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S. V. Nechaev, D. S. Gursky, A. Kh. Bakarzhiev, A. S. Voinovsky,
L. V. Isakov, O. F. Makivchuk

Deposits of Uranium, Rare and
Rare-Earth Metals in the Ukrainian Shield

The paper is concerned with geological and commercial types of uranium ores, rare and rare-earth elements as well as
with perspectives increasing the mineral-raw base of these ores within the Ukrainian Shield. The complex nature of
deposits and their structure-space relationship to gold-ore objects are marked.

Ukraine has the developed mining industry which is provided with significant reserves and
probable resources of uranium ores, rare metals (RM) and rare-carth elements (REE). A
greater part of their deposits and promising ore occurrences associated with the Proterozoic
mobile belts are located within four metallogenic regions of the Ukrainian Shield (USh) —
Podillya, Volyn, Kirovograd and Peri-Azovian (Fig. 1).

The Podillya (south-west) region is characterized by the Archean granulite-gneiss pet-
rocomplexes which have been regenerated in the Paleoproterozoic epoch and also by the
Zr-Th-TR(Ce) geochemical profile of ore mineralization with monazite playing the leading
role. The age of the latter of 3.32, 2.52, 2.29 and about 2 Ga indicates the inheritance of this
profile from the Paleoarchean epoch [43]. The localization of the Paleoproterozoic mine-
ralization in linear destructive zones of the Archean and the formation of ore occurrences
and small deposits, the content of monazite reaching tens of kg/t, are distinctly displayed
against a regional specialization of the area. The regional concentration of monazite in the
rheomorphic Paleoproterozoic granitoids produces rather high output of its concentrate
during enrichment of kaolins which formed due to chemical weathering of granitoids. At the
same time the commercial deposits of REE are unknown in the Podillya region.

The Volyn (north-west) and the Kirovograd (central) regions are links of the Protero-
zoic mobile belt/orogen which demarcates the Podillya and Dnieper Archean cratons. The
gabbroanorthosite and rapakivi-granite plutons formed at the final stage of orogen are timed
to the axial region of the belt. Both regions are characterized by multistage commercial
mineralization of RM and REE and moreover, all endogenic uranium deposits of the USh
are practically concentrated within the Kirovograd region.

The Peri-Azovian region tectonically separated from the west from the Dnieper craton
contains the East-Azovian pluton being synchronous to the above mentioned one and is
characterized by a wide development of the Proterozoic RM and REE of the commercial
mineralization.

Basing on actual productivity of metallogenic regions of the USh we consider below the
deposits concentrated within the three latter. These regions are united by the intensive
development of granitoid and alkali magmatism, of the hydrothermal-metasomatic proces-
ses and endogenic ore-formation. At the same time the exogenic processes determine the
ore concentrations both in the weathering crust of endogenic deposits and in the sedimen-
tary cover [52]. Among the ore objects there are unique and large explored deposits and also
highly prospective ore occurrences differing in the composition of substances. At the same
time they are in most cases either spatially brought closer to each other or combined into the
unique ore fields including the gold-bearing ones.

Deposits of uranium ores. According to the data of the World Energy Council 21
deposits of uranium ores are revealed in Ukraine. Ukraine is one of ten countries of the
world which extract uranium to the greatest extent [2]. Commercial lodes of uranium ores
are represented by endogenic deposits in Na-metasomatites, albitites of the Precambrian
and by exogenic epigenetic deposits in sediments of the platform cover.

© S. V. Nechaev, D. S. Gursky, A. Kh. Bakarzhiev, A. S. Voinovsky, L. V. Isakov, O. F. Makivchuk, 2002
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Fig. 1. Location of deposits and ore occurrences within the USh. Deposits and ore occurrences: 1, 2 — uranium
endogenic: a — Severynivka, b — Michurine, ¢ — Vatutine, d — Zhovta Richka, e — Pervomaysk, f — Kremenchuk,
g — Mikolo-Kozelsk, # — Kalynivka and Lozuvate, i — Pivdenne, j — Mykhaylivske, kK — Chervonyi Shakhtar, / —
Pivnichne-Berezna, etc.; 3 — wuranium exogenic: m — Sadove, n — Bratske, o0 — Novogurivka, p — Devladove, ¢ —
Safonivka; 4 — Novopoltavsk deposit of Ta-Nb-TR-P ores in carbonatites; 5 — Proskuriv occurrence of carbonatites;
6 — deposits and occurrences of TRR-Zr-F ores in alkaline-earth syenites: r — Azovian, s — Yastrubetsky, ¢t — Velyka
Vyska; 7 — deposits and occurrences of Ta-Nb-Zr ores in nephelinic syenites: u — Mazurivka, v — Mala-Tersyanka; 8 —
Perga deposit of Be ores in alkali metasomatites; 9 — deposits of Li ores in pegmatites. w — Kruta Balka, x — Shevchen-
kove, y — Polokhivka, z — Stankuvate and Nadiya; 10 — pegmatitic fields with features of RM mineralization; 11 —
Petrovo-Gnutove and Anadol, etc. deposits and ore occurrences of REE; 12 — deposits and ore occurrences of gold;
13 — Malyshivka Zr-Ti placer deposit; 14 — thortveitite mineralization; 15 — plutons: A — Korosten, B — Korsun-
Novomyrgorod, C — East-Azovian; 16 — Novoukrainka granitic massif; metallogenic regions: I — Volyn, II — Podil-
lya, I1I — Kirovograd, IV — Peri-Azovian. Archean cratons: ARP — Podillya, ARD — Dnieper; transregional fractures:
I — Sushchany, 2 — Teteriv, 3 — Odesa-Talnove, 4 — Kryvyi Rig-Kremenchuk, Orikhovo-Pavlograd, 6 — Khmilnyk

The endogenic uranium deposits are concentrated in two ore regions — Kryvyi Rig and
Kirovograd [1, 2, 5, 6] where deposits in albitites are basic objects of uranium extraction by
the underground method.

In the Kryvyi Rig region within the Paleoproterozoic iron-ore thickness there are Zhovta
Richka and Pervomaysk, noncommercial the Gannivka and Kremenchuk deposits and also
the Mikolo-Kozelsk deposit in sandstones and conglomerates of the Skelyuvatian suite of
the Kryvyi Rig series. The first two deposits are completely used but they are "regenerated”
as rare-metal ones and will be considered in the relevant section.

In the Kirovograd region there are Michurine, Vatutine, Severynivka and other depo-
sits in albitites. The first two deposits are used by the East Mine-Concentrating Plant. The
Severynivka deposit is in the reserve, while others are being evaluated and prepared for a
detailed prospecting. Besides, small uranium deposits related to K-metasomatites (the Ka-
lynivka, Lozuvate, Pivdenne) are known in the region. The uranium-mining complex of the
Kirovograd region embraces two mines — Ingul and Smolyne, located in the city of Kirovo-
grad and in the settlement of Smolyne at the distance of 80 km one from another. The
processing of the produced uranium ore is realized by the hydrometallurgical plant in the
city of Zhovti Vody of the Dniepropetrovsk region. The protoxide-oxide of uranium is the
end market product.

The Korsun-Novomyrgorod anticlinorium determines the geological structure of the
Kirovograd region, the axial region of which is represented by two intrusive complexes. The
southern part of anticlinorium is formed by the Novoukrainka massif of K-granites aged
about 2 Ga, the northern part — by the Korsun-Novomyrgorod pluton of gabbroanorthosites
and rapakivi-granites aged 1.8 and 1.77—1.7 Ga, respectively. The anticlinorium wings are
formed by the Paleoproterozoic gneisses and migmatites with rather small bodies of granites.
According to the data of seismic investigations the 20 km depth of anatectic granitoid

6 ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 4
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Fig. 2. The Vatutine uranium deposit (horizon plan — 100 m and section along the profile A-B): I — gneisses, granites,
migmatites; 2 — albitites; 3 — uranium ores; 4 — cataclasites, breccias

development, being the deepest in the USh, corresponds to the deep-seated structure of the
Kirovograd region. The formation of commercial ores of the Kirovograd region is associated
with the processes of Na-metasomatism which is superimposed on the granitoid-metamor-
phic substrate in the fracture zones late in the orogenic stage of the USh formation. The
uranium ore-formation (1.8—1.7 Ga) follows the regional granitization with a large interval
in time (about 2 Ga).

Host rocks on the uranium deposits are mainly represented by biotite gneisses, migma-
tites and granite-gneisses, which are metamorphosed under conditions of amphibolite fa-
cies, crushed into the system of steep and relatively simple folds of submeridional strike,
unevenly granitized and complicated by concordant bodies of granites and pegmatites.

On the whole, the location of the Michurina, Severynivka and other deposits of the
eastern part of the Kirovograd region is controlled by the fracture zone of the same name,
whereas the Vatutine deposits — by the Zvenygorodka-Gannivka fracture zone. The struc-
tural position of deposits in the regional fracture zones is determined by the sites complica-
ted by local fractures with the system of feathering disturbances, their bends both along the
strike and dip. The fracture zones possess a complex internal structure and are formed by
structural elements of two groups of different age. The former, produced during the forma-
tion of the Proterozoic crystalline basement, is represented by successive small bodies of
granites, by crumples and boudinage zones, belts of pegmatite veins as well as by strips of
blastomylonites under conditions of almandin-amphibolite facies of metamorphism and
plastic deformations. The latter, the later of the two, formed under conditions of relatively
superficial fragile deformations is represented by mylonitic and cataclastic zones which,
undoubtedly, inherit the old blastomylonitic strips and are accompanied by wide zones of
green-shale, chlorite-epidote succession of rocks and also by later cataclasites superimposed
on them where there are bodies of uranium-bearing albitites.

The albitite bodies range in size from the first hundred metres up to 2 km in length and
tens and hundred metres in width. The penetration depth of albitites is commensurable with
their strike. They formed at the expense of granites, migmatites, gneisses with the preserva-
tion of the texture-structural peculiarities of hosting rocks. At the same time albitites and ore
deposits are mainly localized among granitoids. The ore deposits gravitate towards internal
zones of albitites and occupy the position appropriate to them forming the tabular bodies,
lenses and columnar stockworks having the depth from tens to the first hundred metres (Fig.
2). Among albitites the chlorite-epidotic, riebeckite-aegirinic, aegirinic, flogopitic and car-
bonate-hematite-chlorotic mineral types are distinguished.

Uranium mineralization is superimposed on cataclastic albitites forming thin impreg-

ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 4 7



NECHAEV S. V. et al.

nations and microveins with late albite, rhodusite, phlogopite, chlorite, carbonate and he-
matite. It fulfils the system of intergranular disturbances and forms cement of cataclastic
albitites. Uranium minerals in ores are represented by the primary (uraninite, pitch-blende,
brannerite, coffinite) and secondary (uranium hydroxide, uranophane, boltwoodite, p-ura-
nyl) formations. No zonality in distribution of uranium minerals on deposits is observed.
The primary and secondary minerals are distributed at the same deep levels — to 1000 and
more metres.

The explored and previously estimated uranium reserves of the Kirovograd region amount
to over 100 thou t and probable reserves — at the level of about 200 thou t [2].

The age range of endogenic uranium mineralization within the USh is rather high.
Though the age of the main commercial mineralization of the albitite type is determined by
the range of 1.8—1.7 Ga, the ore-formation has been manifested rather conspicuously in the
Paleo- and Neoproterozoic as well as in the Phanerozoic epochs but it is of no independent
commercial significance [5, 6].

Sedimentary-diagenetic mineralization in conglomerates and in quartzitic sandstones
of the Skelyuvatian suite of Kryvbas is actually the most ancient (2.45—2.30 Ga). Hydro-
thermal mineralization of the Chervonyi Shakhtar, Mykhaylivka, Pivnichne-Berezna and
similar ore occurrences, located at large distances from each other, proved to be the next
(2.1-2 Ga). More structurally concentrated is a group of small deposits (the Pivdenne,
Lozuvatka, Kalynivka) which are assigned to the U-K (+ Mo, Th, TR) type dated 1.96 Ga
by isochrone [6]. Before the strike of the above mentioned deposits this type of metasoma-
tites (ore occurrence Balka Korabelna) was determined as a new genetic type of uranium-
REE mineralization which formed by two stages of K-metasomatosis — 2.01 and 1.815 Ga
[36]. Later on this REE ore occurrence was estimated by "Kirovgeologiya" as a small deposit
of TR-Y ores.

The exogenic-epigenetic uranium deposits in the sedimentary cover of the USh are
located within the Dnieper brown-coal basin (Dnieprobas). These deposits are suitable for
the uranium extraction by the most advanced method of underground leaching (UL). Since
1955, the period when the Devladove, the first deposit of this type was found, about ten
deposits and certain uranium lodes similar to the Devladove were developed, explored and
estimated in the Central and Eastern Dnieprobas [2]. Since 1965 till 1983 the UL method
was widely used and optimized on the Devladove and then on the Bratske deposits. For this
period a high economic efficiency of the above method and its ecological advantages (of
great importance for the conditions of Ukraine) over the conventional mining procedure for
uranium extraction have been determined. The cost of uranium under extraction on deposits
developed by UL is essentially lower than that on endogenic deposits in albitites.

The exogenic-epigenetic deposits (the "sandstone" type) are distributed in the central
and eastern part of the USh, along the middle flow of the Dnieper and are located in the
erosional and tectonic paleovalleys formed by the Paleogenic coal sediments and are con-
trolled either by the ground or by ground-seam zones of oxidation. Uranium mineralization
is localized in alluvial sediments which compose the lower part of the coal suite section.
Mineralized coal sands preponderate here, while coal clays and brown coal are met rarely.
The depth of ores varies from the first ten metres to 70—80 m. The ore lodes in the plan are
of a manto- or ribbon-like shape and they are elongated either along the paleobed or
paleovalley side. The width of ore lodes varies from 50—80 m up to several hundred metres,
the length reaches 2—4 km, the thickness of lodes is 3—10 m. The ore lodes in section
consist of numerous ore bodies, which deposit in horizon position and are connected be-
tween themselves (Fig. 3). The uranium content in ores is low — the first hundredth parts of
percentage, the major part of uranium is in the coal and clay substance. Uranium black,
uranium-containing leucoxene and iron hydroxide are present in small quantities. By their
size the deposits of the "sandstone” type are assigned to small and medium ones with urani-
um reserves in each of deposits as a rule of 1—3 thou t. Apart from uranium — the major ore
component, such elements as Tl, Se, Mo, Re, V, Y, Sc and others are accumulated in high
quantities on the geochemical barrier formed by coal sediments [6]. The mineral content of
exogenic ores in the sedimentary cover is established to originate from the endogenic ores in
the crystalline basement, that should be considered as an important indicator of endogenic
mineralization.

The explored uranium reserves in deposits of this type are estimated at the level of
about 70 thou t from which a part is extracted by the UL method at the completely exhaus-
ted the Devladove and Bratske deposits. In addition, prospecting works of different details
are performed at 4 deposits (the Safonivka, Novogurivka, Sura and Sadove). By these depo-
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Fig. 3. The Bratske uranium deposit, section: / — coaly sands, 2 — clays, 3 — coaly clays, 4 — brown coal, 5 —
secondary kaolins, 6 — primary kaolins, 7 — ore bodies
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Fig. 4. The Zhovta Richka deposit of complex U-RM-REE ores (plan and section). Zones of proper U ores: 1 — in
albitites, 2 — in alkali-amphibole-aegirinic metasomatites, 3 — in ferrocarbonate metasomatites; 4 — zones of complex
ores of U and Sc in carbonate-alkali-amphibole-acmite and actinolite-tremolite-talc-carbonate metasomatites; 5 —
boundary of rocks of the middle (K,) nand upper (Kj) suites of the Kryvyi Rig series; 6 — fracture disturbance; 7 —
section lines in the plan

sits the explored uranium reserves make up about 8 thou t [2]. The predicted researches in
the Central and Eastern Dnieprobas made it possible to determine 12 paleovalleys which are
perspective for revealing new deposits and certain uranium lodes. In each of these paleoval-
leys 1—3 deposits of uranium may be developed. Besides, it is suppose to reveal 5—7 new
deposits of uranium in the north-western and western parts of Dnieprobas.
Uranium-rare-metal strata of the "sandstone" type are proved to form under definite
geological conditions. In connection with the fact that in Ukraine no attention has been
paid to the complex nature of uranium ores of such a type this problem remains unsolved.
Although the mineral-raw base of uranium for nuclear power satisfies the requirements
of industry, the structure of the raw base calls for the improvement at the expense of
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Fig. 5. The Azovian deposit of TR-Zr-F ores (plan and sec-
tion): 1 — biotitic quartz syenites; 2 — taxitic syenites, differen-
tiated, stratified; 3 — ore horizons with zircon and rare-earth
minerals; 4 — "maculose” syenites, low-differentiated; 5 — host
fayalite-gedenbergitic syenites of the South-Kalchyk massif

revealing ores with better quality of uranium and
preparing them for exploitation. The geological
forecasting evidences that there are prerequisites
to detect such types of deposits with rich urani-
um ores such as hydrothermal vein deposits and
those of the "discordant” type. The vein uranium
mineralization is widely developed within the
USh. The prospective Chervonyi Shakhtar and
Pivnichne-Berezna occurrences with the urani-
um content in ores from 0.2—0.7 to 4—6 % are
known among tens of ore manifestations. A de-
tailed estimation of the most promising ore oc-
currences with their transfer to the category of
deposits with the subsequent mineral and bore-
hole survey is foreseen within the potential ore
structures. As a result it will be possible to obtain
an essential increment of uranium reserves of
commercial high-profitable categories.

It has been known from foreign experience
that manifestation of polycyclic geological pro-
/ @J xxx cesses which provide regeneration of the ore-for-

s ~ 12 X x |4 J mation promotes the formation of rich uranium
ores. In this case the USh could not be an excep-

>

tion.

Ore deposits of rare and rare-earth metals. Almost all deposits of RM and REE in the
USh are complex and are considered by the principle of main useful components peculiar to
them, according to the typization of the leading endogenic deposits of Ukraine [51].

Scandium-vanadium ore are revealed in the used Zhovta Richka and Pervomaysk ura-
nium deposits of the Kryvyi Rig region where they are associated with riebeckite-aegirinic
metasomatites [49]. A detailed prospecting of these ores is performed on the Zhovta Richka
deposits and it is established that they are localized in sodium-carbonate metasomatites
developed at the expense of diopside quartzites, actinolite shales and dolomites of the Gda-
nian suite of the Kryvyi Rig series (Fig. 4). The total thickness of metasomatic zones is tens
of metres and the length — more than 1000 m. Two types of ores U-TR-P (malacon-
apatite) and Sc-V are distinguished in these zones which compose both unique and inde-
pendent ore bodies. The former by the content of Sc and V is poorer by 30—40 % than the
latter but is rich in U, Th, P, TR of the yttrium and cerium groups. The dominant part of Sc
and V is concentrated in vanadium aegirine-acmite (70.4 and 80.5 %, respectively), the
lesser one — in alkali amphiboles (20.8—14.1 %) and the greatest part of Y and U (77.5 and
88.1 %, respectively) is concentrated in apatite, while the rest one — in malacon [49].
Aegerine-acmite contains 0.08—0.1 Sc and 2—9 % V [6]. The technological chart of profi-
table processing of ores is developed, which permits Sc, V, U, TR and P, Zr, Hf to be
extracted from them [49, 50].

The Zhovta Richka deposit is also unique in having pollucite pegmatites which are
unknown within the USh [15]. These pegmatites are stricken by numerous underground
workings in vertical range over 1000 m and are mainly timed to metasomatic diopside
quartzites of the Gdanian suite especially in the contact with dolomite horizons. Their
mineral composition is total for rare-metal pegmatite of the complex Li-Cs type and in-
cludes quartz, microcline, albite, muscovite, spodumene, pollucite, rubellite, apatite, mi-
crolite, columbite and arsenopyrite. The pegmatite age (2.1—2 Ga) coincides with the
period of rock metamorphosis of the Kryvyi Rig series [6]. The whole volume filled with the
albite aggregate is practically in pegmatite bodies being near the contact with albitized rocks.
Only albite pseudomorphoses by spodumene remain in them, that is confirmed by the
formation of pegmatites before sodium metasomatites dated by 1.8 Ga [6].

Perspectives of these pegmatites and possible productive consequences of polycyclic
mineralization are not investigated. At the same time the analysis of the latter in the Kiro-
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Fig. 6. The Yastrubetsky deposit of TR-Zr-F ores (plan and section):
1 — syenites of the upper stratified group; 2 — riebeckitic syenites of the
central nucleus; 3 — aegirinic syenites of the central nucleus; 4 — sye-
nites of the main stratified series; 5 — zircon-rich ore horizons; 6 —
endocontacting syenites; 7 — host granites

vograd uranium-ore and Shpola-Tashlyk rare-metal re-
gions [43] permits the prospection of proper scandium
mineralization of the type different than in the Kryvyi
Rig region to be substantiated. Here, the so-called high
temperature albitites formed near the southern exocon-
tact of the Korsun-Novomyrgorod pluton are con-
sidered [6]. In essence these are albitized garnet-diop-
side skarns [43], whose andradite has about 1 % of V
and which contain thortveitite (first in the USh) with
the concentration of over 40 % Sc,05 and 7.6 ZrO, [6].

Significant resources of Sc and V are concentrated
in ilmenite and titanomagnetite ores of both endo-, and
exogenic deposits associated with gabbroanorthosite-ra-
pakivigarnet plutons. The content of Sc in ilmenites of
these deposits makes up to 80 g/t and V — from 525 to
1550 g/t [8]. The titanomagnetite ores of the Kropyvna
deposit in the Korosten pluton are the richest in the content of vanadium, the V,05 concen-
tration in them being 0.41 % [19].

The tantalum-niobium-rare-earth-phosphate ores are associated with carbonatites in
Western Peri-Azovian. Here the developed Novopoltavsk deposit may be an object of an
attendant production of Nb, Ta and REE when apatite, the basic component, is mined. The
deposit is confined to the extended (over 14 km) composite-zonal band of alkali-ultrabasic
intrusive rocks and metasomatites, among which carbonatites with the apatite and RM-
REE-apatite mineralization are distributed. According to S. G. Kryvdik the age of minera-
lization is within 2.19—1.99 Ga [11]. The ore is represented by carbonatites of the calcium-
dolomite composition which form the dike- and stock-like rocks with sharp contacts among
fenites (at the expense of host migmatites), nephelinic syenites and ijolite-melteigite with
the depth from several tens of metres to 100 m. The major ore minerals with the exception
of apatite are presented by columbite and Ce-fergusonite. The ore also contains pyrochlore,
hatchettolite, zircon, orthite. The content of Nb,Os in carbonatites makes up 0.06—0.3, that
of Ta,O5 — 0.002—0.003 %, of the TR,0;sum — 0.17—4.6 % [51].

