèò³â (çà ¿õíüî¿
íàÿâíîñò³). Ïàñïîðò òà äèïëîì ïðî âèùó îñâ³òó ïîäàþòüñÿ âñòóïíèêîì
îñîáèñòî.

À ä ð å ñ à   ² í ñ ò è ò ó ò ó:
03680, Êè¿â-142, ïð-ò Ïàëëàä³íà, 34, ò. 444-04-60
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Deposit Rock Mineral-concentrator Zr Nb Ce Y TR Be Reference

Chernigivka Carbonatite Pyrochlore-hatchettolite, columbite, Се-
fergusonite, monazite, zircon, baddeleyite

50–150 50–1300 1500 40 3200 — Authors, [7, 9,
24]

Oktyabrsky Mariupolite Pyrochlore, zircon, britholite 3800 1300 270 160 810 — Authors
      " 4000 700 — — 1000 — [22]

Azov Host syenite
(taxite)

2200 220 2200 380 5280 — Authors

Ore syenite Zircon, britholite, orthite to 1.8·105 to 800 to 4·104 to 1.4·104 to 1·105 — [21], Authors

Yastrubetsky Host syenite 1800 240 480 340 1400 — Authors
Ore syenite Zircon, britholite, orthite to 4·104 — to 1000 — to 2500 — "

Perga Perthosite Genthelvine, cyrtolite, cassiterite,
columbite

600 270 200 150 — 240 [15]

    " — — — — — 0.55 ВеО [26]
Sushchany-
Perga

Yttrium-
fluorite ore

Y-fluorite — — — to 1700 — — [5]

N SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O S P2O5 CO2 F ZrO2 TR2O3 H2O
- H2O

+ Total

Azov deposit
1 46.70 0.53 11.73 7.70 10.0 0.30 0.42 3.05 3.80 3.60 — 0.10 3.00 0.40 5.25 1.80 0.20 0.40 98.98
2 48.04 0.80 12.20 4.47 8.95 0.35 1.02 3.96 3.94 3.58 — 0.10 1.23 0.55 5.30 4.52 0.20 0.60 99.81
3 44.98 0.26 16.51 4.40 8.29 0.37 0.99 2.56 2.60 2.90 0.08 0.06 0.74 — 10.36 2.51 0.02 1.33 98.96
4 60.81 0.04 20.21 1.44 0.86 0.05 0.62 0.70 5.10 3.80 0.02 0.04 — — 6.24 0.14 — 0.22 100.29

Yastrubetsky deposit
5 57.50 0.08 16.67 0.42 2.73 0.08 0.48 1.92 5.96 4.90 0.02 0.15 0.82 0.40 6.61 — — 0.98 99.72
6 47.20 0.74 13.80 2.00 11.70 0.17 0.98 4.80 4.24 4.52 0.08 0.14 1.11 0.78 4.90 — — 2.87 100.03
7 59.50 0.10 16.75 1.45 1.94 0.07 0.43 1.23 6.04 4.80 — 0.04 0.46 0.23 6.00 0.15 — 0.59 99.78
8 56.60 0.19 15.50 2.29 4.52 0.16 0.55 2.57 5.51 5.02 0.01 0.08 0.92 0.70 4.40 0.27 0.04 0.86 100.19
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Ore formation
Paragenetic type

Geological-
Industrial type

Ore-enclosing
structure

Morphology of
ore bodies

Major and minor
(in brackets) ore

minerals
Quality and technologic character of ores

Scale of the
deposit Deposit / Occurrence

Aluminum
Crusts of
weathering of
basite rocks

Lateritic
bauxites

Uplifted forms
of the ancient
relief

Stratiform and
lenticular
deposits

Gibbsite
(boehmite)

Al2O3 — 36.20–55.7 % (avera-
ge — 38.05 %), SiO2 — 8.55 %; Fe2O3 —
28.97 %; it is possible to produce ferrosilicium
and aluminum slags

Medium scale The Vysoke Pole deposit
(Dniepropetrovsk district), the
Smila deposit (Cherkasy district)