The linear-regional weathering crust on the deposit is of the depth of 50—70 m and
above the tectonic zones — to 150—370 m. If the medium content of P,0O; in carbonatites is
4.3 %, then in the weathering crust it makes up 8 %. The analysis of the technological
sample from the weathering crust ore has shown that at the total content of the 0.6 %
TR,0; + Y,0; sum almost up to 68 % of this quantity is concentrated in the disperse
fraction, secondary phosphates of the crandalite group and apatite being REE carriers in
slimes [9].

The similar apatite-enriched alkali-ultrabasic formations are also established in the
Podillya metallogenic region along the south-western flange of the Teteriv fracture. Fluo-
rine-apatite from the Proskurivka carbonatite occurrence has a higher content of REE mainly
of the Ce-group and the TR,0; sum in it reaches 2 % [28]. It should be noted that in
exogenic REE occurrences along the border of the Podillya metallogenic region with the
Kirovograd region the mineralization Ce-profile changes into the yttrium one (xenotime,
aqueous phosphates Y in the Pogrebyshche and Solomiyevka occurrences).

The rare-earth-zircon-fluoride ores, associated with alkali-earth syenites are revealed
in the Volyn, Kirovograd and Peri-Azovian metallogenic regions [40] and considered as a
nonstandard type of Zr-mineralization [27].

The Azovian deposit, confined to the South-Kalchyk massif in the East-Azovian plu-
ton (Figs. 1, 5) is the largest in Europe. By the reserves and the content of the useful
components this deposit may be compared with the Bajun-Obo deposit in China and Moun-
tain-Pass in the USA [45]. The prospecting is being carried out on the Azovian deposit and
it may be prepared for exploitation in the shortest period of time [48]. The ore zone of the
Azovian deposit has the depth from 25 to 70 m on flanges and to 200—450 m in the central
part. The main mineralization is associated with anorthoclase-hastingsite-lepidomelanic
syenite-pegmatites in which the basic ore minerals are represented by zircon and britholite
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Fig. 7. Schematic geological map of the Okty-
abrsky massif: 7 — the basite-ultrabasite com-
plex; 2 — frame rocks (granites and gneiss-
migmatites); 3 — syenitic complex; 4 — nephe-
linized syenites; 5 — fayalites; 6 — mariupo-
lites and alkali pegmatites; 7 — albitites; & —
dike complex; 9 — tectonic disturbances;
10 — geological boundaries

with orthite and bastnesite subordi-
nate to them. According to the data
of CE "Pivdengeologiya" the content
of ZrO, in ores varies from 0.01 to
12.45 % (the medium content —
1.95), the TR,05 sum is equal to
1.89, including REE the Ce-
group — 1.57, the yttrium group —
0.2, Y,0; — from 0.07 to 0.46 %
(on the average 0.12). The eluvial
thickness on the deposit has the depth
of 20—50 m and immediately over
d LA ftos + ore bodies in the weathering crust
T e T ; with the total content in samples of
Coy B2 Lds [* C';‘-]f b 0.4-1.2 % TR,0, and 0.04—0.1 Y,0,
7 EZ_]&' 9 40 e its considerable part (20—30 % of the
total quantity) is in the acid-soluble
form [9]. In the kaolinite-hydromica
zone of the weathering crust at the depth of 35 m the undiscovered potential resources of
ZrO, amount to 1.5 mill. t and of TR,0; — over 500 thou t [45].

The potential Yastrubetsky deposit located in the Volyn metallogenetic region (Fig. 1,
6) differs from the Azovian deposit by the blind character of mineralization which is concen-
trated at the depth from 548 to 1058 m [27], the ZrO, content being 6.6 %. Mineralization
is believed to be associated genetically with magmatic stratification of the syenitic intrusion,
but the established two zircon generations aged 1790 and 1720 Ma evidence for the metaso-
matic nature of the ore concentration against a high background of the content of 0.2—0.3 %
Zr in syenites [12, 34]. REE minerals are represented by britholite, orthite and bastnesite
which are accompanied by Y-fluorite.

The similar ore mineralization is detected in syenites of the south-eastern part of the
Korsun-Novomyrgorod pluton and also in their weathering crust.

The established individual peculiarities of the mentioned objects [29, 31] most likely
depend on different depth of their erosion section.

Actually, the rare-earth objects are known only in Peri-Azovian within the East-Azovian
pluton. The Petrovo-Gnutove deposit of calcite fluorite-parisitic ores [30] and a group of
similar occurrences of vein type are confined to the Kalmius fracture which determines the
eastern border of the Peri-Azovian metallogenic region.

The Anadol potential deposit [45] is represented by certain veins and numerous strings
with nests and lenses of orthite in association with parisite, bastnesite, ceralite located along
the fracture zone of the south-western strike over a length of 1000 m. Mineralization having
the thickness from 0.7 to 3 m is traced by boreholes towards the depth of 400 m. The average
content of the REE sum makes up 9.23 %. Commercial tests of this ore on the Peri-Dnieper
chemical plant gave positive results [45].

Tantalum-niobium-zircon ores are associated with nepheline syenites of the Oktyabr-
ske massif (Fig. 7), their productive weathering crust is developed by mine "Zircon". The
Mazurivka deposit of primary Ta-Nb-Zr ores, developed at a later time, is assigned to high-
perspective objects of the medium scale. Alkali rocks (mariupolites, albitites, albitized sye-
nite-pegmatites, nephelinic and biotitic pegmatites) forming the tabular- and vein-like bod-
ies are sometimes united into a unique complexly ramified lode with numerous apophyses,
swells and pinches. In all 16 lodes are explored. They are maintained along the strike and
dip, have a depth from 1 to 79 m and are inclined to the centre of the massif at the angles
20—40°. The deposit has been traced by boreholes along the strike of 0.7—3 km and along
the first hundred metres — along dips.

The mineral composition of RM mineralization is determined by concentrations of
zircon and pyrochlore whose distribution depends on different intensity of the alkali meta-

e
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Fig. 8 Schematic geological map of the Perga ore knot: / — secondary quartzites; 2 — schists in the Sushchany thrust
zone; 3 — ore alkali metasomatites; 4—& — granites (4 — with blue quartz, 5 — from Perga, 6 — from Khochyn, 7 —
from Lvivka, & — from Syrnytsa); 9 — granite-porphyries; /0 — syenites (the Yastrubetsky stock); 7/ — diorites; 12—
axial line of fractures

somatosis. Fersmite, ilmenorutile, columbite are present in small amounts. In ore bodies the
uneven distribution of rare metals, whose mineral concentrations are typical of mariupolites,
are traced along the strike and depth. According to the data of CE "Pivdenukrgeologiya" the
content of Nb,O5 in mariupolites amounts to 0.013—1.28, that of Ta,O5 — 0.0006—0.138, of
ZrO, — 0.01-3.77 %. An essential yttrium composition of REE in zircon and host mariu-
polites is marked [45]. Pyrochlore having 80—90 % Nb is the main mineral-concentrate of
Ta and Nb. The rare-metal mineralization formed in association with nephelinization and
albitization. The zircon age from mariupolites is about 1.8 Ga [29].

The main ore types (mariupolites and predominantly nephelinic alkali syenites) are
composites (alumina, alkali products and rare metals) and a chart of their enrichment,
developed at the UkrDMP, is considered to be the most complete.

The Mala-Tersyanka ore occurrence, which is confined to the massif of nephelinic
syenites of the same name and located in the north-eastern part of the Peri-Dnieper area at
the border with the Peri-Azovian, is identical to the Mazurivka deposit. Contrary to the
Mazurivka deposit the vein carbonatites are determined in this ore manifestation which by
the age of 2.05 Ga are practically synchronous to carbonatites of the Novopoltavsk deposit.
The Ta-Nb-Zr mineralization is mainly associated with alkali syenites, syenite-pegmatites
and metasomatites. The highest concentrations of Ta,05 — 0.034, Nb,O5 — 0.8 and ZrO, —
1.58 % are established in alkali metasomatites (fenites) and determined by impregnated
pyrochlore-zirconic mineralization. Local fluoritization and enrichment of Ce-group REE
up to 0.65 % is observed.

At present of commercial significance are placer deposits of Ti-Zr ores, out of which
only the Malyshivka deposit, also known as the Samotkan deposit, is exploitated. The de-
posit, located in the Peri-Dnieper part of the USh, is the largest and the richest among the
numerous objects of such a type. The Vilnogirsk State Mining-Metallurgical Integrated
Plant functions on its base. It produces the ilmenite, rutile, zircon and other commodity
concentrates [7, 19]. At the plant there is a metallurgical complex where the processing of
zircon concentrate takes place and Zr and Si chlorides are obtained. From the latter pure
and particularly pure Zr, ZrO,, HfO, and also metallic Hf and Zr for technical purposes are
produced.

Beryillium ores are associated with alkali, feldspar metasomatites of the marginal north-
western part of the Volyn metallogenic region. Here the revealed Perga deposit is the unique
commercial type of genthelvine ores of high quality [16, 17, 20, 21, 54]. The deposit is
explored and prepared for the exploitation. It is characterized by a large reserves with the
medium content of BeO — 0.55 %. Concentrates (5.45 % BeO) casily come out in the
process of metallurgical sorting by the fluorite scheme with the 92 % extraction [33].

The Perga deposit is located within the complex tectonic knot in the pendent wing of
the Sushchany overthrust of the north-western dip and is timed to the subalkali granites
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Fig. 9. Schematic section of the central part of the Perga
Be-deposit: I — ore bodies with genthelvite; 2 — metaso-
matic granites with blue quartz; 3 — gneiss-like Perga gra-
nites; 4 — boundaries of ore zones

which were subjected to dynamic deforma-
tions and hydrothermal-metasomatic variations
(Fig. 8). A high anomalous background of F
and Li and also enrichment with dispersed
4 cassiterite, columbite and pyrochlore are as-
sociated with the latter [10, 32]. A signifi-
cantly higher concentration of gold is the main
peculiarity of granites [37].

The ore zone of the deposit having 5 km
in length and from 35 to 100 m in width con-
sists of the coulisse-located bodies of meta-
somatites having the thickness from the first

Lo metres up to 20—30 m which bear the main

Be-Zn mineralization. The Zr, Ta, Nb, TR,

-4 2 EIJ Ej4 Th, Sn, Mo, Pb, Cd content being higher

relative to ore concentrations and also native

silver and electrum are determined [32, 37, 44]. The multistage formation of the polymetal-

lic-rare-earth mineral associations of the Perga deposit took place within the age range of

1.74—0.97 Ga [11]. The concentrations of columbite up to 650 g/m? and of zircon up to

2 kg/m3 and a thick band of Y and yttrium REE anomalies with the sum of 0.1-0.2 %

TR,0; are established in the weathering crust of ore-bearing granites and metasomatites in
the area of 45 km? [9].

Within the Perga tectonic knots there is also the Yastrubetsky stock of Zr-TR-bearing
syenites, the Verba Bi-Mo deposit and a number of promising occurrences of Sn, W, Ta, Nb
and fluorite. Currently the economic appraisal of the expediency of the complex develop-
ment of the closely located objects by the only one mining enterprise is carried out, that
permits the mineral raw base of rare metals to be created in the north-western region of the
Ukraine [33].

The prospects of revealing new Be-ore objects within the USh are mainly associated
within the external metasomatic areas of distribution in the Korosten and Korsun-No-
vomyrgorod plutons where there are places of occurrence of beryillium (phenakite, chryso-
beryll) and also contrasting (up to 100 g/t) geochemical anomalies of Be, including those in
the uranium deposits of the albitite type [6].

Deposits of the lithium and complex tantalum-niobium ores associated with pegmatites
are first detected and explored in West Peri-Azovian [18, 22, 25, 46].

The small Kruta Balka deposit is represented by the medium-steep pegmatitic seam-
and mushroom-like bodies being from some decimetres to 70 m in the length to several
hundred metres in the width. In the vertical section they have a distinct zonation from mica-
ceramic (ore-free) to the albite-microcline-spodumene zones in the upper parts of bodies.
Typical are mica borders with the thickness to 30 cm along the contacts of pegmatites with
the host ultrabasites and holmquistitic schists. The ore minerals, excluding spodumene, are
represented by columbite, tantalite, zircon, cyrtolite, monazite and xenotime. Emerald crys-
tals are met only in this deposit. The highest content of Ta,Os in albite-microcline spo-
dumene pegmatites is 0.012—0.014 %, while of Nb,O5 — 0.007. The content of Li,O varies
from 0.008 to 6.55, Rb,0 — 0.006—0.395 and of Cs,0 — 0.001—0.129 %. The content of
Cs,0 in micaceous rocks reaches 0.83 %.

The revealing of ores with commercial parameters is possible on the deposit flanges and
the west-located Yelyseivka field of differentiated pegmatites in which there are tens of veins
with superimposed greisenization and REE — Ta-Nb-Y mineralization (samarskite, xeno-
time, monazite, columbite, tantalite). The Kruta Balka deposit is structurally (the Sorokyne
zone) combined with the Surozh gold-bearing deposit.

The Shevchenkove deposit is located 100 km northward from the Kruta Balka deposit
and is overlapped by 100 m thickness of the platform cover sediments. This deposit of
medium size, studied profoundly and assigned to the high-profitable object of the complex
type [4, 14, 25], is represented by the steeply dipping bodies of pegmatites which are in
concordance with the enclosing gneiss-crystalline-schist thickness (Fig. 10). Revealed are
six ore bodies having the thickness from 2 to 84 m and the extension of 200—1200 m with
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Fig. 10. The Polokhivka deposit of +209 7
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eties of lithium ores, spodumene and petalite-spodumene, united into the unique spo-
dumene type of ore are distinguished. Spodumene in ore is mainly large (the size of its
nests — 2—40 cm), it has typical pseudographic inclusions of quartz and is assigned to the
iron-enclosing variety familiar to spodumene pegmatites (Li,O — 7.4, Fe,0; — 0.6—0.8 %);
petalite is fine-grained. The isotopic age of pegmatites is 2.22 Ga with two stages (2.03 and
1.9 Ga) of their transformation [14].

In the process of enrichment the spodumene concentrate having the content of 5.1 %
Li,O may be obtained with its 88.5 % extraction by the gravitation-floatation technique. The
subsequent investigations may improve the quality of the spodumene concentrate. A degree
of the ore complexity is low: such secondary useful minerals as columbite and cassiterite are
present.

The deposits of Li-substituted pegmatites of the Shpolyano-Tashlyk region (the Polokhiv-
ka, Stankuvate and Nadiya), combined with the gold- and uranium-ore fields of the central
part of the USh, have higher levels of concentrations of useful components [38, 41].

The Polokhivka deposit is considered to be the most promising for the prospection and
subsequent development [3]. It is located in the south-western exocontact of the Korsun-
Novomyrgorod pluton (Figs. 1, 10). On the deposit three steeply dipping ore bodies which
lie in concordance with the enclosing gneisses and granitoids are surveyed by boreholes. Out
of them the largest body having the thickness from 16 to 130 m (on the average 60 m) and
the length of 550 m is bored to the depth of 500 m from the surface. The second ore body
having the thickness from 13 to 75 m is traced along the strike to 350 m and to the depth to
400 m. The third body has less important parameters and is blind. Specialization of deposit
ores is lithium; Rb, Ta, Nb, Be, Sn are accompanying but insignificant components. The
average content of Li,O in ore bodies (%) is in the first — 1.25, the second — 1.21 and in the
third — 1.04. The ore bodies are nonzonal and practically contain only one mineralogical
and technological type — the dense fine-grained petalite ores. Up to 95 % of the total
quantity of Li are associated with petalite. Petalite contains 4.0—4.8 Li,O and 0.09—0.11 %
Fe,05 [53]. The existence of two techniques of ore processing was proved by the technolog-
ical investigations: 1) with the obtaining of the petalitic concentrate according to the gra-
vitational scheme of enrichment with the content of 3.5 % Li,O and extraction from it 40—
50 % Li; 2) without the obtaining of the petalite concentrate. The first specimens of metallic
Li and Li-salts are produced from the petalitic ore.

The Polokhivka deposit is localized among essentially microcline cataclized pegmatoid
granites, pegmatites and gneisses (garnet-biotitic and garnet-cordierite-biotitic), which are
replaced by quartz-microcline-albite mineral association with or without petalite. Due to
unevenness of metasomatism relicts of early pegmatite mineral associations are determined.
These are cord blocks of microcline and spodumene with impregnation of quartz, granular
quartz with cordierite and garnet and also of gneiss xenolites substituted to a different
degree. Such unevennesses are most often observed in contacts of ore bodies where the
maximal recrystallization of all rock-forming minerals took place. In the newly formed
biotite the content of the sum of rare alkalis is almost ten times as high as in biotites of the
cropping out gneisses [23]. In this case lithium plays the decisive role: the content of Li,O
in biotite-2 increases to 0.36—0.94 % as compared to 0.07 % in biotite-1.The linear para-
meters of recrystallized gneisses substantially exceed those which are actually peculiar to
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Fig. 11. Complex deposits of Li and Ta-Nb ores from the Stankuvate and Nadiya (plan (@) and sections (b — Nadiya,
¢ — Stankuvate)): I/ — deposits of sedimentary cover; 2 — pegmatites enriched with Li minerals; 3 — pegmatites with
low Li mineralization; 4 — granites; 5 — migmatites; 6 — pyroxenites; 7 — gneisses; § — amphibolites, sometimes with
impregnations of micous ores; 9 — fracture disturbances

productive pegmatites. The K-Ar age of biotite-2 is 1905 £ 35 mill. years, that of muscovite
from petalitic ore — 1800 % 35 mill. years. The data presented evidence for the existence
of more ancient spodumene pegmatites (the age of relict zircon is 2.04 and about
2.3 Ga), due to their crushing and regressive metasomatism the high-temperature pet-
alite replacement took place [53].

The ore-controlling structure lasts north- and westwards from the Polokhivka de-
posit and has a number of rare-metal ore occurrences (the Mostove, Vys, Kopanky)
within the range of the Petroostriv pegmatitic field. In this field 5 zones traced along
the strike of 1.9—6.1 km are exposed by boreholes. They are subparallel vein- and pod-
like bodies (with nodes and pinches) of steeply dipping albite-microclinic metasoma-
tites which substitute pegmatoid granites among gneisses. The thickness of zones varies
from several decimetres up to 21.5 m and the medium thickness of ore bodies makes up
1.55 m. The content of rare metals in these bodies is, %: Ta — 0.001—0.152; Nb —
0.002—0.05; Sn — 0.001—1.04; Be — 0.005—0.05; Rb — 0.005—0.142; Cs — 0.001—
0.055. Tantalic niobates are represented by minerals of the columbite-tantalite and
ilmenorutyl-struverite group which are associated with cassiterite, uraninite, anthraxo-
lite and graphite. The tantalum tendency of mineralization are also fixed by high level
of the element in associated cassiterite and ilmenite [38].

The Mostove rare-metal occurrence is associated with gold-bearing one. Here
native gold is in association with Bi and As.

The Stankuvate and Nadiya deposits located in 50 km south- and westwards of the
Polokhivka deposit differ in the spodumene-petalitic composition of Li ores and in
higher content of tantalic niobates with the tendency to the Ta concentration — it is
here that tapiolite is established. Actually the two deposits are within the unique ore
field (Fig. 11) in which dike-like steeply dipping bodies of substituted pegmatites and
aplite-pegmatoid granites being in thickness from the first metres up to 30 m form the
producing zones of 130—150 m in the width and are characterized by considerable
resources of Li,0.
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The ore field is timed to the external western zone of the Lypnyazhka granite
cupola, composed with migmatites, biotic gneisses and crystalline schist with amphi-
bolites and orthopyroxenites subordinate to them. In this case the bodies with rare-
metal mineralization are localized only within the latter. Oligoclase-microcline peg-
matites with U, Ta-Nb and Sn mineralization being identical to pegmatites of the
Petroostriv field are established in the producing zones. At the same time these pegma-
tites and host granites are characterized by the anomalous nature of U-Th-TR-Y which
is peculiar to the deposits of the Vilshany-Kostyantynivka zone of the Bug area. They
are replaced by albite-orthoclase (together with spodumene and petalite) mineral asso-
ciation which determines the practical interest of mineralization. The laboratory-tech-
nological investigations of the Stankuvate deposit ore have shown the optimal division
of useful minerals by fractions: light fraction — petalite; electromagnetic — tantalic-
niobates and triphyline; heavy nonelectromagnetic — spodumene, chrysoberyl and cas-
siterite.

The content of Li,O in certain ore bodies of the Stankuvate deposit is within
0.34—2.23 % (on the average 1.26) and in the Nadiya deposit within 0.25—1.26 % (the
average 1.06) and is associated with Rb, Ta, Nb, Be, Sn. The contacts of rare-metal
pegmatites with host amphibolites are characterized by biotite edging of small thick-
ness (from the first mm up to 2—3 cm). These biotites are enriched by rare alkalis with
Rb playing the main role [23]. The quantity of Rb,O in the rock is within 0.03—1.16
(on the average 0.65) and in biotite within 0.12—2.3 % (on the average 1.38). Contrary
to amphibolites the contact variations in ultramaphites form amphibole-mica with
apatite bodies of the thickness from several cm to 8 m with Cs- and Rb-Cs-phlogopite
which contains 0.045—1.45 % (the average — 0.76) Rb,O and 0.34—1.61 % (average —
0.83) Cs,0. In addition to proper apoultramaphite micaceous ores in the productive
zone there are such which irregularly alternate with cordierite-plagioclase rocks. The
first and second, besides rare alkalis, are characterized by the medium content of
60 - 1074 Be and 20 -+ 10™* % Sn. The maximal concentration of Be in micaceous ores
amounts to 300 - 10~ and in cordierite-plagioclase rocks — 500 - 1074 %.

Ta-Nb mineralization occurs with and without lithium one, that permits CE "Kirov-
geologiya" [24] to distinguish the regions of complex ores: Novostankuvate (in the
Stankuvate deposit) with large promising and probable reserves of the ore with the
medium content of Ta,O5 — 0.013, Nb,O5 — 0.016 and Li,O — 0.75 %, Tashlyk (in
the Nadiya deposit) with the medium content Ta,0; — 0.015, Nb,O5; — 0.024 and
Li,O — 0.63 % and also isolated Novoodesa with large probable reserves of tantalum.
Besides, in the isolated Lypnyazhka ore occurrence the promising and probable re-
sources of ores with the medium content of Ta,05 — 0.015, Nb,O5 — 0.02 and Li,O —
0.45 %. Also, a number of promising occurrences of gold and tungsten of the scheelite-
skarn type are revealed within the range of the ore field.