Nickel, cobalt
1. Copper-
nickel, related
to basite-
hyperbasite
complexes

Sulphide
copper-nickel

Laminated sill-
like intrusion
of gabbro-
dolerite

Stratiform
deposits within
endocontacts
of gabbro-
dolerite
intrusion

Pentlandite,
pyrrhotite,
chalcopyrite
(violarite,
mackinavite,
cubanite)

Ni — 0.58 %, Cu — 0.26 %,
Co — 0.022 %; Au — 0.5 g/t,
Pt — 1.5 g/t, Ag — 1.8 g/t. Ore is easily
enriched with production of collective
concentrate with
Ni — 5.7 %; Co — 0.19 %;
Cu — 3.1 %. Extraction of Ni and Cu from ore
is 85 %

Small The Prutiv occurrence (Zhitomyr
district)

2. Nickel-
bearing crusts
of weathering
of hyperbasites

Silicate-nickel
from crusts of
weathering

Protrusions of
crystalline
basement

Stratiform
deposits up to
10 m thick,
sized 40–50 
200–2000 m

Garnierite,
hydrochlorite,
ferruginous
ochres

Ni — 0.6–2.5 %, Co — 0.02 %, Fetot — up to 41
%. Metallurgic subdivision of silicate ores PNZ
is accomplished

From small to
medium ones

A group of deposits of the Middle
Bug region (Kirovograd, Mykolaiv
districts) and of the Middle Peri-
Dnieper (Dniepropetrovsk district)

Copper
Native copper
in basalts of
the trappe
formation

Native-copper Local
depressions of
the trap basin,
near fault
zones with
increased
jointing

Stratiform
deposits, stripy
bodies in the
neat-fault
zones of
jointing

Copper
(chalcocite,
bornite,
covellite,
cuprite)

Cu — 0.1–4.5 %, Au — up to
3.5 g/t Ag — up to 7 g/t. In copper
monofractions content in g/t: Au — up to 4,
Ag — 160–256. Ores are easily enriched with
production of concentrate with
80 % of Cu with 90 % extraction from ore

From small to
medium-sized

Occurrences: Zhyrychi (Volyn
district), Rafalivka (Rivne district)

Titanium
1. Phosphorus-
titanium
related to
gabbro-
anorthosite
formation
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Ore formation
Paragenetic type

Geological-
Industrial type

Ore-enclosing
structure

Morphology of
ore bodies

Major and minor
(in brackets) ore

minerals
Quality and technologic character- of ores Scale of the

deposit
Deposit / Occurrence

1.1. apatite-
ilmenite in
gabbro,
gabbro-norites
and peridotites

Continual and
disseminated
deposits of
apatite
ilmenite ores

Lopolite-like
intrusions,
stocks, sills

Stocks, lenses,
stratiform
bodies

Ilmenite,
apatite,
(titanomagne-
tite)

TiO2 — 7.1 %; P2O5 — 2.82 %; in ilmenite —
V2O5 — 0.2 %;
Sc — 0.08 %. Ores are enriched with
production of concentrates: ilmenite (TiO2 —
48 %, extraction 79 %) and apatite
(P2O5 — 39 %, extraction 70 %)

From unique
to medium-
sized

Stremygorodka (Zhitomyr district)

1.2. apatite-
ilmenite-
titanomagne-
tite

The same The same The same Ilmenite,
titanomagneti-
te, apatite

TiO2 — 6.8 %; P2O5 — 3.0 %; V2O5 — 0.04 %.
In concentrates: Ilmenite — TiO2 — 47.1 %
(extraction — 64 %), apatite — P2O5 — 39 %
(extraction — 80 %); in titanomagnetite —
TiO2 — 18 % (extraction 13 %); V2O5 — 0.9 %
(extraction — 97 %)

From large to
small

Fedorivka, Kropyvenka (Zhitomyr
district)

2. Crusts of
weathering
with ilmenite
from the apical
parts of
intrusive
massifs of
gabbro-
anorthosite
formation

Residual
Crusts of
weathering

Uplifted forms
(plateau type)
of the ancient
relief

Stratiform
deposits

Ilmenite,
apatite
(titanomagne-
tite)

TiO2 — 5–20 %; P2O5 — 4–6 %. In ilmenite
(97 %) concentrate — TiO2 — 49–50 % with
ilmenite extraction 80 %