The sequence of ore mineralization in the Stankuvate-Lypnyazhka and Polokhiv-
ka-Petroostriv zones is not practically different and the analysis of their tectonic rela-
tionship evidences for the retrospective unity of these zones [42].

Apart from the considered rare-metal deposits associated with the substituted peg-
matites in the central part of the USh and in the Zhovta Richka ore occurrence of
Kryvbas, the analogous ore-formations are known both in the north and the south parts
of the Kryvyi Rig-Kremenchuk fracture and also within the range of the Volyn meta-
logenic region.

The rare-metal mineralization is established in the Komendantivske pegmatitic
field of the north-eastern wing of the Kryvyi Rig-Kremenchuk fracture [26]. Spo-
dumene and tantalite-columbite are present in the productive albite pegmatites. The
content of Ta and Nb pentoxides is from 0.008 up to 0.08 and 0.01—0.14 %, respective-
ly, and of Li — reaches 0.9 in spodumene-albitic pegmatites and 0.16 % — in host
amphibolites with holmquistite. The latter is an indicator of Ta, in other way, specia-
lization of mineralization in the Stankuvate and Sorokyne rare-metal fields. Muscovite
is a concentrate of Rb (its maximal content is 0.69 %). In the south-western wing of
the fracture analogous pegmatites and also skarns mineralized by many metals are
established but practically unstudied.

The Volyn metallogenetic region, with the exception of the Perga ore knot, are
characterized by a widespread development of pegmatites with features of rare-metal
mineralization. Such greisenized pegmatites with beryl, columbite and cassiterite are
concentrated in fields in the south-eastern framing of the Korosten pluton, whereas
Rb-Cs (micas) and Ta (tapiolite, columbite-tantalite) specialization are typical of peg-
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matites of its western framing.

Apart from the above mentioned deposits of U, RM and REE ores, Ukraine has
abundant resources of germanium which are concentrated in ferric quartzites and rich
iron ores of Kryvbas [47]. Magnetite (up to 50 g/t) is the main bearer of Ge; in the
magnetic concentrate the content of Ge is 1.5—2 times as high.

As it is planned to develop the Perga deposit as the beryillium one, it should be
noted that its ores contain such RM as galium, germanium, talium, cadmium and
indium [32]. Ga is concentrated in ganite (up to 100 g/t), Ge in the same quantity —
in ganite and cassiterite. The maximum concentrations of Tl are fixed (g/t) in zircon
(250), magnetite (400) and cassiterite (500). Cd is present in different generations of
genthelvite in the quantity from 200 to 850 g/t, its mineral form — grinokite being
established. In is concentrated (g/t) in genthelvite (130) and martite (250), but in most
quantities (%) — in phenakite (0.2), cassiterite (0.2) and sphalerite (0.5). Native indi-
um is found in the wolframite-cassiterite ore occurrence within the range of the Perga
deposit.

Main conclusions. The USh is the unique metallogenic province of Europe, within
the limits of which U, RM and REE deposits are exposed and studied to a different
extent. The presence of their ore occurrences evidences for the far inexhaustible poten-
tial of the region.

The overwhelming majority of deposits and ore occurrences are epigenetic com-
plex objects connected with both endo- and exogenic processes. In this case the latter
had an effect on ore concentrations both in the weathering crust of endogenic deposits
and in the sedimentary cover.

The age range of the endogenic ore-formation is grandiose — from Paleoarchean
to Phanerozoic with features of polycyclic stepwise geochemical inheritance depen-
dent on the progressive-regressive temperature evolution of the hydrothermal and meta-
somatic processes against the background of the earth crust formation.
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PE3IOME. PaccMOTPEHBI Te0JIOro-TPOMBILLIIEHHBIE TUIBI MECTOPOXKICHUI DY ypaHa, PEIKHUX U PeaKO3eMebHbIX
3JIEMEHTOB U MEPCHEKTUBbl HapallMBaHUs MUHEPAIbHO-ChIPEBON 0a3bl U MX JOOBIYM B Mpeienax YKpPauHCKOro

muTa. OTMEYeH KOMIUIEKCHBII XapaKTep MeCTOPOXKACHUI U CTPYKTYPHO-IIPOCTPAHCTBEHHAs MX CBSI3b C 30JI0TOPYIHBIMU
00BEKTAMM.

PE3IOME. Po3riisiHYyTO re010ro-npoMHUCIIOB TUITM POILOBML Py YpaHy, PiIKICHUX Ta PiKiCHO3eMeIbHUX €IEMEHTIB

i TepcreKTUBM HapOLYBaHHSI MiHEpaJbHO-CUPOBMHHOI 0a3u LIMX PyA B MexXax YKpaiHCbKoro luura. Bin3zHaueHo
KOMITJIEKCHUI XapakTep POIOBMIL Ta CTPYKTYPHO-NPOCTOPOBUIA iX 3B’5130K i3 30JI0TOPYIHMMHU 00 €EKTaMHU.
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UDC 553.6 + 553.8 + 553.91(477)
M. L. Lebid, V. I. Kalinin, E. O. Kulish, A. S. Voinovsky,
G. D. Lepigov, K. O. Sukhodolsky

Nonmetal Minerals of the Ukrainian Shield

Numerous deposits of various nonmetal minerals occur in the crystalline basement of the Ukrainian Shield and its crust
of weathering. The deposits of crystalline graphite, primary kaolin, ornamental-decorative and precious and semi-
precious stones as well as quartzites for metallurgy are the most important for domestic needs of Ukraine and for
interstate exchange with CIS countries and for entrance to the world market.

Hundreds of quarries for excavation of various nonmetal minerals work in the well-devel-
oped territory of the Ukrainian Shield (USh). Some of them supply raw materials, being of
great importance not only for Ukrainian economy but also for the exchange among states:
graphite, kaolin, flame-resistant and bentonite clays, high-purity quartz sand, ornamental
stones etc. In accordance with the symposium subject, the work deals with only those kinds
of important nonmetal minerals which occur in the crystalline basement of the USh or in its
crust of weathering.

The USh, first of all, represents great resources of the building stone, including orna-
mental — trim stone [7, 8, 11]. Intrusive and ultrametamorphic formations make the main
resource. Granites (including granodiorites, granosienites, sienites, charnokites...) possess
high compressive strength (170.00—280.0 MPa/cm?2, sometimes from 130.0 to 320 MPa/
cm?), they are resistant to friction, atmospheric precipitations and frost. There are all stone
varieties from fine- to giant-grained and all colours and tints from light-grey to very dark,
and to rosy, violet-rosy and red. The latter are in great demand now. These are granites from
the Kapustyne, Tok, Omelyanivka and Liznyky deposits. Original colour and pattern are
characteristic of granites from Didkovichi and Zelenytsya deposits: combination of pink
with white, greish and green and original pattern.

A lot of standard-size blocks (0.01—8.0 m3) — about 55—60 %, 35 % at an average, are
usually quarried at the deposits. Rather greater blocks were quarried to special orders (e.g.
that of 270 m3 [8, 11] in the Kudashivka deposit). The deposit Symony has been prospected
for manufacturing stone cylinders of 9—10 m for paper mills. In certain zones natural radio-
activity of granites and more rarely — of other varieties of ornamental stone exceeds the 15t
class level, allowed to be used in all kinds of civil and industrial construction engineering.
The required quality of ready-made products from quarries is provided by systematic radio-
activity monitoring in the faces and yards as well as their correct use. Thus, highly ornamen-
tal granites of the Tok deposit with almost always high radioactivity level (class II and III)
are supplied for external trimming only, they are not used for trimming inside apartments or
office premises.

Gabbro (including gabbro-norite, gabbro-anorthosites, gabbro-diabase) — from fine —
to coarse-grained, dark grey to black. They are also hard (100.00—230.0 MPa/cm?) and
stable, with 33 % standard blocks at an average. Blocks of 50—80 m?3 [8, 11] were quarried if
necessary.

Labradorites include bright iridescent "eyes" — labrador crystals — pale blue, blue,
greenish, rarely goldish of 3—5 mm to 3—5 cm and above; they are the most ornamental
stones. A blotter of a whole iridescent crystal of 16x11x2 cm from Slobidka deposit is kept
in Zhitomyr Museum of Regional Studies. S. V. Belsky (1910) [11] tells about a sample of
iridescent labrador of 27x27x9 c¢cm from the Paromiv plot. Very light labradorides from
Vaskovychi deposit are rather original among noniridescent varieties.

Metasedimentary rocks of the USh are considerably less used as ornamental stones.
Quartzites of the Tovkachi suite of the Ovruch district are highly ornamental: raspberry-red
and striped quartzites which are comparable with well-known Schokshinian quartzites in
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Karelia. It is difficult to process quartzites because of their high hardness (300 MPa/
cm?) and abrasiveness and thus, they are rarely used as ornamental stones. Carbonate
rocks — calciphyres, dolomites — often possess inexpressive colour (grey, brown, spot-
ty) and high fissureness [8, 11]. Light (to white and transparent) dolomite marbles
from the Kocheriv zone in the south-eastern part of Volyn mineragenic subprovince [1,
5] make the exception. The Negrebivka deposit with the stratum 57—75 thick and
mean depth of occurrence of 30 m has been prospected. The output of standard blocks
is 15 %. The marble is composed of almost continuous dolomite (about 97—99.9 %).
The block quarrying wastes are valuable raw materials for production of glass and for
ornamental plaster mix. The rest of marble bodies occur in the Kocheriv zone in more
complicated conditions and thus they have not been evaluated as deposits.

Quarrying and use of decorative stone in the USh have long-standing traditions.
Quartzites and pyrophillite schists of the Ovruch region have been used in construction
of churches from the times of the Kyiv Rus, while manufactured articles of the same
schist was know from the Neolithic times. Industrial quarrying was started in he early
19t century in the Zhitomyr region [8, 11]. "Stone competition" carried out before the
construction of V. I. Lenin Mausoleum in Moscow was an evidence of high result of
this competition. The Mausoleum was built of gabbro, labradorite and granite from
Zhitomyr deposits, only the inscription on the Mausoleum was made of Schokshinian
quartzite.

Hundreds of monu en trimmed by ornamental stones from the USh in the territo-
ry of Ukraine, European part of Russia, Transcaucasus and Asian part of CIS. There is
rather old tradition of stone export to ments have been established, the most important
state and public buildings, underground stations, railway stations, airport, quays and
bridges, underground tunnels have be other countries: red granites mainly to Japan,
dark Cornian granite almost exclusively to Italy.

Thirty eight (38) granite, 17 gabbro, 15 labradorite deposits, are developed now in
the territory of the USh. For 01.01.1999 24 granite, 5 gabbro and 5 labradorite deposits
have their own official brand name in the world market. Most popular are granites
from the following deposits: Kapustyne (Rosso Santiago, Rosso Ukraine, Santiago Red),
Tokivske (Carpazi, Caramel), Mezhyrichka (Flower of Ukraine, Coral Mist), Did-
kovychi (Star of Ukraine, Sunset), Kornyn (Leopard, Salmon Red), Pokostivka (Grey
Ukraine), etc.; labradorite of Osnyky (Irina Blue) and Golovyne deposits (Blue Volga,
Black Sea); gabbro of Slipchytsi (Kometa Black) and Dobryn (Black Light) deposits.
There are also deposits prepared for development and investments.

The decorative-trimming stones often prove to be good ornamental (semi-pre-
cious) stones especially labradorites with big brightly iridescent crystals. Besides, there
are many stones in the USh which have beautiful calour and pattern as well as techno-
logical properties.

These are: jaspilites from Kryvyi Rig, mariupolite from the Peri-Azovian area,
amazonites from Sushchany-Perga zone; pyrophylite schists from Ovruch district, una-
kites and jewish stones from various territories of the USh. Separate not sufficiently
studied findings of ornamental, collection, semi-precious and precious stones are known
as well: jewelry varieties of quartz, topaz, beryl, transparent to white, slightly iridescent
opal; nephrite, falcon’s, cat’s and tiger’s eyes, etc. Even emerald and ruby were found
there, there are 265 sites of semi-precious stones in the USh. Most of them have not
been evaluated.

Only the Volyn deposit, or Volodarsk-Volynsky field of chamber pegmatites, which
lies in the zone of granite-rapakive (rapakivi-like) endocontact, has been known since
the 19th century and, it is a large and promising and sufficiently studied object of the
jewelry stones. The above 0.3—1.5 km wide endocontact zone is traced without break
along the margin of the Volodarsk-Volynsky field of basic rocks. The distribution of
chamber pegmatite bodies within the endocontact zone is nonuniform and sometimes
form close groups or chains.

Quartz crystals (from fine to giant — 10 t and above), topaz, beryl as well as
feldspar micas, getite, fluorite, tiger’s eye, etc., are deposited in the pegmatite cham-
bers. Quartz, mainly occurs as morion, rauhtopaz and rock crystal, rarely amethyst and
citrine. Topazes (the largest crystal weighed 117 kg) are of pale-rosy (wine) colour, as
well as light-bluish and colourless. Beryls are mainly olive-green, sometime aquama-
rine.

Graphite mineralization occurs in the USh territory almost everywhere. In can be
found in gneisses, slates, rarely in granitoids, gabbroids, metasomatites... of different
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Precambrian age (from Paleo-Archean to Meso-Proterozoic). But graphite redistribu-
tion in the processes of metamorphism and metamorphogenic-hydrothermal ore-for-
mation does not play considerable part in formation of its industrial deposits. Only
biotite-graphite paragneisses (and paraschists) of Paleoproterozoic and Neoarchean,
metamorphized in amphibolite or epidote-amphibolite facies are of practical value.
Graphite is sedimentary-metamorphogenic, explicitly scaly, its medium content in the
ore bodies does not exceed 10—12 %.

Content of thin ingrowths of nonmetallic minerals increase in the rocks of granu-
lite metamorphism facies (and in their remnants among diaphtorites) in graphite scales.
This complicates the processes of ore concentration and lowers quality of the available
concentrate. High secondary graphite concentrations (about 20—30 %), also are not
rather valuable, since a considerable share of scaly graphite in them is replaced by
powdery one.

Primary graphite ores in gneisses and schists are rather hard and are not always
profitable for excavation and processing. From geological-economic estimates they are
often related to extra-balance ores, that is the ores which can be the development
object in the future only. The weathering crust ores (i. e. soft and loose ores) and
transition zone (from bed-rocks to hypergenesis zone) ore (half-loose ores) are of
industrial significance now. The compression strength of industrial ores varies from 10
MPa/cm? and below to 40 MPa/cm?2. Six graphite ore deposits have been investigated
in different regions of the USh. Three of them are the most valuable ones: Zavallya
deposit (at the stage of development), Balakhivka deposit (is prepared for develop-
ment) and Burtyn deposit (the end stage of prospecting). General graphite resources in
the soft ores of the crust of weathering make 23 mill. t of graphite — about 380 mill. t
of ore. Since the volume of semi-loose ores (below the crust of weathering) in the
studied deposits exceeds 1.5—5.5 times, the volume of soft, loose and semi-loose ores
of the Shield may be evaluated as 55—60 mill. t of graphite (900—1000 mill. t of ore).

The Zavallya deposit (Dniester-Bug mineragenic subprovince) [1, 5] is distributed
on the South Bug riverside in the west of Kirovograd and adjacent Odesa regions. It
was opened in 1924 and is in service from 1930.

The rocks of the Khashchuvate-Zavallya suite (Neoarchean or Paleoarchean) in
the deposit make a syncline with latitudinally oriented axis. Calciphyres mainly occur
in the nucleus, productive thickness of graphite-biotite gneisses — on the wings. The
major 5 km long graphite-bearing zone is distributed in the northern wing of the fold
with high (to vertical) southward dip. Ore bodies make about 1/4 of total volume of the
zone. Mean content of graphite in them is 7.0 %. Other minerals of industrial ores:
kaolinite with hydromica and other clayey impurities make 30—55 %, quartz — 30—40,
garnet — 10—15 % (concurrent mineral is extracted as separate concentrate), as well as
chlorite, feldspar relics, etc. Size of graphite flakes from < 0.1 to 2.0 mm, 0.25 mm
ones prevail. Graphite may be used for production of practically all the brands of
crystalline graphite: element, casting, platen, electric carbon, pencil graphite, that for
colloid-graphite and lubricant-coolant liquids, etc., including high-purity and low-ash
graphite.

The Zavallya integrated plant was the only (and almost the only) producer of
crystallite flaky graphite in the former USSR, where it had about 2000 customers
during above 50 years. The plant products were supplied to dozens of countries: Bel-
gium, Greece, Spane, Germany, Poland, Czechoslovakia, Japan, etc. After certain
production stagnation, the plant operation is renewed gradually, the deliveries to CIS
countries have been resumed. They will soon enter the world marken again.

The recent revaluation of the deposit reserves (1982) was performed on condition
of the South Bug riverbed removal. Such construction being inexpedient now, two
reserve deposits have been prepared: Balakhivka deposit in the east of Kirovograd
region and Burtyn deposit — in Khmelnytsk.

The Balakhivka deposit (Kirovograd mineragenic subprovince) is a part of a large
graphite-bearing field. Thickness of graphite-biotite greisses of Ingulo-Ingulets series
(Rodionivka suite) is deposited there in the eastern wing of the dome-like fold and
possesses essential predicted resources. But rather high thickness of the roof rocks
(80—120 km) and rich arable lands exclude the expediency of the investigation and
development of the whole graphite filed. Only its southern part with the graphite ore
occurrence depth of 28—40 m sometimes to 70 m has been studied as the 3.5 km long
Balakhivka deposit.
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The brown-coal profile has recently ended its work near the deposit southern
margin; its has opened here and there the crust of weathering of productive graphite-
containing rock mass. A new enterprise is organized with the use of coal-profile site as
well protected brow-coal mine and railway track which connects them (State holding
company "Olexandriyavugillya").

As to its composition, technological properties and graphite quality the deposit
ore is analogous to that from Zavallya that is proved in trials with laboratory-techno-
logical and half-industrial samples. According to the major technological plan (grind-
ing, flotation and tertiary treatment of the concentrate) high-quality concentrates of
the platen, element and fusion graphite and its other brands with ash content below
0.2—0.5 % have been obtained. Besides, it is proved possible to use efficiently graphite
concentrates with high ash content (10.3—37.5 %) without additional treatment. High
quality articles have been manufactured: 1) silicified products for operations in highly
abrasive and high-corrosion media (lining plates, seal rings, spraying nozzles, etc. for
concentration plants, chemical enterprises ...); 2) workpieces for industrial electric
brushes and domestic electric motors; 3) articles of thermally-extended graphite (heat
protective material for space equipment powder metallurgy, heat-resistant foil, rubber,
textolith, etc.); 4) additional nonstate investments are required to intensify the enter-
prises development.

About 20 km southwards of Balakhivka there is the Petrivka deposit where the
graphite branch in Ukraine has originated. The deposit was developed in 1870—1917
and in 1925—1941. According to evaluations of 1939 and 1958 this is a small deposit of
ordinary ores of the type of Zavallya, but it has not been delineated and, thus, its scales
have not been evaluated.

The Burtyn deposit (Volyn mineragenic subprovince, Burtyn graphite-bearing
field — 1.5) is distributed between Shepetivka (Khmelnytsk region) and Novograd-
Volynsky (Zhitomyr region) on poor arable and partially nonarable lands.

In the wing of large anticline of the north-western strike, the productive rock mass
has been squashed into the inverted syncline secondary fold. Having some structure
complications, the deposit is traced at a distance of 24 km and is separated into 4
sections. The Gorodnya and Maidan — two 7.0 km long north-western sections are the
most promising and investigated ones. They are separated by the protected railway
zone, which crosses the deposit. The thick productive rock mass (Gorodnya section —
350—400 m; and Maidan section — 1000 km) creates an asymmetrical syncline with
more steep suspended wing (the angle of dip 65—80° to the north-east). Ore bodies
compose the greater part of the rock mass.

The ore composition and technological properties are analogous to that from Zaval-
lya; mean graphite contents in the mentioned sections are 7.39 and 6.43 %, respective-
ly. Reserves and resources have been evaluated to the depth of 150 km (mean thickness
of the cover rocks — 14 m). Each of two investigated sections is a large graphite
deposit, distributed in favourable geographic and geologic conditions. About 100 graphite
manifestations are known in the Burtyn graphite-bearing region. They occur in the
same rock mass of the Teteriv series as Burtyn deposit.

Prevailance of granitoids in the USh basement and broad development of the crust
of weathering have determined considerable expansion of primary kaolin and products
of its redeposition — secondary fire-resistant kaolins. Then the USh is the kaolin
province of the world importance. It was there, that the kaolin branch of tzarist Russia
industry was founded: the Dubrivka deposit with primitive quarrying in the early 19th
century; industrial quarrying in the Prosyane deposit — from 1898, in the Turbiv de-
posit from 1912 [4]. About 80 % of the All-Union volume were produced in the USh
in the Soviet times; prospected reserves — 70 % [4].

Nowadays, 25 deposits with total prospected reserves above 300 mill. t of primary
and alkali kaolin are known there. Total resources of the USh are evaluated as 40.000
mill. t. Fifteen deposits are being developed and six ones are prepared for operation.

The deposits and promising areas are available in all the mineragenic subprovin-
ces. The two richest kaolin regions — Podolian (Vinnytsya region and south-west of
Zhitomyr region) and Peri-Dnieper (Dniepropetrovsk region and the north of Zapo-
rizhia region). In the both regions there are great deposits of white (to cream-co-
loured) kaolin with kaolinite content 50—80 % and high yield of high grades (to 30—35
%; high and first together — 50—60 %). Kaolins of the Podolian area are characterized
by high whiteness and dispersiveness but insufficiently high mechanical strength of
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concentrated kaolin.

That is why, they are good raw-materials for paper, even of the highest grades,
and are used as additives in the procelain mixes. Kaolins of the Peri-Dnieper area are
less white and dispersive but possess higher mechanical strength and are irreplaceable
for high-grade porcelain. All the kaolins may be used in other production branches
(rubber, plastic materials, parfumes, ultramarin, etc.). Besides, the lower parts of de-
posits of the Peri-Dnieper region are composed of alkali kaolin (kaolin with essential
addition of potash feldspar). The alkali kaolins of the Podolian area form only insigni-
ficant single lenses being of no practical importance. Monazite (0.2—0.8 kg/m3) and
zircon (0.4—0.8 kg/m3) which may be extracted into separate concentrates are always
present in Podolian kaolins.

The Glukhivets and Turbiv deposits are used in the Podolian area; large Velyko-
Gadominets deposit is prepared for development. Mean yield of concentrated kaolin
from raw kaolin of the latter is (< 0.056 mm) — 59.7 %. Its whiteness (wavelength on
Zeiss leucometer is 457 pm) varies from 66.1 to 90.9 %, medium one — 82 % (most
often 80—85 %). Fine fractions prevail in its composition: < 10 um — 85.9 %, inclu-
ding < 2 um — 62.9 % at an average.

Exceptionally white concentrates, fit for filling and coating of the highest grades
of paper (98 % of the class 2 um, whiteness — 90 %) were obtained at the institute
VNIInerud (Tolyatti) and by firms "Sachtleben chemi"” and "Amerko" (FRG) by func-
tioning and chemical bleaching of ordinary concentrate.

The Prosyane deposit is developed in Peri-Dnieper area, the Bilyaivka deposit is
prepared for the use; the both deposits possess great reserves. About 40.3 % of concen-
trated kaolin is obtained from primary raw kaolin of the Bilyaivka deposit. There are
80.96 % grains of < 10 pm in the concentrated kaolin, including those of < 2 pm —
57.02 %. Whiteness varies within 48.9—92.3, medium one 84 %. After fractioning and
chemical bleaching: 98.6 % < 2 um with whiteness 88.5 %. In total reserves 23.75 %
of normal kaolins and 32.28 of alkali ones are fit for producing the highest quality
concentrate for porcelain (KF-1); all the kaolin at an average also corresponds to the
high grade KF-2 (with low contents of dangerous impurities: iron and titanium ox-
ides).

High quality and competitiveness of Ukrainian kaolins were confirmed by inde-
pendent researches in the laboratory of geological service in France and Grenoble
paper centre. According to their conclusions these kaolin are comparable with the
highest world brands of kaolins for paper coatings: "English China Clays" (England)
and "Georgia Kaolin" (the USA) [2].

Thus the most high-quality concentrates can be obtained from kaolin deposits of
Ukraine but only under selective excavation and processing of the best raw materials
and using modern perfect technologies.

Large bodies of nonmetallic almost monomineral quartzites occur in various re-
gions of the Shield. But considerable reserves and resources of condition quartzites for
metallurgy are available only in the north of the Shield — in the Volyn mineragenic
subprovince. The latitudinal Ovruch trough, that is graben-syncline of asymmetric
structure is distributed there, near the boundary with the Prypyat depression.

The rock occurrence in the south and in the centre is gentle (to 10° northwards,
sometimes 20—25°), quiet and aged. The northern edge is steep, complicated by longi-
tudinal faults (southward rock dip) with frequent zones of tectonic breccias and schists.
The depression is filled with the Ovruch series deposits of Neoproterozoic. At the
bottom — there are volcanites of mainly acid composition, at the top — quartzites of
the Tovkachi suite about 950 m thick. All the series rocks are weakly metamorphosed:
low-temperature subfacies of the green-schist facies.

The lower part of the Tovkachi suite profile (150—300 m) along the southern
margin of the Ovruch depression almost outcrops and subdivides into two series. Quartz-
ites of the lower series include thin and more thick (about 1.3—3.0 m) interlayers of
pyrophyllite schists. The upper 100, thick series is an inexhaustible source of quartzites
for metallurgy.

Quartzites are metamorphized quartz sandstones. Under low facies of metamor-
phism the regeneration quartz of cement is weaker than clastogenic grains and thus,
under grinding, quartzite cleaves between grains. In other regions of the USh, owing to
higher metamorphism, quartzites cleave as a single crystal with flinty fracture. The
obtained crushed stone and screened sands often have acute ribs and this deteriorates
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technological properties of such quartzite [6].

The Ovruch deposit of quartzites for silica brick and ferroalloys is distributed in the
south-eastern part of the depression northwards of the town of Ovruch, near the Tovkachi
passing-track. The deposit is developed from 1936 [6].

Medium thickness of productive series of quartzites without essential interlayers
of phrophylleite schists is 70 m, chemical composition of the series quartzites, %: SiO, —
96—98.7, Al,0, — 0.5—-1.8, Fe,0; — 0.2—0.70, P,05; — 0.016—0.03, TiO, — 0.03—
0.15, MgO < 0.02—0.023, CaO < 0.05—-0.11, K,O0 < 0.05, Na,0 < 0.05—0.08, BaO <
0.10, MnO < 0.05—0.12. Compressive strength in dry form 162—263.4 MPa/cm?2, vo-
lume weight — 2.63 t/m3, humidity 0.12—0.15 %.

The Ovruch and neighbouring Tovkachi deposits almost completely meet the re-
quirements of metallurgic, ferroalloy ad some other plants of Ukraine, European Rus-
sia. Their materials are often supplied to Georgia, Slovakia, Poland.

The reserves of more pure quartzites for special ferroalloy in two new deposits in
Nagoryany (28 km westwards of Ovruch) and in Mozhary (40 km) within the same
productive series have been evaluated, their medium chemical composition (I — Nago-
ryany deposit, 2 — Mozhary deposit), %: SiO, — 92.20—98.36, Al,0; — 0.66—0.73,
Fe,0; — 0.47-0.41, P,05 — 0.02—0.0116, TiO, — 0.07—0.055. Statistically, the great-
er part of evaluated reserves meets the requirements to high-purity quartzites for pro-
duction of high-grade ferrosilicium, 85 and 96 %, respectively.

Quartzites of the lower series (with interlayers of pyrophillite schists) can not be
used in metallurgy, they can only be used as broken stone for civil building. But there
are valuable pyrophillite schists as fire-resistant material (beacon burners, technical
powder for machine building) and as a good decorative stone for domestic articles.
Two deposits have been prospected: in Kuryantsi and Nagoryany. The former was
developed in 1964—1991.

The western margin of the Ovruch depression cut by faults and lower horizons of
the Tovkachian suite make large bodies within the Sushchany-Perga tectonic zone.
Considerable denamometamorphism has turned them into disthene quartzites. One
Sushchany deposit with medium content of disthene about 17 % has been previously
evaluated.

Sillimanite and staurolite gneisses are developed in most regions of the Shield, but
they almost were not studied as highly aluminious raw materials. Nepheline from Peri-
Azovian nepheline sienites is one more potential sources of aluminium; it is investiga-
ted as the accompanying mineral in rare-metal deposits.

Apatite is accompanying element of ilmenite and titanomagnetite-ilmenite ores in
the Volyn and Dnieper-Peri-Azovian subprovinces; it also occurs in the latter in car-
bonates jointly with rare metals. Apatite is characterized in detail in other papers.

Deposits of abrasive garnet with its content about 15—18 % are known is granites.
Reagentless concentration (gravitation, electromagnetic separation) was used to obtain
research lots of high-quality garnet concentrate in the Slobidka deposit (Vinnytsya
region). Promising manifestations of fluorite, which are not sufficiently studied, have
been found in the Volyn, Peri-Azovian and Kirovograd subprovinces. In the Sushcha-
ny-Perga zone these are veins of rare-earth fluorite, valuable flux raw-material used for
melting special grades of tool steel, which is proved by laboratory experiments.

The deposit of feldspar in pegmatites are observed within the Shield; they are
mainly present in the Volyn and Dnieper-Peri-Azovian mineragenic provinces. There
are 7 deposits in total, 3 of them being developed and 2 are prepared for operation. The
feldspar is mined for electroceramics and faience. Raw materials with high potassium
module and low content of iron and titanium oxides for high-quality porcelain are not
available there. The feldspar obtained by concentration of alkali kaolins is better in
quality, but its use in industry has not been organized. Fine-scaled muscovite of limi-
ted demand also occurs in the Volyn subprovince pegmatites.

Numerous unexplored manifestations of vermiculite have been found in the upper
hypergenically changed parts of the zones of biotite micas among ultrabasic rocks of
the Peri-Azovian and Middle Bug areas. Vermiculite was used in laboratory experi-
ment to produce bloated heat-and-sound-insulating material. The talc-magnesite de-
posit has been explored among hyperbasites of the Dnieper-Peri-Azovian mineragenic
subprovince; high-quality talk and magnesite concentrates can be produced from those
talc-magnesites [6]. Manifestations of fire-resistant forsterite peridotites are known as
well.
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Deposits of natural mineral pigments (red mummy, brown minimum) occur among
oxidized iron ores of Kryvbas. One of deposits is developed, two of them are prepared
for development.

Thus, the USh crystalline basement rocks and their crust of weathering enclose
numerous deposits of various nonmetal raw materials. The deposits of crystalline graphite,
primary kaolin, ornametal-trim and jewelry-semi-precious stones and quartzites for
metallurgy are the most significant ones. Independent foreign experts [9] evaluate the
situation almost in the same way.

1. Gursky D. S., Kalinin V. I., Lebid M. I. et al. Distribution regularities of deposits of hard minerals in the territory of
Ukraine // Mineral Resources. — 1998. — N 1. — P. 15—19 (in Ukrainian).

2. Gursky D. S., Roge G. Competitive kaolins of Ukraine // Ibid. — 1966. — N 3. — P. 15 (in Ukrainian).

3. Information record on the state of mineral-raw material base of semi-precious stones raw materials of the Ukr.
SSR. — Kiev: Glav. KGU "Ukrgeologiya", 1988. — 47 p. (in Russian).

4. Kaolins of Ukraine: Ref. book / Ed. by F. D. Ovcharenko. — Kiev: Nauk. Dumka Press, 1982. — 367 p. (in
Russian).

5. Complex metallogenic map of Ukraine. — 1 : 500 000: Expl. note. — Kyiv: Ukr. DGRI, 2002 (in print) (in
Ukrainian).

6. Kulish E. A., Lebid M. I., Sukhodolsky K. A. Mineral resources of Ukraine. Nonmetal mineral raw materials for
ferrous metallurgy. — Kiev: Publ. OM ITMR Nat. Acad. Sci. of Ukraine, 1993. — 77 p. (in Russian).

7. Mineral raw material base of construction materials of the Ukrainian SSR. Zhitomyr region. — Kiev: Glav.KGU
"Ukrgeologiya", 1989. — 812 p. (in Russian).

8. Facing stones of the Ukrainian SSR: Catalogue. — Kiev: Reklama, 1976. — 104 p. (in Russian).

9. O’Driscall M. Minerals of Ukraine. First steps in the world market // Industrial Minerals. — 1999.

10. Industry of biilding materials: Materials of the group of experts / Headed by I. R. Yukhnovsky. — Kyiv: Verkhovna
Rada Publ. Analyt. — Consult. Council in Econ. Probl. in Ukraine, 1999. — 139 p. (in Ukrainian).

11. Semi-precious stones of Ukraine. — Kiev: Budivelnik, 1974. — 187 p.

Ukr. State Geol. Exploration Inst. of State Geol. Service of Ministry Received 07.02.2002

of Ecology and Natural Resour. of Ukraine, Kiev

State Geol. Service of Ministry of Ecology and Natural Resour. of Ukraine, Kiev
Inst. of Environmental Geochemistry of Nat. Acad. of Sci. of Ukraine, Kiev
State Geol. Information Fund of Ukraine, Kiev

PE3IOME. B kpuctauinyeckoM GyHIaMeHTe YKPaMHCKOrO IUTa U €ro KOpe BbIBETPUBAHMsI UMEIOTCSI MHOTOUMCIICHHbIE
MECTOPOXICHHSI Pa3HOOOPA3HBIX HEMETAUIMYECKHUX MOJIE3HbIX McKomaeMbiX. Cpenu HUX Haubosiee BaXHBIMM sl
BHYTPEHHMX MOTPeGHOCTEN YKpanHbl, [Ulsl MexXrocynapctBeHHoro oomeHa B CHI™ 1 i1st BbIxoj1a HA MUPOBOW PBIHOK
SIBJISIIOTCSL. MECTOPOXAEHUS KPUCTaUTMYecKoro rpadura, MepBUYHOTO KaojWHa, NE€KOPATUBHO-OOIMLOBOYHBIX U
I0BEJIMPHO-TOEOUYHbIX KAMHEM, a TaKXe KBApLMTOB [JIs METAJUTypPIruu.

PE3IOME. Y kpucraniyHoMy byHIaMeHTi YKpaiHCbKOrO LIMTA Ta HOro Kopi BUBITPIOBAHHS € YMC/ICHHI POLOBHIIA
Pi3HOMAaHITHUX HEMeTaJIeBUX KOPUCHUX KonaiuH. Cepe HUX HalOiIbLI BAXJIMBUMMU [UTsI BHYTPILLHIX MOTpe6® YKpaiHu,
IUIst MikepxaBHoro ooMiHy B CH/I Ta juist BUXO[y Ha CBITOBMI PUHOK € POIOBHILA KPUCTATIYHOTO rpadiTy, MepBUHHOrO
KaoJliHy, J€KOPaTUBHO-03[00/I0BAJIbHOTO i I0BEJiPHO-BUPOOHOrO KaMiHHS, a TAKOX KBapLMTIB 1JIsI METATypril.
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Geological Industrial Types of Deposits of
Nonmetal Minerals of the Ukrainian Shield

Main industrial mineral deposits of Ukraine are connected with Precambrian rocks of the Ukrainian Shield. General
state of the mineral-raw materials base of nonmetal minerals in Ukraine is described. The authors have made the
revision of all genetic and industrial types of the industrial mineral deposits from Precambrian metasedimentary and
metavolcanosedimentary units (graphite, garnet, apatite, high aluminous and magnesian raw materials, carbonate
rocks, etc.), magmatic, metasomatic and hydrothermal rocks (apatite-ilmenite ores from gabbro-anorthosites, apatite-
fergusonite-pyrochlore ores from carbonatites, precious stones from pegmatites, fluorite, etc.), and products of weathe-
ring of the Precambrian basement. Geological situation, composition and total resources of the most important and
interesting deposits are given in the paper.

Introduction. The history of the use of nonmetal minerals connected with the Precambrian
formations of the Ukrainian Shield (USh) originates from the great antiquity. In Kyiv Rus’
of the 10th century, the inhabitants of Old Ovruch did not know what is "Precambrian” or
"Ukrainian Shield", but they used pyrophyllite schists mined in the town vicinities for house
building, for manufacturing the casting moulds and spinning spindles. Their experience was
soon spread all over Rus’. Early in the 19th century the deposits of iridescent labradorite
were opened in Volyn’. Its accessibility and essential reserves decreased essentially the de-
mand for Canadian labradorite which was the fashionable ornamental stone in Europe.
Later in the 19t century G. J. Osovsky detected the Volyn’ deposit of topazes, berylls and
morion which destroyed a monopoly of imported semi-precious stones and became the
pride of Ukraine.

The Zavallya deposit of graphite, kaolines, facing stone and crystalline raw materials
were detected and put in operation in the 19t century. They became not only a source of
raw materials for Ukraine but also a widely known goods of export.

General state of the raw-material base of nonmetal minerals related to the Precambrian
formations of USh. After independence restoration in 1991 Ukraine had to organize its raw-
mineral base in a new way, taking its cue from putting in production a number of available
minerals and importing the missing ones. It would be taken into account that some raw
material deposits with rather free access were left outside the country and some are almost
exhausted.

Some deposits of nonmetal minerals in USh have been brought to commercial level
and are developed now, meeting the state requirements completely or partially; the exces-
sive raw materials mined at some large deposits are exported. Some deposits have been
explored in detail: they can be put in operation in short terms and thus their production can
be used instead of the imported raw materials. There is a great number of deposits which, as
to their geological structure and ore-formation characteristics, can become the units of
industrial significance. Some of them contain traditional kinds of ores which are widely used
in industry and imported, other ones are not still used in the country, but proceeding from
the world tendencies of development of the modern equipment and technologies one can
expect that they will be soon in great demand. It is necessary to assess all the mentioned
objects as complex ore deposits containing not one or two components but as those with
complete utilization of calculated and asserted reserves including even the deposits tails.

Modern strategy of construction and development of the mineral-raw material base of
Ukraine, with regard for the present and perspective state of the world economy and indus-
try, provides for the maximum satisfaction of inner requirements at the expense of the home
deposits and gradual getting rid of the import dependence. High profitability and environ-
ment safety during the deposits development is possible only under the conditions of the
most complete mining of useful components and creation of wasteless production processes
on the basis of well-grounded investigations. Such tasks are represented in the "Conception
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Fig. 1. Location of the main deposits of nonmetal minerals in the USh. Geological districts (blocks) of the USh (roman
figures in the scheme): / — North-Western, /I — Dniester-Bug; /I — Ros’-Tikich, IV — Ingul-Ingulets, ' — Middle
Peri-Dnieper, VI — Peri-Azovian. Main massifs, deposits and occurrences of apatite-bearing alkaline and basic rocks of
the USh: 1 — anorthosite-rapakivi-granite plutons, 2 — borders between districts (blocks) of the USh. Alkali-ultrabasic
Sformation (massifs — figures in the scheme): I — Chernigivka, 2 — metajacupirangite dykes in the Western Peri-
Azovian area, 3 — Proskurivka, 4 — Antonivka, 5 — fenites of the vil. Berezova Gat’, 6 — melteigite-jakupirangites
near the vil. Gorodnytsya. Gabbro-syenite formation: 7 — Oktyabrsky, & — Mala Tersa, 9 — Pokrovo-Kyreyievo, 10 —
Davydky, 11 —South Kalchyk, 12 — Stremygorod intrusion (apatite deposit), 13 — Yelanchyk and Kalmius, /4 —
Melitopol (the formation belonging is not revealed completely). Anorthosite-rapakivi granite formation (apatite deposits
and manifestations connected with gabbroides of the Korosten pluton): 15 — Paromivka, 16 — Torchyn, 17 —
Fedorivka. Peridotite-pyroxenite-norite formation (apatite ore occurrences): 1§ — Prutivka, /9 — Kamyanka, 20 —
Goloskove. Apatite occurrences in carbonate sedimentary-metamorphic rocks: 21 — Troyanka, 22 — Kazanka, 23 —
Mangush. Garnet deposits. 24 — Slobodka, 25 — Zavallya, 26 — Zbranky pirophillite deposit. High-aluminous raw
materials: 27 — Sushchany deposit of disthene, 28 — Solomiya occurrence of sillimanite. Highly magnesial raw mate-
rial: 29 — Kapitanivka deposit, 30 — Kryvyi Rig deposit, 3/ — Rodionivka occurrence, 32 — Osypenko manifestation
of antophillite-asbestos and staurolite, 33 — Andriivka, 34 — Petrovske (Sura). Talc-magnesites: 35 — Pravda (Dniepro-
petrovsk region), 36 —Veselyanske (Zaporizhia region). Fluorspars: 37 — Bakhtyn, 38 — Bobrynets. Gem and crystal-
line raw materials: 39 — Volodarsk-Volynsky deposits. Main graphite deposits. 25 — Zavallya, 40 — Petrovo, 41 —
Troyitske

of Building-up of the Mineral-Raw-Material Base as the Foundation for Stabilizing Ukraine
Economy for the Period to 2010", approved by the resolution of the Cabinet of Ministers of
Ukraine of 9.03.1999, N 338, and "General State Program of Development of the Mineral-
Raw-Material Base of Ukraine for the Period to 2010".

These documents provide for the assessment of the basic deposits of industrial impor-
tance which can supply nonmetal raw material to the mining-chemical and agroindustrial
complexes (Fedorivka, Vydybor, Goloskove deposits of apatite and apatite-ilmenite ores)
and metallurgy (magnesite deposit in the Peri-Bug ore region, Sushchany deposit of dis-
thene, Solomiya deposit of garnet-syllimanite ores, Bakhtyn deposit of fluorspar, Central
Site of the rare-earth fluorspar of the Sushchany-Perga zone, Styla and Kryvyi Rig deposits
of flame-resistant dolomites). Resources of talc and vermiculite of both complex nickel-
cobalt (Derenyukha-Lypovenky zone and West-Lashchova and East-Lypovenky deposits)
and chrome (Kapitanka deposit) ores will be assessed as well.

Geological genetic types and main epochs of formation of nonmetal minerals of USh. Six
megablocks are traditionally distinguished within USh (Fig. 1); the deposits of magmatic,
metamorphic, pegmatite, hydrothermal-metasomatic and hydrothermal genesis of Neo-
Archean, Paleo-, Meso-, and Neoproterozoic mineragenic epochs have been predicted in
them.

The Archean and Proterozoic stratified and high-metamorphized rock masses of pri-
mary volcanogenic-sedimentary and sedimentary origin have the greatest volume among the
Precambrian formations. The deposits of high-aluminous minerals, graphite, apatite, diop-
side, wollastonite, quartzites, carbonate rocks, etc., are connected with them. Different
mineragenic specialization of primary-sedimentary rock-masses determined by differences
of chemical composition of protolite, formed in paleobasins under the change of activities of
different chemical components and CO, and Eh-pH regimens. Such deposits are characte-
ristic of the Neoarchean mineragenic epoch (3.0—2.6 Ga) and certain kind changes occur in
the later epochs. Active volcanic activity in Archean favoured formation of talc-magnesite in
primary granite-greenstone belts. The deposits of antofillite-asbestos formation in ultraba-
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Fig. 2. Scheme of geological structure of Chernigivka carbonate massif [15]:
I — Kkimberlite carbonatites, 2 — dolomite beforsites, 3 — dolomite-calcite
beforsites, 4 — alkivites, 5 — sovites, 6 — eruptive carbonatite bressias, 7 —
canadites, & — ijolites, 9 — olivinites, /0 — glimmerites, // — micaceous
peridotites, 12 — alkali pyroxenites, /3 — fenites and alkali syenites, 14 —
l country rocks (migmatites, gneisses, granites, crystalline schists, amphibolites),
9 15 — sedimentary deposits, 16 — crust of weathering, 17 — basic disjunctive
dislocations: ( @) revealed, b) admitted), /8 — cross section lines
m 3

sites [2] are also connected with them.

It was characteristic of the Paleoproterozoic mine-
ragenic epoch (2.6—2.0 Ga), that various ultrametamor-
phic and magmatic granite complexes, accompanied by
development of pegmatites and metasomatites [6], were
formed within Proterozoic mobile belts and in the activa-
9 tion zones of Archean cratons. Massifs of ultrabasic and
10 alkaline rocks with carbonatites, complex phosphoric-rare
— metal ores being related to them, were formed in the same
HEF N epoch. Complexes of gabbro-anorthosites and rapakive-
MQ granites with related deposits of phosphorus-vanadium-
s titanium (in the basic rocks) and crystalline-morion cham-
s ber pegmatites (in granitoids) of formations were formed

during Mesoproterozoic mineragenic epoch (2.0—1.7 Ga)
as a result of broad-scale processes of activation and rif-
togenesis in the framework of mobile belts. Neoprotero-
zoic mineragenic epoch with typical deposits of vein quartz,
fluorite mineralization, quartz sandstones and pyrophil-
lite schists of Ovruch manifested at the pre-plate stage of
the platform cover formation.