From large to
small

Torchyn
(Zhitomyr district)

3. Aluvial-
eluvial placers
with ilmenite

Placers and
redeposited
and residual
crusts of
weathering

Valleys of
ancient rivers
and water
flows

Stratiform,
lenticular
deposits

Ilmenite
(zircon)

Ilmenite, kg/m3: in alluvium — 60–110; in the
crust of weathering — 60–90; TiO2 in ilmeni-
tes, %: alluvium — 53–58, crust of weathering
51–53. Sands are well dressed with production
of 96–99 % ilmenite concentrate with 82–85 %
extraction

Medium-sized,
small

Irsha, Zlobychi, Valky-Gatsky,
Mezhyrichchya, Trostyanets, et al.
(Zhitomyr district)

4. Coastal-
marine placers
with ilmenite,
zircon, rutile

Placers Enclosing
rocks of I rank
morphostruc-
tures (USh), in
combination
with positive

Stratiform,
lenticular
deposits

Ilmenite,
zircon, rutile
(disthen,
sillimanite,
staurolite,
turmaline)

Content in sands in kg/m3: ilmenite — 77;
rutile — 24; zircon — 9. In collective
concentrate, kg/m3: ilmenite — 35, rutile — 13,
zircon — 7.6, disthen and sillimanite — 10;
staurolite — 11; turmaline — 3

From large to
small

Malyshivka (Dniepropetrovsk
district),
Tarasivka
(Kyiv district)
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structures of
the II and III
ranks

Molybdenum
Molybdenum,
relared to
leucogranites

Stockwork-
greisen, greisen

Ultraacid
leucogranites
medium-
grained and
granite-
porphyrs

Banded and
lenticular
bodies of
disseminated
ores

Molybdenite
(fluorite,
galena,
chalcopyrite,
bismuthine)

Mo — 0.03–0.07 %. Ore is well enriched by
flotation with productoin of 48–50 %
concentrate (extraction of Mo from ore —
80 %)

Medium-sized Verba (Zhitomyr district)

Gold-
molybdenum

Stockworks,
veins

Banded,
veined-
stockwork
zones

Molybdenite,
gold (pyrite,
chalcopyrite)

Mo — 0.1 %, Au — up to 30 g/t The same East-Sergiiv (Dniepropetrovsk
district)

Tin
Cassiterite-
quartz, related
to ultraacid
leucogranites

Cassiterite-
greisen

Apical parts of
leucogranites,
granite-
porphyrs

Cassiterite,
(columbite-
tantalite,
zircon,
wolframite,
rare earths)

SnO2 — 0.07–0.3 %; WO3 up to 0.15 %;
Nb2O5 — 0.08 %;
Ta2O5 — 0.008 %; TR — up to 0.5–0.9 %.
Ore technology has been poorly studied

  "     " Western Quarry, Girnyk in
Sushchany-Perga zone (Zhitomyr
district)
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Р2О5, % TiO2, %Mаssif, deposit Rocks Quantity of
analysis from to average from to average

Alkaline-ultrabasic complex
Chernigivka Alkaline pyroxenites 16 Tr. 2.30 0.90 0.76 9.00 5.63

Ijolite-melteigites 13 " 3.63 1.50 0.05 0.55 0.22
Tveitasite-pyroxenites 3 3.02 11.79 6.92 0.26 0.35 0.27
Carbonatites 162 0.02 12.60 3.64 0.05 1.46 0.30
Phoscorites 7 0.90 28.56 15.74 0.06 0.89 0.29

Western Peri-Azovian
area belt of dikes

Metajacupirangites 12 0.29 4.30 1.07 0.79 6.60 4.33

Proskurivka Alkaline pyroxenites,
jacupirangites

7 0.06 5.62 1.89 1.09 2.57 1.98

Melteigites, ijolites 25 0.08 4.30 1.11 0.47 1.51 0.98
Antonivka Alkaline pyroxenites,

jacupirangites
15 0.10 2.60 0.59 1.04 2.95 1.93

Ijolite-melteigites 9 0.53 1.42 0.85 0.54 2.28 1.56
Gabbro-syenitic complex

Oktyabrsky Gabbro 8 0.05 0.24 0.12 2.86 7.02 5.32
Pyroxenites 7 0.03 0.18 0.07 2.22 5.70 3.59