During the further geological history of the Shield
residual crusts of weathering with development of apatite-
titanium, apatite-rare-earth, vermiculite and kaolinite for-
mations [4] were formed within the borders of different
blocks. Availability of significant components in the basement rocks was decisive for
the arising of each of this formation deposits.

Industrial kinds of deposits of nonmetal minerals of USh. 1. Raw materials for
chemical industry and agriculture. Above twenty apatite deposits and ore manifes-
tations [10, 14, 21] related to gabbro-anorthosite complexes, carbonatites, metamor-
phic rocks of protosedimentary origin, albitites and to residual crust of weathering have
been detected within USh. Stremygorod deposit of complex phosphorus-vanadium-
titanium-rare-metal ores (Fig. 1) are prepared for operation today.

The Stremygorod deposit is confined to one of the last phases of composite-
structure Mesoproterozoic Chopovychi massif of gabbro-anorthosites, localized within
the Korosten' pluton [10, 14]. The ore body is lenticular, oval in a plan, 2.3 x 1.0 km
in size, built up by gabbro-troctolites. It was traced at the depth of 1400 m. Central
part of the ore body is filled with troctolites and plagioclase peridotites which are
gradually substituted by leucotroctolites, gabbro, gabbro-monzonites and gabbro-peg-
matites in the direction towards periphery. Ores are impregnated, more rich (P,O5 —
4—5 %) in the centre, more deficient (P,O5; — 2.5—4 %) in the middle parts and poor
(P,O5 — 2.5 %) in the marginal parts. Such a substitution of densely- and middle-
impregnated ores by their poorly-impregnated varieties is traced at the depth up to
complete mineralization disappearance in andesites and monzonites. Apatite (F-apa-
tite) is concentrated in the intergrain space in a form of dipyramidal-prismatic crystals
of 0.3—4.0 mm, creates the aggregate concentration with ilmenite and occurs in a form
of fine (0.06—0.5 mm) inclusions of hexagonal-prismatic crystals in olivine and il-
menite. As to total reserves and predicted resources of the associated apatite the Strem-
ygorod deposit belongs to medium-sized ones with poor (P,05 — 3.15 %) ores and
satisfactory enrichment.

The Chernigivka (Novopoltavka) deposit of apatite fergussonite-pyrochlore ores is
a linear Mesoproterozoic massif [15], occurring in a form of the zone subconformable
with metamorphic rocks of the West Peri-Azovian (Paleoarchean) series enclosing it.
The zone is 12—15 km wide and above 4 km thick. The massif is composed by the
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Fig. 3. Scheme of geological structure of Zavallya graphite deposit [25]. The Bug series of Neoarchean: 1 — predomi-
nantly calciphyres and marbles, 2 — mainly plagiogneisses, more rarely crystalline schists, 3 — quartzites (a) and garnet
(garnet biotite, garnet-sillimanite) gneisses (b), 4 — stratiform lodes of graphite ores or graphite zones with approached
lodes. The Dniester-Bug series of Early Archean: 5 — gneisses. Early Precambrian magmatic, ultrametamorphic metaso-
matic formations: 6 — migmatite-granites and migmatites (a), charnokites (b), 7 — granites (a), serpentinites (b); & —
disjunctive dislocations (frequent dotted line — predicted); 9 — linear borders of lithofacies («) and ore-bearing zone
(b) with approaching consedimentational disjunctive dislocations (graphite ores and carbonate ores within its borders
are drawn conditionally); /0 — boring profiles (@) temples (b) and mine (c)

complex of apatite-bearing carbonatites, alkali and nepheline syenites (Fig. 2). In the
axial part of the massif carbonatites make up 9 large and 7 smaller lenticular bodies
30—140 m thick and 300—4000 m long. They are steep eastwards with echelon alterna-
tion. Nepheline and alkali syenites are substituted by quartzless and quarts fenites
towards the periphery. Fenites transfer gradually into gneiss-magmatite rocks. Isotope
composition of carbon (8§13C from —8.1 to —4.3, medium —6.2 %o, PDB), oxygen
(8180 from 5.8 to 11.1, medium 8.2 %o, SMOW) and strontium (87Sr/36Sr = 0.70125)
is typical of classic carbonatites and evidences for the deep-seated source of substance
in them. Age of carbonatites is 2090 Ma (U-Pb zircon method).

Ores (impregnated, vein-impregnated, schlieren-like) are represented (%) by cal-
cite (84), apatite-calcite (10—15) and apatite-pyroxene-feldspar (about 5) varieties [10,
14, 15]. Major minerals are as follows, %: calcite 30—62, flogopite (biotite) 18—30,
apatite 7—12, monocline pyroxene about 14, and secondary minerals are represented
(in %) by olivine (about 3.5), magnetite (1—6), sulphides, graphite. Cerium fergusso-
nite, pyrochlore, hatchettolite, columbite, monazite, badeleite and zircon are accesso-
ry minerals. Apatite is present in all varieties of the rocks, but most of all in carbon-
atites.

Thickness of ore bodies reaches 20 m, and their extension up to 800 m. Residual
crust of weathering is developed in the deposit and thus, two types of ores are distin-
guished: dense (original) and loose (crusts of weathering) rocks. Dense rocks make up
the basic part of rocks and are represented by calcite (60—70 %) and dolomite-calcite
(5 %) carbonatites. Their composition is permanent in quality, but varies in quantity.
The deposit ores are overlapped by sedimentary Meso-Cenosoic rocks (medium thick-
ness 66 m).

Positive reserves of the Stremygorod and Novopoltavka deposits compose
79.1 mill. t P,O5under annual demand of the country 2.3—2.8 mill. t P,Os, thus they
can become a basis of agrochemical industry. Above ten deposits and occurrences of
apatite-titanomagnetite-ilmenite and apatite-ilmenite ores, the crust of weathering being
often formed on them, are known within the Korosten complex besides the Stremygo-
rod deposit.

A number of apatite manifestations (Tymoshivka, etc.) bound to apatite-chlorite-
albite metasomatites formed on migmatized crystalline schists and biotite, amphibole-
pyroxene gneisses have been found in the exocontanct of Korsun’-Novomyrgorod plu-
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ton. Ores of this new formation of apatite-bearing albitites [21, 10] are sometimes rich,
but total reserves of P,0sin such sites are inconsiderable because of inconsiderable
dimensions of ore bodies.

Apatite bearing and oreless calciphyres form rock masses 80 m thick and are
usually interlayered with garnet and graphite gneisses, amphibolites, crystalline schists
and rarely with pyroxenites in the Peri-Bug area and apatite manifestation Troyanka
(Golovanivsk fault zone). Major minerals of calciphyres are carbonates, forsterites,
diopside, spinel sometimes amphibole and phlogopite. Apatite content reaches 15 %.
Ore bodies (medium content of P,O; — 3.7 %) are confined to separate horizons of
carbonate rocks. Isotope content of carbon (813C from 5.6 to 10.1, mean 8.2 %o,
PDB), oxygen (8130 from 17.8 to 22.1, mean 20.5 %o, SMOW) and strontium (87Sr/
86Sr = 0.70502) in carbonates evidences for their primary-sedimentary origin. Age of
amphibole from amphiboles interbedded with calciphyres is obtained by K-Ar method
is 2400 + 50 Ma.

In Ingul-Ingulets region apatite-bearing calciphyres of Kazankivka zone [20] 10 m
thick enclose about 15 % of apatite. Diopside, forsterite, serpentine, flogopite are
always present in them besides apatite and carbonate.

Isotope composition of carbon (§13C from 2.5 to 5.9, mean 4.6 %o, PDB), oxygen
(8180 from 17.2 to 28.1, mean 20.1 %o, SMOW) and strontium (37Sr/3¢Sr = 0.70570)
in carbonates is close to the values characteristic of the Troyanka manifestations.

Apatite manifetsations are also detected in Neoarchean and Paleoproterozoic for-
mations in the region of the Mangush deposit [8] in Marmurova site in the bodies of
apatite-bearing pyroxene-flogopite calciphyres, where P,0; sometimes varies within
0.92—4.6 %. Manganese, barium and phosphorus mineralization (P,O5 — 3.5-3.9 %)
have been detected in the Kalaitanivka and Temryuk manifestations in Paleoprotero-
zoic rocks of gondite (kodurite) formation.

Industrial objects in the above and similar apatite manifestations in metamorphic
protosedimentary rocks of the Shield have potentially low contents of P,Os, but owing
to considerable amount of ore bodies, simple mineral composition and simple enrich-
ment of ores by direct flotation they may be developed as complex deposits with the
extraction of diopside, carbonates, etc., besides apatite concentrate.

2. Mining raw material. G ar n et related to garnet-enclosing granites and
gneisses [11] is considered in Ukraine as abrasive raw material. About ten promising
sites with garnet content from 5—7 to 12—15 % have been found in the Peri-Bug block,
in the upper part of the South Bug River among the fields (20 x 30 km) of biotite-
garnet granites and migmatites.

The Slobidka deposit [4], which is the part of granitoid massif, is the greatest
among them. Its ores are composed by almandine (mean content 15.2 %) quartz,
feldspar and accessory minerals — ilmenite, magnetite, pyrite, zircon, rutile, apatite.
Almandine-biotite gneisses occurring in a form of bands and lenses 1 km long and 1—
2 up to 100 m thick, are the potential source of abrasive raw materials in the central
part of USh. Garnet content in them reaches 20 %. Garnet bound to the rocks associ-
ated with graphite ores of the Zavallya quarry is one more important source. Their
reserves reach the industrial level.

Above 50 deposits and occurrences of vermiculite known in Ukraine are
concentrated in the Middle Peri-Bug area, Orikhovo-Pavlograd zone, Peri-Azovian
area [22, 26]. When speaking about vermiculite, production engineers mean not only
vermiculites themselves but also hydromicas, which swell when heated quickly with
their volume increase more than 20 times. Vermiculite occurrences in the Peri-Azovian
block developed under formation of the crust of weathering of peridotites, pyroxenites
and serpentinites with thickness of 2—30 m are the most promising and well studied.
Vermiculite content in them is from 6.2 to 20.0 %. Thickness of outcropped rocks
varies from 5 to 22 m. The prospected deposits Kamyana Mogyla and Andriyivka with
mean content of vermiculite 12—25 % are available in the district. In the Kryvyi Rig,
Peri-Bug and Volyn’ areas vermiculites are confined to biotite and amphibole gneisses
and micaceous migmatites.

About 100 graphite deposits and occurrences [7, 25] are known in Ukraine.
They form four large graphite-bearing districts: Berdychiv, Peri-Bug, Kryvyi Rig and
Peri-Azovian ones, which total reserves are 7.9 mill. t. Within each of the USh blocks
graphite deposits and ore occurrences are confined to several stratigraphical series,
beginning from the Archean; they are mainly related to biotite and aluminous gneisses
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and schists, though graphite occurs and is ordinary both in granitoids, calciphyres,
marbles, ferrugineous quartzites in metasomatic and other formations.

In the Dniester-Bug block small graphite occurrences are connected with forma-
tions of the homonymous series; and the greatest in Ukraine Zavallya deposit of graph-
ite is arranged in the biotite, plagioclase-biotite and garnet-biotite gneisses of the Bug
series. The integrated plant is potentially provided with raw-material for 100 years,
however there are no active reserves, though similar Zarichne deposit has been pros-
pected at a distance of 2 km from the above plant. In the North-Western block gra-
phite concentrations are confined to gneisses of the Teteriv series, where Burtyn de-
posit is of industrial importance. Paleoproterozoic biotite, sillimanite-biotite, plagio-
clase, chlorite gneisses and schists from the Kryvyi Rig and Ingul-Ingulets series, the
basic graphite deposits and occurrences of Petrivka group [8] being localized in them,
are main concentrators of graphite in the Ingul-Ingulets district and Middle Peri-
Dnieper area. In the Peri-Azovian block the deposits of graphite occur in Paleoprot-
erozoic gneisses of the Central Peri-Azovian series. The Troitske, Sachky and Glodove
depo-sits distributed in the basin of the Berda River and its tributaries are the major
among them. Graphite-enclosing rocks also occur in other districts: in the basin of the
Kalchik and Temryuk Rivers (Old Crimea and Temryuk deposits) as well as in the
rocks of the Mangush, Korsakian and Kuksungur magnetic anomalies.

The deposits of graphite formation in gneisses and their crust of weathering are
bound to graphite schists and gneisses and characterized by the stratal or lenticular
form and are confined to the synclinal folded structures. Ore bodies are very thick and
extended. Ores are composed by coarse-scaled graphite and belong to industrial type of
crystalline graphite ores. Contents of graphite-carbon in the ore makes up 3.2—10.7 %.

The Balakhivka deposit in the Kirovograd region has reserves on the wings preli-
minary assessed as those with 163.3 mill. t of ore with mean graphite content 5.3 %;
the evaluation of the Mlynok deposit with very rich graphite content (12—15 %), is
provided; this exceeds considerably its ore content in the Zavallya type ores.

Isotope content of carbon in graphites from the gneiss deposits (Zavallya, Burtyn,
Temryuk) evidences for organogenic-sedimentary source of carbon (813C from —23.1
to —31.5 %o, PDB). At the same time graphite from the Petrivka deposit (Ingul-
Ingulets district) as to its isotope characteristics corresponds to decarbonatized carbon
(813C from —8.1 to —12.9 %o, PDB [12]).

Feldspar isconnected with ceramic and micaceous pegmatites [3] widely
distributed in different USh blocks. They are groupped into 33 pegmatite fields, hun-
dreds and thousands of different-size bodies being counted within them; and this is the
source of the feldspar raw materials. The most important fields are distributed in the
Zhitomyr, Zaporizhia and Rivne regions (deposits Balka Velykoho Taboru, Bilchaky,
Girske, etc.).

Pyrophyllite depositsare concentrated in the Ovruch (Neoproterozoic)
series in the North-West of USh [3, 18]. Two deposits are known in the district:
Zbranky and Nagirne ones. Schists of the Zbranky deposits are connected with the
Tovkachi suite of sandstones and quartzites, where they occur in the form of lenses and
0.7—2.6 m thick interbeds. They are mainly composed by pyrophyllite, quartz, sericite.
The authors have distinguished: 1) schistose, rosy (upper beds); 2) dense, high-quality,
dark-rosy (crimson-coloured) with light imprequations (central bed); 3) dence, red-
brown or violet (lower beds) texture-morphological varieties of pyrophyllite. Pyrophyl-
lite laths are usually 0.05—0.1 mm long, but the length of white varieties reaches 0.5—
2.0 mm. Cryptocrystalline pyrophyllite aggregates (agalmatolite) are widely distributed
in the deposits.

3. Non-ore raw materials for metallurgy. Andalusite-, disthene-,
sillimanite-enclosing (5—45 %) quartzites, schists and gneisses are
considered in Ukraine as the source of high-aluminous raw materials. They occur as
concordant lenses or rather extended (about 15 km) and 1—125 m thick beds. Neoarchean
and Paleoproterozoic rock masses of the Peri-Bug and Peri-Azovian (sillimanite), Pa-
leoproterozoic stratified complexes combined with iron-ore formations of the Kryvyi
Rig-Kremenchuk zone (andalusite, sillimanite) and Neoproterozoic rocks (Ovruch se-
ries) of the Sushchany-Perga zone (disthene, andalusite) are most large-scale and pro-
mising for industrial development [4, 19].

High-aluminous disthene- and andalusite-enclosing quartzites have been detected
in the Sushchany-Perga tectonic zone in the band of development of Sushchany quartzites
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and schists of the Ovruch series. Here, in the composition of 0.5—1.5 km thick meta-
morphic rock mass the authors of [4] distinguish 1) quartz-micaceous schists (the
oldest rocks of the series), 2) quartzites, 3) quartz-chlorite-muscovite schists with ap-
atite (up to 10 %). Quartzites are presented by dark-grey, greyish-brown, light-brown,
variegated often lenticular-striated and rosy varieties which substitute each other in the
cross-section. Disthene content in dark-grey, fine- and medium-grained quartzite does
not exceed 15 %.

Dark-grey-brownish, rarely reddish andalusite-disthene quartzites of schistose tex-
ture are the main ore variety. Disthene occurs in the form of extended prismatic crys-
tals (form 0.1—0.75 to 1.5—5.0 mm) chaotically scattered in the rock, distributed as a
chain of different-size crystals, fine-aggregate accumulations or creates brownish sheaf-
like aggregates of irregular tabular individuals. In stratified schists the disthene grains
are of lenticular shape. It often composes almost monomineral 2—3 mm thick layers.
Disthene is often concentrated in the boundary of inequigranular layers. Quartz, dis-
thene, muscovite, sometimes potassium feldspar and sillimanite are main minerals in
the rock. Reserves of 5 mill. t are predicted in the area of primary development of the
deposit.

The Solomiya occurrence [4] in the Peri-Bug area is distributed in the northern
part of the Khoshchuvate-Zavallya structure within the Solomiya anticline of longitu-
dinal strike. Rosy migmatites occur in its nucleus, and the wings composed by sedi-
mentary-metamorphic rocks are interbedded with lit-par-lit bodies of granites and
charnokites. Biotite-garnet-sillimanite gneisses are developed both in the wings and in
the anticline catch and occur among charnokites and granites. They are 50 m thick in
the northern wing and 30 m thick in the southern wing. Gneiss rock mass includes
about seven 1—10 m thick layers of sillimanite varieties, which are interbedded with
charnokites and quartzites. Gneisses are composed by quartz, garnet, feldspar, biotite,
sillimanite and accessory graphite, zircon, rutile. Sullimanite occurs in the form of
colourless prismastic, sometimes with rhomboid cross-cuts, crystals of 0.1—1.0 mm.
The ratio between the width of prismatic crystals and their length varies between 1 : 1
and 1 : 12. Two mineral generations are available in gneisses: 1) fine prismatic crystals
included in quartz, biotite and garnet grains; 2) coarse tabular crystals distributed in
the intergrain fissures or are confined jointly with garnet to certain interlayers. Content
of Al,0; in the analysed samples makes up 20.56—39.50 %, and that of SiO, — 41.11—
72.73 %. Reserves of 10 mill. t — are predicted in the primary area of development.

The source of highly magnesian raw materials are serpentinites developed in ultra-
basites of the Archean age, 23 deposits of silicate nickel [3] have been prospected in
their crusts of weathering with different degree of detailedness in the Middle Peri-Bug
area (Tarnuvate, Kapitanivka) and Middle Peri-Dnieper area (Ternivka, Karnauchiv-
ka, Sukhyi Khutir). They build up the massifs with the area of 10—12 km?2 and finer
dykes and bodies. Nickel ores form separated lodes of sheet-like form 1—1.5 km long,
200 m wide; the depth of occurrence in 70—80 m, mean thickness 5 m. In the Middle
Peri-Dnieper area the most significant deposits of such type are connected with the
crusts of weathering of ultrabasites of the zones of latitudinal faults (Delvadove tecton-
ic zone). The deposits in the Sura and Chortomlyk structures are of less importance.
Magnesial ores with platinoids have been assessed within the Tarnuvate deposit of
silicate nickel in the Peri-Bug area. They are represented by apodunite serpentinites
containing 43 % of magnesium oxide, 0.35 % of nickel (silicate form). Such ores are
prospected in the Baltic Shield in Russia (Burakivsk-Aganoozersk deposit). Promising
resources of magnesial ores with platonoids in the Tarnuvate deposit at the depth of
200 m compose 546 mill. t. Talc rocks [3] are widely distributed within the Kryvyi Rig
iron ore basin. Total length of talc horizon is 100—120 km with thickness from 10 to
200 m, depth of occurrence 75—500 m. Rodyonivka occurrence of highly magnesial
hyperbasites which can be natural raw materials for fireproof materials have been found
in the Western Peri-Azovian area (Soroky tectonic zone). Predicted resources of this
section compose 250 mill. t.

Antophyllite-asbestos manifestations in the territory of Ukraine are
known in the Middle Peri-Dnieper area in connection with hyperbasites, and in the
Western Peri-Azovian area they are genetically and spatially confined to metaultraba-
sites which form lenticular bodies of low thickness and extension among the rocks of
the Archean gneiss-migmatite complex within the Osypenko, Kuybyshev and Petrivka
sections [2, 9].
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The Osypenko occurrence mineralization is confined to the body of ultrabasic
rocks 4.5 km long with a southward and south-eastward steep dip at an angle of 72—
86°. It occurs conformably on the contact of amphibolites and biotite, garnet-biotite
and garnet-staurolite-biotite gneisses. In the left bank of the Berda River the 30—90 m
thick and 500 m long is made up with chlorite-tremolite, chlorite-actinolite and chlo-
rite-carbonate-antophyllite rocks. In the right bank of the Berda River the 20—170 m
thick body of changed ultrabasites is represented by chlorite-carbonate-antophyllite,
chloritized and carbonatized olivine-chrysotile-antophyllite rocks, chlorite-carbonate-
tremolite, chlorite-talc-chrysotyl-carbonate-antophyllite, chloritized and carbonatized
olivine-chrysotile-antophyllite rocks, chlorite-carbonate-tremolite, chlorite-talc-chryso-
tile-carbonate and carbonate-talc rocks. Asbestiferrous bodies are of ribbon or lenticu-
lar shape and dimensions from 10 x 20 to 4 x 50 m. Asbestiform rock is mainly com-
posed by antophyllite, carbonate and talc and, to the less extent, by chlorite and anto-
phyllite-asbestos. Fibres are mainly short (0.25—0.5 mm, sometimes about 2 cm), fibre
content is low — 0.01—1.5 %, acid resistance 93—94 %. Asbestos is developed in anto-
phyllite and contains residues of its crystals. Vein ores have longitudinal- and trans-
verse-fibrous structure. The former is characteristic of the veins with thickness about
0.3 m and extension to the first metres and confined to tectonic fissures and chlorite-
carbonate-tremolite and chlorite-carbonate-antophyllite rocks. A 60 m long vein is
contoured in the site centre. The fibre lenght is 2 cm, content 35 %. Acid resistance of
asbestos is 94—95 %. The latter variety occurs rarely.

In the Kuybysheve asbestos occurrence chlorite-chrysotile-tremolite, essentially
tremolite rocks, chlorite serpentites, hornblendites and actinolites form lenticular bo-
dies, which are 15—500 m long and 1—150 m thick and occur concordantly in inten-
sively migmatized biotite gneisses. Gneisses enclose 3 m thick veins of coarse-grained
and pegmatoid granites. The body dips are south-westward at an angle of 70—80°.
Massif and lode rocks are developed.