Mala Tersa Gabbro 8 0.02 0.10 0.07 1.21 4.56 2.71
Pokrovo-Kyriyievo Gabbro 6 — — 0.22 — — 4.61

Ore pyroxenites 26 0.20 0.90 0.24 — — 9.10
Malignites 82 — — 0.24 — — 2.55

Davydky Troctolites enriched in
ilmenite

5 0.46 1.20 0.76 8.00 10.60 9.36

Gabbro enriched in apatite 7 2.45 3.96 3.49 4.02 7.70 5.97
Stremygorod Ore troctolites 64 4.10 7.30 5.00 6.80 13.60 8.83
South Kalchyk Ore gabbroids 8 2.15 3.10 2.66 3.83 8.05 5.46
Goloskovo* Gabbroids 8 3.72 11.40 4.94 1.18 2.65 1.77
* Belonging to any concrete complex of Goloskovo occurrence is finally not elucidated. Cited data in Table are obtained by author’s study. The data of Pokrovo-Kyriyievo massif
and Stremygorod deposit are also taken from publications of other researchers [2, 16].
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Massif, deposit Rocks Cr Ni Nb Zr Ce Y TR Ba Sr Rb
Alkaline-ultrabasic complex

Chernigivka Alkaline pyroxenites 370 90 205 460 213 41 400 305 1116 46
Melteigites 226 20 820 173 1500 27 3000 470 8477 93
Nepheline syenites — — 362 1811 100 10 200 960 1690 142
Alkaline syenites — — 60 80 324 10 600 1590 2300 151
Carbonatites* 25 9 50–1300 10–150 1500 40 3200 500 10000 45

Western Peri-Azovian
area, belt of dikes

Metajacupirangites 740 100 151 656 190 46 400 203 381 25

Proskurivka Alkaline pyroxenites 150 < 30 8 130 180 28 300 250 1230 21
Melteigites, ijolites 18 20 10 74 130 19 250 256 940 34
Nepheline syenites < 10 6 14 41 65 10 — 1203 2053 84

Antonivka Alkaline pyroxenites 78 20 23 122 142 51 — 251 810 17
Nepheline syenites < 10 9 12 68 90 30 — 1292 2140 105

Gorodnytsya Olivine jacupirangites 1023 374 7 46 50 20 — 85 507 22
Gabbro-syenitic complex

Oktyabrsky Gabbros 108 80 28 80 100 18 — 273 924 5
Taramite foyaites — — 196 316 183 40 340 126 90 136
Dike aegirine
microfoyaites

— — 598 2222 426 202 1206 29 99 388

Mariupolites 1334 3793 273 162 810 19 48 120
Mala Tersa Gabbros 50 65 2 30 20 5 — 306 968 14

Syenites — — 100 285 85 20 — 413 145 135
Foyaites — — 86 258 50 10 — 1360 930 254

Davydky Gabbros <100 40 27 335 90 49 — 970 436 73
Syenites — — 57 820 165 150 — 1097 183 128

Stremygorod Ore troctolites
(peridotites)

120 30 8 142 95 79 — 323 316 6

South Kalchyk Ore gabbros 10 11 18 98 81 46 — 1100 265 9
Syenites — — 83 1055 249 50 450 989 207 114

Azov deposit Taxitic syenites — — 224 2170 2200 380 5276 140 24 —
Ore syenites — — to 800 to 18104 to 4104 to 1.4104 to 105 — — —

Velyka Vyska Syenites — — 134 2336 227 104 — 304 54 133
Yastrubetsky Endocontact syenites — — 115 2282 334 334 950 519 <40 456

Syenites of central part
of massif

— — 238 1791 479 344 1360 54 <15 441

Ore syenites — — — tо 4104 tо 103 — tо 2.5103 — — —
Pokrovo-Kyriyievo Malignites 90 25 329 1512 364 90 960 2362 3194 199

Pyroxenites 340 250 49 170 — — 310 200 330 18
       * Carbonatites of different mineral composition (intrusive phases) are characterized by rather non-uniform distribution of rare elements, especially Nb and Zr, because we cited in
Table average data obtained by author and other researchers [5, 13, 14]. Data of Azov deposit are cited after [10, 15], and ones of malignites from Pokrovo-Kyriyievo massif are partly
taken from [2].
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Epoch Stage Country rocks Ore-bearing rocks Structural control Ore minerals Passing ore form.

Middle Proterozoic
(2.1–1.8)

Kirovograd
(1.83–1.78)

Pervomaysk
(2.0 ± 0.05)

Granitoides of Kirovograd
complex (2.06–1.97)

Iron-siliceous rocks of the
Kryvyi Rig series

(2.3–2.1)

Bt, gr-bt, co, co-bt gneiss of
the Dniester-Bug series

Albitites
(1.83–1.78)

Albitite, egyrinite
(1.795–1.780)

Pegmatites, high temperature
K-metasomatites (2.0 ± 0.05)

Tectono-metasomatic (after-
granitization) faulting zones

Kryvyi Rig-Kremenchuk zone

Tectonic faulting zones

Ur, br, cf, ns, uch

Ur, br, cf, ns, mk, ap,
sl

Ur, uch

Iron-ore

Iron-ore

Early Proterozoic
(2.6–2.1)

Kryvyi Rig
(2.3–2.1)

Metamorphosed sedimentary
rocks of the Skelevat suite

Conglomerates
(2.3)

Kryvyi Rig-Kremenchuk zone Ur Iron-ore, aurife-rous

Name and type of the block
Lithosphere

thickness, km
Fixed isotopic data of the

basement, Ma
Depth up to the

discontinuity M, km
Heat-flow
intensity

Ring structures
("nuclears")

Presence of granite-greenstone or granulite-
gneiss areas

Volyn (Proton) 150–200 2400–1760 35–60 30–50 Manifested Absent
Podillya (Archon remobilized
during Proterozoic)

200 2800–2000 40–55 39–40 Clearly manifested "

Bug-Ros (Archon remobilized
during Proterozoic)

200 3393–2140 35–65 30–40      "               " Granite-greenstone relicts, typical
granulite-gneiss complexes

Kirovograd (Proton) 250 1900–1700 35–45 30–40 Absent Absent
Peri-Dnieper (Archon) 200 3171–2980 32–60 40–50 Clearly manifested Typical granite-green-stone formations
Peri-Azovian (Archon remobilized
during Proterozoic)

150 3650–2650 37–45 40–50 Manifested      "          "
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Supercrustal and infracrustal (anatectic and intrusive-magmatic) rock complexes
Dated processes

Genetic type of zircons and monozites
U-Pb reference isotope ages, Ma

Intrusive magmatismVolcanism and sedimentation Anatexis and
metamorphism Syn-tectonic Post-tectonicSupercrustal rock units

(series, suite, strata)
Anatectic granite complexes,

and syntectonic intrusive
complexes

Post-tectonic intrusive
complexes Clastogenic*

Volcano-
genic

Metamorpho-
genic and
anatectic

Magmatogenic

Alkaline rocks of the
Oktyabrsky alkaline complex

Syenites and gabbro-syenites
of the Southern Kalchik
complex
Subalkaline leicogranites of
the Kamyana Mogyla
complex

1790

1800

1810

Ultramafic and mafic
metavolcanic rocks (the
Mangush structure)

Syntectonic diorites of the
Obitochna complex
Anatectic granitoids of the
Anadol’ complex

Charnockites of the
Khlebodarivka
complex
Granites of the Salticha
complex

Carbonatites of the
Chernigivka complex

2150

2060

2050

2080

2090

2100

Syntectonic plagiogranites
and granodiorites of the
Shevchenko complex

Granitoids of the Dyke
complex, which intrude the
metamorphic rocks of the
Osypenko strata
Syenites of the
Starobogdanivka complex 2830–2800

2660

2820
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Metaandesites of the
Novogorivka strata
Metasandstones of the
Osypenko strata

Quartz diorites of the
Dobropillya complex

3360–3320

3100

3320

Ultramafic and mafic
metavolcanic rocks (mafic
granulites) of the
Novopavlivka strata

Syntectonic enderbites and
thonalites of the
Novopavlivka complex

3670

3400

* Here and in Tables 3, 5. The minimum ages on clastogene zircon are printed in bold type. That is the zircon ages, which determine the "lower" age limit (the maximum age) of
sedimentary strata.