Asbestos occurrences of the Petrivka massif in the Sura district of the Peri-Dnie-
per area are confined to the band of hyperbasites (serpentinites, talc-carbonate, talc-
chlorite, talc-chlorite-antophyllite rocks) 0.4—40 km wide. They have been traced for
40 km in the north-western wing of the Sura brachysyncline composed by sedimenta-
ry-volcanogenic formations of Konka-Verkhivtsi series. The Pravda, Pavlivka and oth-
er massifs are concentrated in the band. In the Varvarivka occurrence of asbestos in the
zone of serpentinites grinding the asbestos content is presented by reticulated veins of
chrysotile-asbestos of transversal-fibrous structure with fibre length about 5—6 mm.

The depositsof talc-magnesite areknown in the southern and south-
eastern (Middle Peri-Dnieper structure metallogenic zone) parts of USh. There is also
the prospected Pravda deposit (Dniepropetrovsk region) and Vesele (Zaporizhia re-
gion) deposit promising for exploration of talc-magnesite and carbonatized serpen-
tinites [22]. They are fit for metallurgical industry and can be reprocessed into the
forsterite fireproof materials, their raw materials being brought from Russia and China.
In the Bilogiria deposit of talc-magnesite the isotope composition of carbon (§13C =
—2.0 %o, PDB) and oxygen (530 = 15.8 %0, SMOW) in carbonates evidences for
participation of metasomatic dissolutions in their formation.

The Pravda deposit is characterised by the compact occurrence of ore in the area
of 0.3 km?; it is prospected at the depth of 160—180 m under the overburden thickness
from 5 to 34.6 m. The confirmed explored reserves make up 105.1 mill. t, talc-magne-
tite composing 55 %, while carbonatized serpentinites — 45 %. Promising resources in
the area adjacent to the deposit at the depth of 170 m are assessed as those of 500 mill. t
in the category P,. The Pravda deposit is composed by the Precambrian crystalline
rocks, their crust of weathering and the cover of Cenozoic rocks. The productive rock
mass looks as stratified deposit of north-western strike 800 m long, 150—350 wide and
100—180 m thick; it steeply dips to South-East (60—80°). In the central part of the
deposit there is a band of unconditioned rocks 10—45 m thick which divides the rock
mass into two blocks — the South-Western and North-Eastern ones. The cover thick-
ness is 6—35 m. Raw materials are of high quality and can be used for production of
forsterite fireproof materials, high-quality magnesite and talc concentrates.

Talc-carbonate metasomatites and listvenites in the Verkhivtsi structure (Varvarivka,
Vilni Khutory, Granivka, Mariivka, Adamivka ore manifestations). Demands of Ukraine
for talc-magnesite in 1995—2005 make up 675 thou t a year. The exploration works
within the Peri-Bug ore district (Kirovograd and Mykolaiv regions) are planned at the
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first stage.

Fluorite mineralization ofstartiform type has been detected in
the Podillia-Peri-Dnieper tectonic zone (above 50 occurrences). The Bakhtyn deposit
[5] is the most investigated one. It is represented by stratiform depositions of fluori-
tized quartz-feldspar sandstone of Olchedaevian beds of the Vendian age. Reserves of
fluorspar in the deposit make up 9.81 mill. t of ore (1.9 mill. t of fluorite) under
fluorite content 20.18 %. Promising fluorspar resources in the Bakhtyn deposit reach
181.4 mill. t of ore. As to ore quality the deposit belongs to poor ones but it is of great
industrial importance as a source of complex raw materials (associated withdrowing of
potassium feldspar and quartz sands is provided for).

Bobrynets ore manifestation of fluorite is distributed in the central part of USh
[16]. The local mineralization is confined to the zones of blastomylonites and catacla-
sites in porphyroblastic granites. Microcline-albite and chlorite-hematite-microcline
rocks with fluorite veinlets and veins and tectonic breccia with fluorite cement are
developed in the zones. The ore manifestation has the stockwork form. Fluorite con-
tent reaches 63—84 % at thickness of 2.5 m. Galenite, antimonite, chalcopyrite, pyrite,
arsenopyrite and apatite associate with fluorite. It is possible that complex fluorite-
polymetal deposit would be detected there. Promising fluorite resources in this ore occur-
rence make up 1.5 mill. t and predicted resources of the productive zone — 1.8 mill. t.
Annual use of fluorspar in Ukraine is about 95 thou t. Industrial enterprises being put
in operation the explored fluorpar reserves are sufficient to meet the country require-
ments and to refuse completely this raw material import.

Great manifestations of staurolite of industrial importance have been
discovered in the Peri-Azovian block of USh, where the strata of staurolite schists are
placed in the slate rock mass of the Osypenko series in Soroky tectonic zone [13, 16].
Four promising sites (Balka Kruta, Balka Krymska, Balka Vodyana, Sadova) have been
found there. In the central part of the zone (1.5—3.5 km wide and 35 km long) thick
strata of staurolite-enclosing schists outcrop or occur at the depth of 3—40 m. Meta-
morphic rock masses enclosing staurolite slates interbed often rhythmically. Lenticular
2—60 m thick strata are traced by 1.2—2.5 km more rarely up to 5 km. The schists
interbed with biotite, bimicaceous, amphibole, garnet, graphite, silimanite, andalusite
and other slates, marbles, calciphyres, quartzites, metagravellites, metaconglomerates,
etc.

Garnet-staurolite, biotite-staurolite, andalusite-staurolite-micaceous, and other
staurolite schists are confined, as a rule, to the lower and middle parts of the Osypenko
series of the Soroky zone. These are medium- and fine-grained well schistose rocks.
Staurolite porphyroblasts which are 0.1—4 c¢cm long and its crystal concentrations in a
form of rhombic prisms are usually distinguished clearly among grey quartz-feldspar-
micaceous mass. Staurolite from brown to dark-brown. Its crystals include great amounts
of poikilite ingrowths of micas, quartz, rarely feldspar. Composition of schists, %:
quartz — 10—25, plagioclase — 15—40, staurolite — 10—35, biotite — 10—15, sillima-
nite — 0—15, garnet — 0—15, andalusite — 0—10, muscovite — 5—15, disthene — 0—
10, accessory zircon, turmalin, cordierite.

The Osypenko deposit is confined to the area of development of staurolite schists
12—15 km long. Schists make here four contiguous strata with total thickness from 55
to 220 cm. Medium staurolite content — 19.6—21.9 %. Maximum thickness’ of pro-
ductive beds are 180—220 m at minimum thickness of cover — 0—7 m have been
registered in the sites of Kruta Balka, Sobacha Balka and Krymska Balka. The cover
thickness in the central part of the Soroky zone is 0—40 m. Predicted resources in the
category P; make up 400—460 mill. t of ore or 90—96 mill. t of staurolite at the depth
of 100 m. The enrichment is simple and economical. Wet separation and floatation
produce concentrate of 90—93 %, with extraction of 73—88 %, as well as garnet, biotite
and quartz-feldspar associated concentrates. Staurolite concentrate includes Al,O; —
45—48.3 %, with SiO, content — 35.7 %. This allows considering the deposits of
staurolite schists in the central part of the Soroky zone as a big staurolite deposit —
Osypenko [13]. Quarrying as well as the extraction of associated components are pos-
sible.

The plots of the Gulyaipole syncline, where staurolite schists are developed in the
under-ore lower schist rock mass, like staurolite enclosing rocks of Kryvyi Rig area, are
the reserve for the base expansion.

Gem (precious, semi-precious and commercial stones) and crystalline raw materi-
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als (piezo-quatz, etc.) in the market conditions can be some most profitable minerals.
These are first of all stones traditional for Ukraine: topaz, beryl, rock crystal (deposits
of chamber pegmatites of Volyn’ [3, 17]). Occurrences of emerald, aquamarine, ruby,
sapphire, garnet, amethyst and various jewellery-commercial stones have been detec-
ted. Findings of the tiger’s and cat’s eyes and nephrite in Kryvyi Rig are unique as to
their beauty.

Volyn’ pegmatites are spatially and genetically connected with rapakivi-like bi-
otite-hornblende granite of the Korosten' small pluton. They have been established in
the western endocontact granites with the rocks of basic composition and extend for 22
km along the contact under the width of 0.8—1.6 km. Pegmatites are localized in
groups the largest chamber pegmatites being in their centre, and in the periphery there
are small chamber and chamberless pegmatites. The area of these groups makes up
hundreds of thousands of square meters.

According to the data of [17] the chamber pegmatites are of zonal structure and
are divided into quartz (morion) and topaz pegmatites. Dimensions of productive zone
of free growth of crystals (cavities) are 5 x 3 x 2 m, volume 30—40 m3, some of
them — to 250 m3. On the upper wall of the cavity there are mainly large (about 7 t)
quartz crystals, and the bottom part is composed by small crystals of quartz, micas,
topaz, beryl, albite druses. The cavities are underlied by the feldspar rocks with vacu-
ities. There occur newly formed minerals: albite, siderite, fluorite, topaz, phenakite,
beryl, etc.

Green beryl with yellowish tint is formed in the cavity area in a form of hexagonal
prisms 18—25 c¢cm long and 2—10 cm thick. Beryl crystals are transparent, semitrans-
parent or turbid, slightly coloured. Light-blue beryl — aquamarine, yellow and gol-
den — heliodor occur rarely. Main mass of topaz is concentrated in cavities, the less
mass — in the leaching zone. It creates prismatic crystals, grains, aggregates. There
occur topazes with sectoral colour, wine-yellow, rosy-brown, light blue ones. Topaz
crystal of 117 kg, 82 cm long, 37 cm thick was found in the Volyn’ deposit.

Chamber pegmatites are in operation for above 60 years. Crystal-morion placers
and pegmatites in the crust of weathering were developed firstly. When kaolinized
pegmatites and placers were exhausted, the upper horizons of the deposit were put in
operation in the underground mines at the depth of 150 m.

Conclusion. Thus, the deposits of nonmetal mineral of all the leading genetic types
are concentrated within the USh. Most of them are of industrial importance and are in
operation since have prospects for development. Ores of this group of deposits can
decrease completely or to some extent a necessity for importing raw materials for
agrochemical industry and metallurgy. For other great group of objects there exist
potentialities to be used (diopside, volastonite, carbonates, veinlet quartz, etc.) as a
source of raw materials for modern technologies and equipment on condition of the
profound investigation of their substance composition and elaboration of the newest
methods of dressing.
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PE3IOME. OnucaHo obliee COCTOSIHUE MUHEPaTbHO-ChIPbEBOi Ga3bl HEMETAUIMUECKHUX TMOJIE3HbIX MCKOMAaeMbIX B
Ykpaune. CaenaHo 0000LEHME BCEX FEHETUYECKUX M MPOMBILUIEHHBIX TUIIOB MECTOPOXAEHUI HEeMETALIMYECKUX
MOJIE3HBIX UCKOIMAEMBbIX U3 TOKEMOPUIHCKMX METAOCATOUHBIX U METAaBYJIKAaHOT€HHO-0CAIOYHbIX ToLl (rpaduT, rpaHar,
araTuT, BBICOKOTJIMHO3EMUCTOC U MarHe3najibHOE MUHEPAJIBHOE ChIPLE, KapﬁOHaTHbIC ImopoAbl U T. )1,), MarMaTu4yeCcKmx,
METAaCOMaTUYECKUX U TMAPOTEPMAJIbHBIX MOPOJ (anaTUT-WIbMEHUTOBbIE PYAbl U3 rabOpO-aHOPTO3UTOB, amaTUT-
GbeprycoHUT-NMPOXJI0POBbIE PYy/Ibl U3 KAPOOHATUTOB, IPArolleHHbIE KAMHU U3 MErMaTUTOB, (OJIIOOPUT U T. [I.) U KOPbI
BbIBETPUBaHUs JoKeMOpuiickoro dyHaameHTa. [IpuBeeHbl XapaKTepUCTUKU T€0JI0rMYeCKOro MOJT0XEHUs!, COCTaB U
obuire 3anacbl HanboJIee BAXXHBIX U MHTEPECHBIX MECTOPOXAECHUI.

PE3IOME. OnucaHo 3arajibHMii CTaH MiHEpaIbHO-CUPOBUHHOI 6a3u HEMETATiYHUX KOPMCHUX KOMAJIMH B YKpaiHi.
Y3arajbHEHO BCi T€HETWYHi i MPOMUCIOBI TUIM POAOBMIL HEMETATiYHUX KOPUCHUX KOMAIMH i3 1OKeMOpiiicbKux
META0Ca0BUX i METaBYJIKAHOTEHHO-0CaJ0BUX TOBILL (rpadit, rpaHar, arnaTuT, BUCOKOIIMHO3EMUCTA i MarHesiajibHa
CHUPOBMHA, KApOOHATHI MOPOAM TOLLO), MArMaTUYHKMX, METACOMATUYHKX i TipOTepMaJIbHUX MOPiJ (araTuT-iTbMEeHITOBI
PYyAM 3 rabpo-aHOPTO3MTIB, aMaTUT-(HEPryCoHIT-MipOXJI0POBi pyau 3 KAPOOHATUTIB, JOPOrOLiHHE KaMiHHSI 3 IErMaTUTIB,
GuroopuT TOWIO) i KOPU BUBITPIOBaHHS AOKeMOpiiicbkoro dyHaaMmeHTy. HaBeneHO XapaKTepUCTUKY TIe€OJOriyHOro
TMOJIOXKEHHSI, CKJIaJ i 3arajibHi 3armacy HalBaXJIMBIlLMX i LiKaBUX POIOBULIL.
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Basic Features of Early Precambrian
Tectonics of the Ukrainian Shield

Six first order blocks or megablocks are distinguished in the recent structure of the Ukrainian Shield basement: Volyn,
Podolian, Bug-Ros, Kirovograd, Peri-Dnieper and Peri-Azovian blocks as well as the Volyn-Polissya volcano-plutonic
belt. The basis of the megablock floor structure is made up by Early Precambrian stratigraphic series, belonging to four
types of metamorphic complexes: granulite-gneissic, amphibolite-gneissic, greenstone metavolcanic and essentially
metallitogenic ones. These complexes have various formation composition and jointly with granitoids substituting them
and breaking through them, form structural floors of the megablock, combinations of the former serve for distin-
guishing the latter. Distribution regularities of different types of metamorphic complexes in the shield block structure
permit distinguishing two large stages of geotectonic evolution in the Early Precambrian history of the Shield forma-
tion: the stage of indistinct (pre-geoblock) differentiation during Paleo- and Mesoarchean periods, and the state of
distinct geoblock differentiation which embraces the period from Late Mesoarchean to Paleoproterozoic, inclusive.
Protoliths of stratigenic granulite-gneissic and amphibolite-gneissic complexes were consequently formed during the
first stage; the greenstone and essentially lithogenic metacarbonate-terrigenic (gneiss-schist) and ferrougineous-silice-
ous-schistose complexes during the second stage.

The Ukrainian Shield (USh) is the great outcrop of basement formations of the East-
European platform in its southern part. It is a part of the so-called Ukrainian-Voronezh
geoblock of the basement [2]. The total area with natural outcrop of the basement comple-
xes makes up about 140 000 km? and jointly with the slopes on the borders, limited by the
so-called boundary faults [3], embraces about 260 000 km?2.

The favourable geographical position of the USh, its rather good parting which allows
the investigation of direct relations of most different-age complexes, and profound geophy-
sical researches have introduced the USh into the group of the most studied regions of the
Lower Precambrian development. A rather substantiated stratigraphic scale of the Shield has
been developed, it has been investigated in detail in respect of geochronology, petrography
and geochemistry. The Shield is characterized by high level of dissection by geological
formations [7], it is provided by serious geological cartographic materials of general, regional
and more detailed scales.

All stated above favours the elaboration of substantiated notions of tectonic structure
and geotectonic periodization of the history of development of the USh, though the prob-
lems of geodynamics and formation conditions of the major substance complexes are still
under discussion as they are for the whole Early Precambrian.

General problems of tectonics of the USh and its separate problems were developed
during the whole history of the region investigation and depended completely on the level of
its study and dominating geotectonic ideas of the corresponding time [1, 4—6, 19, etc.].
Contribution of certain researchers to knowledge of tectonics of the USh and its represen-
tation on the maps have been considered in a number of publication [3, 9, 19, etc.) and this
releases us from a necessity to dwell on these questions. At the same time, it would be
mentioned, that notwithstanding the great number of developments of tectonic trend, there
is still no general picture of the structure of the USh and its main regularities and, there is a lot
of divergences in the concepts of different researchers of this region concerning geotectonic
periodization.

The concept of the Shield block structure and statement on existence of geological-
structure peculiarities of the first-order blocks, or megablock [6], as they are mainly called,
can be considered the generally accepted fact. Various approaches are used to characterize
these blocks which can be determined as fold-block [6], belt-block [2], fault-block [3] ones
and which reflect correctly certain features of the megablock structure; but they are rather
oriented to representation of their individual peculiarities, than to some common features
and interrelation in the general structure of the USh. The result of such orientation is the
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Fig. 1. Basic Early Precambrian structure elements of the USh: 4 — basic elements of the fault-block tectonics (scheme
of regionning): / — Volyn-Polissya volcano-plutonic belt, //—VII — the first order blocks (megablocks) (/I — Volyn,
III — Podolian, IV — Bug-Ros, V' — Kirovograd, VI — Peri-Dnieper, VIII — Peri-Azovian). Intermegablock boundary
zones (deep-seated faults figures in circles): 1 — Sushchany-Perga, 2 — Andrushivka, 3 — Brusyliv, 4 — Zvizdal-
Zalissya, 5 — Nemyriv, 6 — Pervomaysk-Trakhtemyriv, 7 — Kryvyi Rig-Kremenchuk, & — Orikhove-Pavlograd; B —
basic geological-structural complexes (structure elements of megablocks): / — granulite granite-metamorphic, 2 —
amphibolite-granite, 3 — greenstone (metavolcanogenic); 4 — gneiss-schist (@) and ferruginous-silencious-schistose
(b), 5—7 — plutonic massifs (5 — plagio-microcline granites, 6 — anorthosite-rapakivi-granite, 7 — subalkali rock
complexes), § — volcano-plutonic associations of the Volyn-Polissya belt, 9 — volcano-sedimentary complex of the
Ovruch structure, /0 — faults (boundary-intermegablock (a), some intermegablock (b)), 11 — complex boundaries,
12 — boundary of the USh

idea of some researchers on the structure of the USh as certain variegated mix — "collage"
[4, p. 78] of megablocks. Most researchers describe tectonic structure and geological history
of megablock preferring their structure and geochronologic characteristic and neglecting
structure-stratigraphic aspects of relation between different-age complexes and substance
composition of the megablocks, and this is the principal feature of their approaches. But just
these sides of the megablocks structure give the idea of interrelation within the whole region
of geological-structure complexes and of the main regularities of the structure and develop-
ment of the USh and can be obviously used for geotectonic periodization of its history.

The work (where generally known regional stratigraphic divisions of different blocks are
used as the structure-stratigraphic ground and their substance composition is given on the
geologic-formation basis) is dedicated to just these aspects of the tectonic structure and
conclusions on their basis. To give a subsequent and complete tectonic characteristic of the
USh, it is expedient, following G. I. Kalyaev and his co-authors [6], to distinguish six blocks
(from west to east) — the Volyn, Podolian, Bug-Ros (Odesa-Bila Tserkva), Kirovograd,
Peri-Dnieper and Peri-Azovian blocks. A fragment of the "extra-block" Volyn-Polissian
volcano-plutonic Belt is distributed in the boundary north-western part of the USh. Boun-
daries of the above geostructural areas are drawn along the clear marginal linear zones,
which are mainly considered the deep-seated faults. The position and mutual distribution of
the above structure elements within the USh are shown in Fig. 1, where their general
composition is presented proceeding from the major geological-structural complexes.

Brief characteristics of the blocks are presented below as a succession from the simpler
as to their structure and history to more complicated ones.

The Podolian megablock. The Dniester-Bug stratigraphic series, belonging to Pale-
oarchean [18] as to modern geological and geochronological data, is the basis of its struc-
ture. Two geological formations have been established in the series composition in the
greater part of its territory: kinzigite (garnet, biotite-garnet gneisses and plagiogneisses, some-
times with sillimanite and cordierite, biotite-hypersthene crystalline schists) and enderbite-
gneissic (hypersthene, bipyroxene plagiogneisses and crystalline schists of the medium and
basic composition) formations. These formations are totally substituted in the block territory
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by pyroxene and garnet-enclosing ultrametmorphic granitoids. Metamorphism and forma-
tion conditions of granitoids correspond to granulite facies of moderate pressure. The forma-
tions different as to isotope-geochronological age are established in the range of 2800 to
2000 Ma [17] among ultrametanorphic granitoids, but they all inherit the composition and
general deformation structure created by stratified formations; in this connection the block
can be considered as the one-floor folded structure. The formations which underlie the
Dnieper-Bug series are unknown. As to its structure the megablock embraces the central
part and southern wing of the large Berdychiv anticline [14] which is gently inclined on the
south-south-east, complicated by brachial antiforms and synforms and by steeply inclined
folds.

Bug-Ros megablock. Major tectonic structure peculiarities of this block, which was first
distinguished as the Bila Tserkva-Odesa zone [19], are determined by the primary distribu-
tion within its boundaries of two different-age series: the Dniester-Bug series of Paleoarchean
and the younger Archean Ros-Tikich series of 2700—2800 Ma [17], its lower boundary being
unknown. The former is expanded in the southern part of the block and is the immediate
south-eastern continuation of granulite complex of the Podolian block. It is built by ender-
bite-gneissic formation and overlying leucogranulite formation with prevailing leucocratic
biotite and granite-biotite two-feldspar gneisses. The formations are metamorphized under
conditions of high-pressure granulite facies and are intensively granitized, as they are in the
adjacent block. The so-called Bug series is arranged on bounded areas within this territory.
It is composed by primary lithogenic metamorphic formations (high-aluminia rocks, quart-
zites, marbles, calciphyres, etc.) which also belong to granulite facies. Various ideas are
expressed, concerning geochronologic belonging of the Bug series. It is included by the
authors [11] jointly with the Dniester-Bug series in the composition of a single Paleoarchean
Bug area complex as the upper part of its sequence. But at any rate, its extremely bounded
distribution makes no principal effect on the structure-tectonic interpretation of the block.

The granulite complex distribution area is characterized, as a whole, by more stressed-
strained structure than in the neighbouring Podolian block with its gradual complications in
the eastern direction, where the complex is characterized by the typical linear folding. In
terms of the region the total folded structure of the granulite complex, proceeding from
geological-structural and stratigraphic observations, is imagined by the authors as the frag-
ment of a large synclinorium, which nuclear part is distributed in the South Bug basin, in
the district of Khashchevate and Zavallya villages. Just this territory is characterized by the
so-called Bandurivka gravitation maximum which, in our opinion, can be connected in this
part with the most complete sequence and thickness (about 12—15 km) of the granulite
complex.