Supercrustal and infracrustal (anatectic and intrusive-magmatic) rock complexes
Dated processes

Genetic type of zircons and monozites
U-Pb reference isotope ages, Ma

Intrusive magmatismVolcanism and
sedimentation Anatexis and metamorphism

Syn-tectonic Post-tectonicSupercrustal rock
units (series, suite,

strata)

Anatectic granite complexes, and
syntectonic intrusive complexes

Post-tectonic
intrusive
complexes

Volcanogenic Metamorphogenic and anatectic Magmatogenic

Granulites and mafic
granulites of the
Bereznino strata

Granites and migmatites of the Bug
complex
Leicogranites of the Khmelnik complex

Granites and charnockitoids of the
Berdychiv complex

2040

2050–2010

1980–1910

2060–2020

Granulites of the Bug
series

Aplite-pegmatoid granites of the Savran’
complex

2580 2320–2350 2380

Granulites (enderbite-
gneisses) of the Tivriv
strata

Enderbites of the
Gaivoron complex

3650

3120

3400

2830
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Supercrustal and infracrustal (anatectic and intrusive-magmatic) rock complexes
Dated processes

Genetic type of zircons and monozites
U-Pb reference isotope ages, Ma

Intrusive magmatismVolcanism and sedimentation Anatexis and
metamorphism Syn-tectonic Post-tectonicSupercrustal rock

units (series, suite,
strata)

Anatectic granite
complexes, and

syntectonic intrusive
complexes

Post-tectonic intrusive complexes

Clastogenic* Volcanogenic Metamorphogenic and
anatectic

Magmatogenic

Metaarkoses of the
Skelevatka suite

3080–3060

Metarhyolites of the
Bilozerka series

Metavolcanic rocks of
the Solenivka suite
Metavolcanic rocks of
the Chortomlyk suite

Plagiogranites of the
Sura complex

Granites of the Mokra Moskovka
complex
Granites of the Tokiv complex

Granites of the Saksagan’ complex

3010–2950

3070–3100
3140

3170–3060

2800

2850

2950
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Supercrustal and infracrustal (anatectic and intrusive-magmatic) rock complexes
Dated processes

Genetic type of zircons and monozites
U-Pb reference isotope ages, Ma

Volcanism Anatexis and
metamorphism

Intrusive synorogenic
magmatismSupercrustal rock

units (series, suite,
strata)

Anatectic granite complexes, and syntectonic intrusive
complexes

Post-tectonic intrusive
complexes Volcanogenic Metamorphogenic

and anatectic
Magmatogenic

Amphibolites of the
Ros-Tikich series

Granites of the Uman’ complex

Plagiogranites, granodiorites and plagiomigmatites of the
Zvenygorod complex

Migmatites of the Tetyiv complex

Granitoids of the
Fastiv complex

2700–2580

2050–1990

2620–2570

2080

2140–2030

Granitoids of the
Zhitomyr complex:
1) ovoid (the
Korostyshiv type);
2) fine-graned non-
ovoid (the Zhitomyr
type);
3) two-mica rare-
metal (the
Bistryivka type);
4) plagiogranites
and
plagiomigmatites

2080

2040

2060

2080

Novograd-Volynsky
strata
(metarhyodacites)

2430
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Supercrustal and infracrustal (anatectic and intrusive-magmatic) rock complexes
Dated processes

Genetic type of zircons and monozites
U-Pb reference isotope ages, Ma

Intrusive magmatismVolcanism and sedimentation Anatexis and
metamorphism Syn-tectonic Post-tectonicSupercrustal rock

units (series, suite,
strata)

Anatectic granite
complexes, and

syntectonic
intrusive complexes

Post-tectonic intrusive complexes

Clastogenic* Volcanogenic Metamorphogenic
and anatectic

Magmatogenic

Tolkachy suite of the
Ovruch series
(sandstones)

1810–1740

Zbranky suite of the
Ovruch series
(rhyolites)