The Ros-Tikich series within the block is distributed in its northern part and presented
by gneiss-amphibolite formation (biotite and biotite-hornblende plagiogneisses, crystaline
schists and amphibolite) which is known in most regions as the "association of grey gneis-
ses". It is intensively granitized and forms plagio- and plagiomicrocline-granite and migma-
tite associations typical of the above associations; it is distinguished as the Tikich granite-
metamorphic complex together with these associations [8]. Deformation structure of the
complex has distinct features of plastic flow and is rarely amenable to evaluation.

The so-called sobite granite-metamorphic complex is distributed in the middle part of
the megablock territory between the Bug and Tikich complexes. This part is known as the
area of distribution of granulite formations, diaphtorized in conditions of amphibolite facies;
relicts of kinzigite, enderbite-gneissic and leucogranulite formations, substituted by various
ultrametamorphic rocks of diorite, tonalite, plagiogranite and granite composition, are es-
tablished among these formations. The sobite complex, according to the data of mineral
paragenetic analysis, was formed in conditions of transition from granulite to high-tempe-
rature part of the amphibolite facies [15].

The practically conventional stratigraphic sequence of the Dniester-Bug and Ros-Tikich
series substantiates structural interpretation of the Bug-Ros megablock as two-floor struc-
ture, its lower structure floor being composed by granulite complex, including its diaphtho-
rized part and accompanying ultrametamorphic granitoids, and the upper floor — by am-
phibolite-granite complex. The upper floor thickness increases northwards of its distribution
border and reaches 5—6 km. Diaphthorized part of granulite complex probably composes
the upper part of the lower structure floor bordering on the upper structure floor.

The Peri-Dnieper megablock, as to its peculiarities, corresponds to granite-greenstone
areas well-known in other shields. Main features of its composition and structure are deter-
mined by the prevalent development of two series. The Auly series which is represented by
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Fig. 2. High-temperature metamorphic and isofacial ultrametamorphic complexes in the USh structure: A — present
distribution in pre-greenstone basement; B — restored paleotectonic distribution at the greenstone stage. Complexes:
I — granulite-gneissic, 2 — diaphthorized granulite-gneissic, 3 — amphibolite-gneissic, 4 — anorthosite-rapakivi-
granite massifs. Boundaries of: 5 — recent megablocks, 6 — complexes, 7 — Ukrainian Shield, & — the Shield section
with lack of information

gneisses-amphibolite formation [13] and is similar in its composition to the Ros-Tikich
series prevails in the greater part of the territory. This series, like analogous formations in
other regions, is intensively granitized everywhere. The Konka series — a typical greenstone
belt composed by komatiite-toleite, dacite-andesite-toleite, komatiite and rhyodacite pri-
mary volcanic associations with maximum thicknesses in separate structures up to 8—9 km
[10] occupies the second place according to its distribution.

The basic features of the megablock tectonic structure are determined by the system of
dome-like gneiss-granitoid antiforms and interdome synforms, subject to the above anti-
forms as to their area. According to the results of determining the isotope age of the green-
stone complex from the upper half of its sequence (3170—3050 Ma) the Konka series be-
longs to Mesoarchen [17]. It is a part of the upper structural floor of the megablock. The
sequence of a number of greenstone structures of the Middle Dnieper area with a break in
occurrence accumulates conglomerate-sand-schistose and iron-siliceous formation of the
Bilozerske and Kryvyi Rig series of Neoarchean (?) — Paleoproterozoic, which are zonally
metamorphized in conditions of the greenstone and epidote-amphibolite facies.

The Auly series, according to present ideas, underlies the Konka series; it is considered
Paleoarchean [18] and, in general opinion, composes the lower structural floor of the
megablock jointly with granitoids and migmatites, associating with it. It also includes the
Slavgorod rock mass with accompanying ultrametamorphic enderbites, tonalites and pla-
giogranites, which is sometimes considered as the lower part of the Auly series, but by
analogy with other regions, it probably, can be a protrusion of the underlying independent
granulite complex.

In the opinion of most researchers the character of relation of rock masses, distributed
in synforms, with gneiss-granitoid complexes of the Dnieper basement was remobilized to
considerable extent at the stage of formation of greenstone structures. Deformation struc-
tures of the near-contact parts of the upper and lower structure floor are concordant, and
the basement relicts structures which are not inscribed in "conformality" of peripheral zones
[12] occur only in the central parts of some antiforms.

The recent structure of granite-greenstone region is determined by numerous faults of
different scale. They both complicate certain greenstone structures and antiforms and con-
trol, to considerable extent, the distribution of these structures and granitoid intrusions
connected with them. Some of such zones have, probably, inherited their character from the
stage of formation of greenstone complex.

The Kirovograd megablock. The upper structure floor within the Kirovograd megablock
is composed by Ingul-Ingulets series with variegated composition of metamorphised volca-
no-sedimentary deposits (amphibolites, jaspilites, marbles, etc.) in the lower thin (several-
hundred meters) part of the sequence and it is mainly flyschoid carbonate-terrigenous (gneiss-
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Fig. 3. Zonal metamorphic complexes in the structure of the USh: I — high-temperature undissected basement; 2 —
undissected Meso-Neoarchean greenstone metavolcanic and Neoarchean and Paleoproterozoic ferruginous-siliceons-
schistose complexes; 3 — Paleoproterozoic gneiss-schistose metallogenic complexes; 4 — large intrusive massifs of the
stage of distinct geoblock differentiation; 5 — Ovruch volcano-sedimentary complex; 6 — intermegablock (a) and some
other (b) faults; 7 — complex boundaries; & — Shield boundary; 9 — volcano-plutonic association of the Volyn-
Polissya belt

schist) association with zonal metamorphism. Metamorphism manifests in the range from
epidote-amphibolite to granulite facies. Total thickness of the upper structure floor section
reaches 6—7 km.

The floor is intensively deformed with prevalence of structures of submeridional strike.
Various granitoids of Kirovograd and Novoukrainka complexes are broadly manifested with-
in the Kirovograd megablock. They are distributed in the territory of development of the
upper structural floor, and compose jointly with stratigenous formations the Ingul-Ingulets
complex [20], which is completely formed during Paleoproterozoic.

The lower structural floor is the basement of the Ingul-Ingulets complex distinguished
precisely in the boundary parts of the megablock, in its bordering uplifts. It is represented in
the west, within the so-called Bratske zone, by granulite complex, which is a direct conti-
nuation of the Middle Bug area granulite complex, and in the east, in the West-Ingulets
zone, by amphibolite-granite complex which is certainly correlated with the Auly series and
accompanying ultrametamorphic granitoids of the Peri-Dnieper area.

Korsun-Novomyrgorod massif composed by gabbro-anorthosite and rapakivi-granite
formations and confined, jointly with the Novoukrainka massif, to the great anticline uplift
is a characteristic structure element of the Kirovograd megablock.

Within the Volyn megablock the upper structure floor composed by the Teteriv [3]
series which is the gneiss-schist metacarbonate-terrigenous association with total thickness
7—8 km. It is precisely correlated with the Ingul-Ingulets complex series of the Kirovograd
megablock with respect to substance composition and age. Together with granitoids, associ-
ated with the Teteriv series, it forms the Radomyshl granite-gneiss-schistose complex [8],
formed in Paleoproterozoic.

The formations which can be referred to the lower structural floor of the Volyn megablock
are known today in numerous sites. The diapthorized kinzigite formation and accompanying
ultrametamorphic granitoids in the southern part of the megablock, which really continue
formation of the Podolian block, are found among them. Besides, the association of migma-
tized biotite-hornblende gneisses, crystalline schists and amphibolites, analogous to forma-
tions of the Tikich amphibolite-granite complex of the neighbouring Bug-Ros megablock.

The Volyn megablock similarity to Kirovograd one is emphasized by availability of
large Korosten massif made up by gabbro-anorthosite and rapakivi-granite formations. The
difference consists in the confinement of the Ovruch, Bilokorovychi and Vilcha depressions
(filled by Meso- and Neoproterozoic volcano-sedimentary formations) to the Volyn megablock.
The above structures are of the expressed "superimposed” character and in their formation
they are probably connected with development of the neighbouring Volyn-Podolian volca-
no-plutonic belt, which was included, for a long time, to the Volyn megablock.

The Peri-Azovian megablock. The megablock is based on stratified granulite metamor-
phic rock masses which are intensively diaphtorized almost everywhere under the conditions
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of amphibolite facies. The West Peri-Azovian and Central Peri-Azovian series are traditio-
nally distinguished among them, the former being considered as Paleoarchean and the
latter, as Neoarchean, notwithstanding the absence of geological reasons. Their structure-
substance and metamorphic affinity, as well as the formation composition (enderbite-gneissic
and leucogranulite formations) allow the whole association to be correlated with the
Paleoarchean Dnieper-Bug series of the Bug-Ros megablock. Data concerning the distribu-
tion of the Novopavlivka ultrabasite-enderbite-tonaliite complex aged above 3600 Ma [18]
just within the Central Peri-Azovian series, and existence of even older determinations
(4250—3800 Ma) from granulite gneissic associations themselves [16] give every reason to
consider all the metamorphic granulite association of the Peri-Azovian megablock as
Paleoarchean and the block in its present state as that of a single floor. In this connection
the extended real development of diaphthoresis allows admitting the existence of the denud-
ed upper structural floor in the geological past.

Deformation structures of the granulite floor are rather stressed and diverse. One can
distinguish submeridionally oriented synclinorium zones with a precise linear folding, and
anticlinorium zones with broad development of the brachyform structures, complicated by
additional different scale folding. Some peculiarities of the section composition and thick-
ness in these zones evidence possibly for their inherited character from the stage of accumu-
lation of primary rock masses.

The greenstone and metaterrigeneous complexes in locally manifested narrow near-
fault trough type structures — graben synclines (Kosivtseve, Novogorivka, Gulyaipole, So-
rokyne, Novopavlivka, Fedorivka structures) are known in the Peri-Azovian block. Proceed-
ing from their composition and formation time during the Mesoarchean-Paleoproterozoic,
they are well correlated with complexes of the Peri-Dnieper megablock, but they most likely
never had vast area distribution within the Peri-Azovian megablock. They are mainly ar-
ranged in the anticlinorium zones of granulite basement. Intrusive massifs of high alkalinity
mainly concentrated in the eastern part of the Peri-Azovian megablock are localized in the
same zones.

The Volyn Podolian Belt is a part of the large transregional zone traced far outside the
limits of the USh in the basement of the East-European platform and is called the Volyn-
Dvina Belt. Substance specificity of this structure formed with participation of leptite metavol-
canic formation is established precisely. It is penetrated by numerous intrusive bodies which
make up diorite-granodiorite-granite formation. The both magmatic formations have petro-
chemical features of common family origin and are united in the Osnytsya complex compo-
sition. The subalkali granite formation tends towards the boundary south-eastern part of the
belt. There are no reliable data concerning other complexes and tectonic structures of the
belt.

When generalizing data on the structure and composition of separate megablocks in a
single picture of tectonic structure and evolution of the USh one would emphasize the
following.

Within the boundaries of all the megablocks geological-structural complexes composing
the lower floors are characterized by more high-temperature formation conditions — metamor-
phism facies — than the upper-floor complexes. These are the lower granulite and upper
amphibolite-granite floors within the Bug-Ros block, and lower amphibolite-granite floors
in the Peri-Dnieper block. The same picture is observed in the Volyn and Kirovograd
megablocks as well as in separate local structures of the Peri-Azovian block.

Geological structure complexes which are characterized by such metamorphism in
different blocks and separate isolated structures (e.g. greenstone ones), have similar compo-
sition and differ as to their geological-formation composition from other complexes. On this
basis it is expedient to distinguish high-temperature — granulite-gneissic and amphibolite
gneissic complexes and zonally metamorphized — greenstone (metavolcanogenic) and gneiss-
schist (metallicogenic) complexes, which as to their general composition and sequences structure
cannot be compared by imaginary elimination of metamorphism. In our opinion these com-
plexes correspond to the sequential stages of formation of the upper volcano-sedimentary
part (shell) of the Early Precambrian Earth crust and are directly connected with its tectonic
evolution.

In the boundary parts of the adjacent blocks, as it was said above, one can observe
complexes similar as to their composition and degree of metamorphism; these complexes
make up the lower structural floors of the blocks. Side by side with absence or insignificant
difference of metamorphism degree in bordering parts of the adjacent blocks, this evidences
for inconsiderable vertical amplitude of movements in the boundary suture zones, and all
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the more, contradict the idea of their considerable horizontal displacement and occasional
neighbourhood in general structure.

Allowing for the distribution of different type complexes in the block structure of the
USh, one can distinguish complexes distributed in different megablocks, but characteristic
of only some of these megablocks. The former include granulite-gneissic and amphibolite-
gneissic metamorphic complexes and isofacial ultrametamorphic granitoids, accompanying
them. They can be jointly considered as those forming high-temperature heterogeneous
Paleoarchean (according to age of formation of primary stratigenic rock masses) granite-
metamorphic layer (floor), or the Shield sockle, the basement of Meso-Neoarchean and
Paleoproterozoic floors in certain blocks. The distribution of high-temperature complexes
within the USh which from the data available, may be supposed on the recent pre-green-
stone cut of the socle is shown in Fig. 2, a, while their possible paleotectonic expansion
restored in the USh area — in Fig. 2, b.

In contrast to high-temperature complexes the zonally metamorphized greenstone and
metallogenic complexes may be considered as those which form the structure floors, which
are distributed only in certain megablocks types. Their distribution and co-ordination with
megablocks of the USh is shown in Fig. 3.

Information concerning distribution in the block structure and composition of strati-
genic complexes consequently formed in the USh gives every reason for distinguishing two
great stages of its structure formation in the history of tectonic development of the region. The
first stage can be defined as the stage of inexact (or pregeoblock) tectonic differentiation. It is
associated with formation of premetamorphic rock-masses of the socle-protoliths of high
temperature metamorphic complexes all over or in the greater part of the Shield territory
and beyond its boundaries. With respect for the age this stage corresponds to Paleoarchean
and embraces two stages of substance evolution of the Shield structure: protogranulite-
gneissic and protoamphibolite-gneissic stages. Metamorphism and accompanying processes
of granite formation in these complexes of the sole could proceed for a rather long time,
they cold be asynchronous and could often proceed in different blocks up to general craton-
ization of the Shield about 1900—2000 Ma, which is probably connected with isotope-
geochronological age determinations, differing in their single-type complexes of different
blocks and their separate parts.

During the second stage, or the stage of exact, geoblock tectonic differentiation the green-
stone and metallogenic complexes and accompanying intrusions were formed within certain
megablocks separated for that time.

According to recent geochronological data it corresponds to Mesoarchean Paleoprot-
erozoic time. Judging from the isotope-geochronological data, processes of high-tempera-
ture metamorphism and accompanying granite-formation occurred in the basement of the
corresponding floors at that time.

We dwelt upon the basic, principal elements of Early Precambrian structure and geo-
tectonic periodization of the USh. A comparison with other Shields demonstrates that they
are of general importance and can be used to understand the history and evolution of the
early stages of the Earth’s crust formation as a whole, and to investigate Early Precambrian
metallogeny. Besides, the present structure of the USh is much more complicated and it is
characterized by availability of the great number of faults, intrablock and transblock tectonic
zones, both Early Precambrian and the next stages of the Shield development which would
be considered in a separate work.
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PE3FOME. B coBpeMeHHOIi CTpyKType dyHIaMeHTa YKPanHCKOrO IIUTa BhIAC/SIOT 1EeCTh OJIOKOB MEPBOro MopsiaKa
nam MmerabnokoB, — BonbiHckuit, Togonbckuit, byrcko-Pocunckuit, Kuposorpanckuit, I[lpuaHenposckuit u
IMpuasoBckuit, a Takke BosbiHo-TTonecckuii ByJJKaHO-TUTyTOHUYECKU 1osic. OCHOBY 3TaXKHOIO CTPOEHHUsT MErabJIOKOB
COCTaBJISIIOT paHHeIo0KeMOpUiickue cTpaTurpaduyeckue cepuu, OTHOCSLIMECS K YEThIPEM TUIaM MeTaMop@UyecKux
KOMILJIEKCOB — TPaHYJIUTO-THeiicOBOMY, aM(PUOOIUTO-THECOBOMY, 3€J€EHOKAMEHHOMY METaBYJIKAHOTEHHOMY U
CYLLIECTBEHHO METAJIMTOT€HHOMY. DTH KOMIUIEKChl MMEIOT pa3Hblii (hOPMALIMOHHBII COCTAB M BMECTE C TPAHUTOMIAMH,
KOTOpbIE WX 3aMeLIAlOT W MPOPBIBAIOT, 00Pa3ylT CTPYKTYPHbIE 3TaXM, COYETAHUSIMU KOTOPBIX MErabloKu 4eTKO
pasMyaloTcs MeXay co00i0. 3aKOHOMEPHOCTH PACIpOCTPAHEHMsI PA3HBIX TUMOB MeTaMOP(GUUYECKUX KOMIUIEKCOB B
0JIOKOBOI CTPYKTYpE LIMTA MO3BOJISIIOT BBIACIUTbL B PAHHEIOKEMOPUIACKOI UCTOPUU ero GOpMUPOBAHUSI 1BAa KPYITHBIX
3Tarna reoTeKTOHMYECKOI 3BOJIOLIMU: HEOTYETIMBOM (10re0d0K0Boit) AnubdepeHInalui Ha NPOTSXKEHUHU Maleo- U
Me30apXxesl M OTYETIIMBOI reo010KoBOI rddepeHLaly OT MO3IHEro Me3oapxesi 10 NajaeonpoTepo30s BKIIOUUTENbHO.
B TeueHue mepBOro M3 3TAnoB MOCAEN0BaTEIbHO CHOPMUPOBAIUCH MPOTOIUTHI CTPATUTE€HHBIX I'DAHYJIUTO- U
aM(}UO0IUTO-THENCOBBIX KOMIUIEKCOB, BTOPOrO — 3€J1€HOKAMEHHbIE U CYLECTBEHHO JIMTOTE€HHbIE METaKapOOHATHO-
TEePUreHHbIE (THEICO-CIaHLEBbIE) U XKEJIE3UCTO-KPEMHUCTO-CIAHLIEBbIe KOMIUIEKCHI.

PE3FOME. Y cydacHiii cTpyKTypi GyHIaMeHTy YKpaiHCbKOI'O IIIMTa BilOKPEMJIIOIOTh IICTh OJIOKiB MEePLIOro MOPSIIKY,
abo MmerabnokiB, — BonmHcbkuit, [loninbebkuii, bysbko-PocuHebkuit, KipoBorpaacekuii, [lpuaHinpoBcbkuil ta
IMpuaszoBcbKuii, a Takox BonuHo-Tlonicbkuil ByJIKaHO-TUTYTOHIYHME nosic. OCHOBY MOBEPXOBOi Oy10BM MerabJioKiB
CKJIaJaloTh PaHHbOLOKEMOpIlichbKi cTpaTturpadiyHi cepii, 110 HaleXaTb 10 YOTUPHOX TUIiB METaMOPMIYHUX KOMILIEK-
ciB — rpaHyJiTo-THeiicoBoro, am®iboniTo-rHeiicoBOro, 3eJeHOKaM’sIHOrO METaBYJKaHOT€HHOro Ta iCTOTHO
MeTtanitoreHHoro. Lli Komruiekcn mMalooTh pi3HUI opMaliiiHuil ckilaj i pa3oM 3 TPaHiTOIAAMMU, 11O iX 3aMilllylOTh i
MPOPUBAIOTb, YTBOPIOIOTh CTPYKTYPHi MOBEPXU, 32 CIIOJYYEHHSIMU SIKMUX METabIOKU YiTKO PO3Pi3HSIOTHCS Mix COOOI0.
3aKOHOMIpHOCTi MOLIMPEHHS Pi3HUX TUIIB MeTaMOPGiUHMX KOMIUIEKCIiB Y GJIOKOBiif CTPYKTYpi 1IMTA JAIOTh 3MOTY
BUJIIJIMTU B PAHHbOJIOKEMOPINCHKiil icTopii iforo opMyBaHHsI 1Ba BEJMKUX €Talll F€OTEKTOHIYHOI €BOJIIOLLIT: HEUiTKOI
(noreo6;10k0BOI) AMdeEPEHLIiallil yIPOIOBX Majleo- Ta ME30apXelo Ta YiTKOI reodJ0KoBoI audepeHuialii Bif Mi3HbOro
Me30apXxer0 10 MaleonpoTepo3or BKIOYHO. [IpoTsrom mnepiuoro eramy MociaiZioBHO chopMyBalaucs MPOTOTITH
CTPAaTUTeHHUX TPAHYJTiTO-THEHCOBUX Ta aMbibOTiTO-THEHCOBUX KOMIUIEKCIB, IPYroro — 3eJieHOKaM’siHi Ta iCTOTHO
JIITOT€HHI MeTaKapOOHaTHO-TEPUTeHHI (THEHCO-CIaHLEBi) i 3ali3MCTO-KPEMEHUCTO-CIIAHLIEBI KOMIUIEKCH.
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The Ukrainian Shield: Precambrian
Regional Structure and Paleogeodynamics

Regional structure of the Ukrainian Shield and its extent within the basement of the south-western segment of the East
European platform or Sarmatia has been explained regarding the concept of plate tectonics. The starting point of
paleogeodynamic analysis is recognition of existence of granite-greenstone geoblocks (fragments of Archean protoi-
sland arcs), separated by the basins (interarc, transarc, pericratonic etc.). Closure of the basins, transformation of
protoarcs (at the expense of taking up the underlying crust of basins) and their accretion with formation of Sarmatia
took place repeatedly within the range of the Neoarchean-Paleoproterozoic: collision situations were followed by
destruction and vice versa. About 2.0 Ga ago microcontinents comprising Sarmatia were already integrated as the
Polissya continental-marginal volcano-plutonic belt superimposed it as on a single microcontinent. Neoproterozoic
destructive and related processes within the limits of the shield have been considered as well. The date of 1.8 Ga which
corresponds to the term of the initial stage of the Ovruch paleorift and intrusion of the early phases of gabbro-rapakivi-
granite and related plutons has been assumed as their beginning.