Rudnya-Ososhnya
suite of the Ovruch
series (rhyolites)

Granite-porphyry of the Korosten’
complex
Subalkaline non-ovoid leicogranites of
the Korosten’ complex (the Lezniky
massif)
Subalkaline and alkaline granites of
the
Perga complex
Intrusive mafic rocks of the latter
phase (gabbro-norites and gabbro-
anorthosites)
Rapakivi granites
Intrusive mafic rocks of the early
phase (the anorthosites)

1745

1770

1740

1750

1760

1760

1770

1800–1785

Topilnya series
(sandstones)
Pugachivka strata
(sandstones)

Metarhyolites and
metadacites of the
Klesiv series

Granitoids of the
Osnytsya complex

Granites of the Kishin-Zhubrovichy
massif

Monzonitoids of the Buky complex
Gabbro-dolerites of the Prutivka
complex
Granodiorites of the Shepetivka massif

2140–2085

2280–2110

2020–1970 1990

1950

1985–1990

1990

2000
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Volcano-plutonic associations Volcanogenic, sedimentary-volcanogenic formations Plutonic formations
Rhyodacite-plagiogranite Rhyodacite Tonalite-plagiogranite

Lower metakomatiite-pyroxene Lower metakomatiite Metagabbro-pyroxenite

Upper metadacite-andesite-toleiite-diorite Upper metadacite-andesite-toleiite Late metagabbro-diabase-diorite

Upper metakomatiite-dunite-harzburgite Upper ultrabasite-parageneration (KT-4) Second phase of metadunite-harzburgite

Upper metatoleiite -gabbro-diabase Lava-pyroclastic metaandesite-basalt
parageneration (KT-3)

Second phase of metagabbro-diabase

Lower metakomatiite-dunite-harzburgite Lower ultrabasite parageneration (KT-2) First phase of metadunite-harzburgite

Lower metakomatiite-gabbro-diabase

Metakomatiite-toleiite

Lower basite parageneration (KT-1) First phase of metagabbro-diabase

Lower metadacite-andesite-toleiite -diorite Lower metadacite-andesite-toleiite Early metagabbro-diabase-diorite
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Regional varieties of structure-formation complexes
Teteriv Ingul-Ingulets Kryvyi Rig-Bilozersk Gulyaipole-Osypenko

Formations

Stratified Plutonic Stratified Plutonic-
metamorphic

Plutonic Stratified Plutonic Stratified Plutonic

Granite
Subalkaline
granites

Alaskite-
leucogranite

Alaskite-
leucogranite

Granite Granite Two-mica-
granite

Two-mica-granite Granite Granite
Subalkaline granite Tonalite-

plagiogranite
Granite Granite

Metagabbro-
diabase

Monzonite Aplite-
pegmatoid

Metadunite-
harzburgite and
metagabbro-
pyroxenite

Metaconglomerate Metaconglo-merate

Metacarbonate-
psammite

Oligomict
metasandstone

Carbo-aleuro-
psammite
(black shist)

Carbo-siliceous
(in Gulyaipole
structure)

Metaalimestone
terrigenous

Metapsammito-
carbonate

Jespillite-siliceous-
schistose

Siliceous-ferrugineous
(in Gulyaipole
structure)

Metaaleuro-
psammite

Metavolcano-
genic-silica-
schistose

Gneiss
leucogranite

Upper
metakomatiite

Mica-schistose
(in Gulyaipole
structure)

Metatrachy-
andesite

Leptite gneisses Leucogneiss
granite

Metaconglomerate
sandstone-schistose

Metaconglomerate-
sandstone-siliceous-
schistose (in Sorokyne
structure)



ñòð. 132

Regional distinctions of complexes
Osnytsya Korosten'’ Korsun’-Novomyrgorod East Peri-Azovian

Stratified formations Plutonic formations
Granite Alkali-sienite
Alkali-sienite-granosienite Alkali-sienite-granosienite Subalkali granite
Rapakivi-granite Rapakivi-granite Granite-granosienite

GraniteLeptite (basalt-andesite-
liparite) Diorite-granodiorite

Gabbro-anorthosite Gabbro-anorthosite Alkali-ultrabasic