The Ukrainian Shield (USh) is a comparatively young structure of the East European Plat-
form (EEP) which began to form as a shield during the platform stage of its development —
the Riphean. Before this stage crystal rocks of the shield and adjacent territories within the
limits of the southwestern section of the EEP were being produced during almost 2 Ga.
Precisely such is the difference in the age of the most ancient Novopavlivka granulites in the
east (3.65 Ga) and non-metamorphosed sedimentary deposits of the Ovruch series
(~ 1.65 Ga) of the cover in the west of the shield.

Considerations on subsequence and "ways of production” of the shield crust are given
below on the base of the plate tectonics concept as it was made in the previous works [5, 8,
11, et al.].

Recent subdivision of the shield into geoblocks and their extention northwards of the
Dnieper-Donets aulacogene (DDA) is shown in Fig. 1. These geoblocks are integrated into
some microcontinents within the mentioned section, called the Sarmatia [10, 19] which is
one of the three terrain in the rank of mesocontinents which developed autonomously
during Archean and Paleoproterozoic and which formed the East European craton. The
boundary of the Sarmatia with one of them (the Fennoscandia) is the Volyn-Orsha aulaco-
gene and its boundary with the other (the Volga-Uralia) is the Pachelma aulacogene. It is
considered that aulacogenes inherit Paleo- and Mesoproterozoic suture zones. The integra-
tion of Sarmatia with Volga-Uralia took place 2.0—1.9 Ga ago and its integration with
Fennoscandia happened some later — 1.86—1.87 Ga ago [19].

The unity of Sarmatia as a single Paleoproterozoic mesocontinent is firmly evidenced
by its characteristic transregional structural elements. One of them is the Polissya volcano-
plutonic belt on the northwest determined by its specific volcanism (the Klesiv series) and
magmatism (the Osnytsya complex). The production of this belt is related to the closure of
the basin between Fennoscandia and Sarmatia and with the underthrust of the oceanic
lithosphere under Sarmatia, which had by that time its geoblocks integrated, because the
belt, as one can see in Fig. 1 is being superimposed upon different geoblocks. In the center
of the mesocontinent the Kryvyi Rig-Krupets zone of cherty-iron and associated formations
is observed as an element of intrageoblock suture almost a thousand kilometers long, while
a band of the same order is observed in the north and the east which belongs to specific
formations the Kalach-Ertyl depression filled with terrigenous slates, gneisses and metavol-
canites of the Vorontsov series as well as magmatites of peridotite-gabbro-norite of the
Mamonian complex. However paleotectonic position of the last element is under discus-
sion.

General geotectonic characteristics of the shield. The optimum subdivision of the shield
comprises five first rank geoblocks separated from each other by submeridional sutures.
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Fig. 1. Tectonic scheme of the Ukrainian Shield and southwestern segment of the East European platform or, accord-
ing to [10, 19] Sarmatia. Geoblocks (roman numbers on the schemes): / — Volyn-Podolia, /] — Bila Tserkva-Middle
Bug, /11 — Kirovograd, IV — Peri-Dnipro, V — Peri-Azov. Sutures and fault zones (numbers in circles): 1 — Nemyriv,
2 — Talnivka, 3 — Kryvyi Rig, 4 — Orikhiv-Pavlograd. Granitoid and metamorphic complexes: 1 — granite-greenstone
Archean, 2 — granulite charnockitoid Archean-Proterozoic. Gneiss-migmatites: 3 — Archean-Proterozoic, 4 — Pale-
oproterozoic. Specific structural-formational zones. 5 — Kryvyi Rig-Kremenchuk, 6 — Ovruch. Large massifs: 7 —
granites, § — gabbro-rapakivi-granites, syenites and granosyenites; 9 — faults of different orders. /0—12 — microcon-
tinents protoislandarc by origin — Archean granite-greenstone areas of different generations. Structural-material com-
plexes of Sarmatia margins: 13 — volcanoplutonic (Klesiv series, Osnytsa complex), /4 — metaterrigenic-volcanogenic
(Vorontsov series) and magmatic (peridotite-gabbro-norites of the Mamonian complex)

Relation between its regional structure and later structures is discordant, "butt joint".

Each of the shield geoblocks is individual by its interior structure and composition of
structural-material complexes but for all the geoblocks except the Ovruch depression in the
northwest of the shield the so-called deep-seated folding is typical. This folding was formed
in plastic medium and was associated with current and pumping of material.

All the geoblocks comprise Archean structural-material complexes more or less altered
during the Proterozoic. In this case eastwards of the Kryvyi Rig band the Archean matrix is
prevailing within the crust while the Proterozoic matrix is predominant westwards of this
band.

In general geoblocks could be subdivided into two big groups almost equal by the areas
of abundance: granite-greenstone and granite-gneiss geoblocks. The first ones comprise all the
eastern one third part of the shield (Dnipro-Peri-Azov); only the Bila Tserkva-Middle Bug
geoblock is conventionally classified with this group in the west. Among granite-greenstone
associations of these geoblocks only those ones of Archean age are known, though, possibly
of several generations. Granulite-charnockitoid complexes of different age — Archean and
Proterozoic are present in each of the mentioned groups.

Almost in each suture, and sometimes in the adjacent sections of geoblocks, formations
accumulated in the former intergeoblock basins have been preserved. These are the folded
bands of metamorphites with abundant ferruginous quartzites. The rocks of the Kryvyi Rig
series are preserved best of all as well as their age analogues within the Ingul-Ingulets and
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Fig. 2. Scheme of geological position of gabbro-rapakivi-granite plutons and their analogues: / — granite-greenstone
microcontinents — Archean protoisland arcs; 2 — the same type microcontinents or their fragments, reworked in the
Neoarchean-Paleoproterozoic in situations of active continental margins (magmatic arcs); 3 — fragments of microcon-
tinents of granite-gneiss type with the crust of prevailing Proterozoic age in which essential role belongs to formations
of basins (epicontinental, interarc, transarc etc.); 4 — Late Paleoproterozoic volcano-plutonic belt; 5 — gabbro-
rapakivi-granite plutons and their analogues (K — Korosten, K-N — Korsun-Novomyrgorod, E-P — East Peri-Azov
massifs); 6 — formations of Riphean rifts on the surface and their contours [10] under Phanerozoic deposits in the
Dnipro-Donets aulacogene; 7 — sutures; & — contour of the East-European platform

the Bug series, and the Dibrova, and the Kocheriv suites.

Integrated geophysical studies [13] allowed to reveal within the shield lithosphere and
within the section in general several structural plans disposed in depth. They were formed at
different times, under unequal geodynamic conditions and are often unconformable. The
main ones are the Moho surface, K, (the boundary between granulite and granite layers), as
well as the crystal basement surface. Sutures of the shield are well reflected in the structure
of both the basement and M surface, within which the crust is thickened up to 50—60 km on
the background of the average thickness of the geoblocks crust which is about 40 km. Only
between the Volyn-Podolia and the Bila Tserkva-Middle Bug geoblocks suture zone is not
marked out in the M surface. Possibly it is a result of a thicker crust of the northwestern part
of the shield in general (westwards of the Kirovograd geoblock). Here the average thickness
of the crust approximates to 45 km and within the limits of the Polissya volcano-plutonic
and the so-called Bug-Podolia granulite belts it amounts up to 50—60 km, as is typical for
suture zones of the eastern part of the shield. Increase of the crust thickness in sutures and
in the Polissya belt is satisfactory explained by collision circumstances which are associated
with partial subduction of the crust of adjacent microcontinents but the reasons of the crust
thickening in granulite belt have no satisfactory explanation yet. As one can see in Fig. 1,
this belt is separated from the most part of the shield with a lineament B [13] which corre-
sponds to the northern boundary of the K, horizon exposure on the surface of the crystalline
basement and in the western part of the shield almost coincides with the areal of granulite
facies rocks of different age. This belt was possibly formed after integration of geoblocks of
the section because in each geoblock, except the Dniester-Bug ones, "its own" granulites
correspond to it. These are Berdychiv granites with skialites of corresponding granulites in
the west as well as recently classified [21] out of the Dniester-Bug series Proterozoic gran-
ulites of the Gnivan and Bereznyn suites; and in the east of the areal — granulites of the Bug
series and the Kamyana-Kostovatka suites. It is not inconceivable that this band was formed
in general during regional Riphean uplifts. This is indirectly evidenced by K-Ar dates for
micas of this area which are for this part of the shield concentrated only within the interval
1.7-1.2 Ga [18].

Several Meso-Neoproterozoic events are connected with northwestern direction in
general which coincides with the trend of the Bug-Podolia granulite belt and the B linea-
ment within the shield and within the limits of Sarmatia as a whole (Fig. 2): 1) the initial
stage of the precursor of the Dnipro-Donets aulacogene, with Riphean deposits supposed by
geophysical data [10] and are known on the surface near its southern border on both north-
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west of the shield and on its southeast which is the eastern extension of the Peri-Azov
geoblock (the Rostov uplift); 2) formation of a number of petrologically similar and coeval
(1.8—1.75 Ga) gabbro-anorthosite-rapakivigranite plutons (the Korosten and the Korsun-
Novomyrgorod) and West Peri-Azov subalkali massifs stretched for 900 km along the south-
western border of the aulacogene; 3) formation of the Podolia shift on the northwestern
slope of the shield 200 km northeast of the Teisseyre-Tornquist line. It is considered that
along this shift the southern part of the Kryvyi Rig band is displaced up to the location of the
Frunze-Odesa magnetic anomalies [7]. The origin of this shift is connected with the exten-
sion to the continent of the Riphean transform fault which appeared during the opening of
the Prototethys.

It is not inconceivable that all the mentioned events are connected with each other as
well as with the initial stage of destruction of the East European craton, which had been
already formed by that time. It should be taken into account that gabbro-rapakivigranite
plutons and subalkali massifs mentioned above are located precisely within those geoblocks
of the shield which were actively produced during the Proterozoic (see Fig. 2). It is not clear
yet which events their formation should be connected with: either with initial stages of
aulacogene formation or with the same stage for the southern border of the craton. It is
possible that the ascent of granulites of the Bug-Podolia band should be connected with the
same events, especially if the B. Wernicke model [9] is used. According to this model
attenuation of the crust in the rift is a result of a development of a gigantic gently sloping
fault which could possibly use intracrustal asthenosphere. It is considered that within the
lying side of this fault deep-seated metamorphites should be exposed due to sliding of its
hanging side, while within the hanging side volcanites should be concentrated. It is not
inconceivable that precisely such was a scheme of the Bug-Podolia band formation. It is not
clear yet which of the Meso- or Neoproterozoic rifts produced exposure of deep-seated
metamorphites — either it was the Riphean precursor of the Dnipro-Donets aulacogene or
of the southwestern border of the East European craton. On the assumption of the work [22]
the Riphean aulacogenes of the EEP (Fig. 1) are the died off parts of triradiate rift systems.
The same rifts of these systems which had been already developed produced the borders of
the segment as well as the oceanic bed in the place of Middle Europe.

Interior structure of geoblocks, paleogeodynamics of their production and integration.
Let us consider the interior structure and origin of granite-greenstone and granite-gneiss
geoblocks developed within the limits of the USh and Sarmatia in their age subsequence.

Comparative characteristics of granite-greenstone geoblocks of the shield and the problems
of their genesis. The following geoblocks have been classified as granite-greenstone ones
(shaded in Fig. 1): the Peri-Dnipro, the Peri-Azov and conventionally the Bila Tserkva-
Middle Bug geoblocks. The Peri-Dnipro geoblock is a classical example of similar struc-
tures. It has been well preserved due to its early consolidation and practical absence (except
peripheral parts) of Proterozoic alterations as was mentioned before. Therefore as its char-
actiristic features typical for granite-greenstone belts in general the subsequent coexistence
of granitoid ovals (cupolas) as well as their encircling greenstone structures or belts should
be assumed as well as predominance of basites and ultrabasites in the lower parts of the
sections and parashists, acid and medium volcanites in their upper parts; one more special
feature is zoned metamorphism from a greenstone facies in cores of folds up to amphibolite
facies in the contacts with granitoids. Some more special features should be mentioned for
granite-greenstone associations of the Peri-Dnipro geoblock. One of them is development of
big enough ((20—30) x 15 km) predominantly brachial and amoeba-like synforms. Zirconi-
um age of metavolcanites from the comprising strata does not exceed 3.165 Ga while for
cupola granitoids it ranges within 3.171—2.815 Ga [17]. But the most ancient by this data
granites of the Sura complex have got active contacts with greenstone rocks and nowhere
within the geoblock granites more ancient than metamorphites were dated. There are also
no unambiguous geological evidences on the existence of greenstone belts basement here —
for instance of detrital strata in the base of greenstone sections, etc.

The assignment of the Peri-Azov geoblock to the group under consideration happened
not so long ago [6]; it is possible that this assignment is not generally recognized. That is
why it is characterized here in more details.

The Peri-Azov block differs from the Peri-Dnipro block by composition and age of
granite-greenstone associations and the history of geologic development. In contrast to the
Peri-Dnipro area greenstone belts of the Peri-Azov are narrow — these are bands not more
than 2—2.5 km wide though their length is similar to the length of Peri-Dnipro belts. These
are essentially the residual near-fault matrices of former big synforms with only deep-seated

50 ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 4



THE UKRAINIAN SHIELD: PRECAMBRIAN

syncline troughs have been preserved. Therefore the thickness of terrain is much less here —
about 1.5—2.0 km comparing to 5—10 km in Peri-Dnipro. Besides in Peri-Azov in the base
of greenstone strata detrital rocks are known (the Soroky belt) which become abundant in
the upper part of the section. The important distinction of the Peri-Azov granite-greenstone
area is more ancient age of granitoids intruding greenstone rocks — 3.3 Ga [15]. It is not
inconceivable that greenstone terrain themselves are older here than in Peri-Dnipro area.

One of the interesting special features of Peri-Azov greenstone belts should be consid-
ered integration of Proterozoic and Archean products within the same structures (the So-
roky, the Fedorivka, the Pavlivka belts), as well as direct association with granulites which
seemingly substitute greenstone rocks enclosing granite domes. These interrelations make a
complicated problem being under discussion. As is shown by metamorphic zoning analysis
within the best studied Soroky belt [6, et al.] the degree of metamorphism along the belt
strike (from the northeast to the southwest) generally increases from epidote-amphibolite to
amphibolite facies. There are even statements that among amphibolite-ferruginous quartzite
sections of the northern thinning out of the belt granulites of the basic composition are
present in the wells. There is no doubt that directly northeastwards of this area granulite
relics are known among granitoids. Taking into account that the belt gets narrow and its
section impoverishes and gets several times thinner in the same direction, that is the rocks
are thinning out both laterally and with the depth it is reasonable to assume that granulites
also belong to the rocks of the Soroky belt. It is only unknown how to distinguish them of its
"frame" granulites. If we take into account practically complete identity of structural pat-
terns of greenstone and granulite enclosing rocks around granite ovals of Peri-Azov as well
as similar (with elimination of metamorphism) composition of rocks of these terranes, gran-
ulite bands may be considered as deeply eroded equivalents of greenstone belts. It does not
mean though that the Soroky belt for example which encloses on the east the Saltychi oval
of the West Peri-Azov and granulites of the West Peri-Azov series, enclosing it on the west
are coeval products. Transgressive interrelations of greenstone terrain with the "frame" in the
south of the belt are unambiguous evidence of later generation of the Soroky belt as to
granulites of West Peri-Azov series. It is noteworthy to mention that the available facts does
not give an opportunity to consider that greenstone rocks are diaphtoritized and tectonitized
granulites where primary detrital, spinipheks [2] and other structures have been preserved
which are not known in granulites.

We think therefore that the analogy of geological position and similarity of composition
of granulite and greenstone enclosing rocks are possibly caused by identity of geodynamic
conditions of their production and their belonging to analogous paleotectonic elements.

As mentioned above, the regions with such composition and structure are called gran-
ite-greenstone areas (GGA). But this term does not have universally accepted actualistic
meaning. It is compared now with volcanic arcs by majority of scientists. Thus as follows
from the structure of the Peri-Dnipro geoblock, mafite-ultramafite sections of the Sura suite
by their composition (metatholeiites of MORB type) and characteristic features (sometimes
pillow lavas structures have been preserved) can be identified as oceanic crust. Later dome
granitoids and their comagmatic acid and medium volcanites of the upper parts of the
Konka series section as well as numerous dykes of analogous composition correspond to
typical island arc magmatites. Such interpretation of the origin of geoblock crust in general
does not have any objections because it accepts the idea of production of the continental
crust at the expense of the oceanic crust that is evidenced by numerous relics of greenstone
belts rocks within dome granites.

At the same time first of all andesites are not abundant within Archean "volcanic arcs",
in contrast to Phanerozoic ones, and, secondly, magmatic zoning, which is typical for arcs,
is not revealed. Special features of Archean geodynamics is possibly the cause of it. Accord-
ing to calculated data [20] parameters of the Archean continental crust (small thickness,
short existence, low density) substantially differed from even those typical for the Proterozo-
ic continental crust. That is why it is considered [20] that thin oceanic lithosphere plates of
the Archean did not produce true subduction zones. Instead of them above descending
convection flows of overheated mantle zones of thin plates "swarmed by hummocking" are
assumed. Their roots submerged into hot mantle substance comparatively not deep at 50—
80 km. Due to this circumstance water-saturated basalts of the oceanic lithosphere melted,
differentiated but did not give medial melts typical for Phanerozoic arcs, and gave lighter
plagiogranitic melts instead. They flew through the mass of swarmed [20] oceanic plates and
produced cupolas. At the different stages of granite-greenstone areas development the upper
stage of greenstone structures was produced — calc-alkali volcanites, sedimentary strata.
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Therefore the main reason of structure and composition peculiarity of the Archean arcs is
small depth of underthrust zones. That is why it is better to compare GGA with primitive or
protoisland arcs.

Undoubtedly, the process of GGA formation is much more complicated than de-
scribed above. Thus, from special features of the Peri-Azov geoblock structure it should be
assumed that to swarming zones in addition to oceanic crustal blocks came the ones of
earlier formed continental crust — terrains, which could comprise granite-greenstone asso-
ciations of previous generations. It is possible that only at the periphery of terrains at the
expense of their erosion greenstone belts of the later generation produced not only detrital
basal horizons, but also terrigenous rocks in the upper stage (the Soroky belt). Besides such
early granite-greenstone blocks, involved into collage of a new arc should be more eroded
than associated with them GGA of later generation — that is for them granulite equivalents
of greenstone belts must be typical.

Deep erosive truncation of the Peri-Azov geoblock is possibly testified by special fea-
tures of the granite ovals structure: within some of them centroclinal dip was mapped for
both metamorphites and granitoids. Such ovals structure is considered to be a result of the
upper dome hemisphere erosion.

Summarizing given above it is possible to reason that the Archean continental crust of
Peri-Dnipro and Peri-Azov blocks was produced under island-arc conditions. More compli-
cated structure of the Peri-Azov protoarc is explained, omitting later proterozoic transfor-
mations, by presence of the earlier basement here. Similar terrain of more ancient rocks are
probable in the eastern part of Peri-Dnipro, in particular in the Synelnyky and Tokmak
blocks where numerous relics of granulites are known.

Therefore the discussed dissimilarity of GGA compared above — is a result of the fact
that they belong to different microcontinents — Sumy-Peri-Dnipro and Kursk-Peri-Azov
(see Fig. 1) which essentially differ by the history of their geologic development both in the
Archean and Proterozoic [5, 6]. Based on the fact that in the suture which joined microcon-
tinents into Bilgorod-Orikhiv-Pavlograd band, the Archean riftogenous formations are not
known, it is possible to think that they were autonomous and separated by the basin with the
oceanic type crust. Therefore we can satisfactory explain the difference between the age of
both the ancient granitoids and possibly greenstone terrain (the Konka series and the Ko-
syvtsiv suite) of Peri-Dnipro and Peri-Azov geoblocks which belong to Meso- and Pale-
oarchean correspondingly.

At the end of the Paleoproterozoic (~ 2.1 Ga ago) a basin which separated microcon-
tinents and possibly existed in the Neoarchean and Paleoproterozoic, closed. The under-
thrust of the oceanic lithosphere was taking place under the Kursk-Peri-Azov microconti-
nent. The continental crust which had been formed in the Archean was sufficiently re-
worked here under conditions of the active continental border. In the Peri-Azov geoblock
this stage is well marked by Proterozoic magmatism and ultramagmatism with specific
magmatic and metallogenic zoning [5]. It is natural that under these conditions greenstone
belts were being eroded and overbuilt by Proterozoic terraines.

Peri-Dnipro fragment of the microcontinent was a passive continental margin then and
due to this fact greenstone structures had been preserved in it much better. In general, the
eastern part of this geoblock was altered only at the end of the Early Proterozoic under
conditions of microcontinents collisions.

The Bila Tserkva-Middle Bug geoblock conventionally classified as a greenstone one
was the worst preserved. The base of such its reconstruction are views that the relics of
amphibolites and ultrabasites of the Ros-Tikich series in granitoids in the north and of the
similar composition granulites in the south, in Peri-Bug region are the relics of the eroded
greenstone belts. Strong Proterozoic transformation of the crust in this geoblock is explained
by its location in the center of accreted orogene — an area of the shield which underwent
repeated accretion and destruction of the earth’s crust.

Origin and structure of granite-gneiss geoblocks. We take the term granite-gneiss geo-
block to mean mainly the blocks of predominantly Proterozoic crust though they usually
comprise the relic structural-material complexes as well. The area of their abundance is
almost the same as the area of granite-greenstone geoblocks (Fig. 1). It seems at the first
sight that Proterozoic crust accreted around the Peri-Dnipro GGA, where Archean forma-
tions are the best preserved. But actually all the Proterozoic events happened between three
granite-greenstone geoblocks which closed at the end of the Early Proterozoic. Only to the
east of the Peri-Dnipro geoblock in the Orikhiv-Pavlograd suture and near it their relics
look like narrow folded bands and within the rest of the territory the reworked Archean crust
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prevails to a variable extent. Thus in the eastern part of the Peri-Azov geoblock, where
greenstone structures are not distinguished due to deep erosional cut and wide distribution
of Proterozoic granitoids (it is sometimes considered that they were not present there at all)
greenstone belts could be seen in the northern extention — the Voronizh crystalline massif
where their age as well as within the limits of the Peri-Azov geoblock is more ancient than
in the Peri-Dnipro [1].

In some other way the crust was being accreted in the west of the shield which was the
main area of granite-gneiss geoblocks development. Proterozoic formations in this area
which were (as well as in the east) accumulated in the basins between granite-greenstone
geoblocks are known not only in peri-suture zones but are also predominant among struc-
tural-material complexes which formed the crust of the western part of the shield. In this
case we are not dealing with magmatic and ultrametamorphic formations which dominate
over the other Proterozoic formations in the east of the shield but with supracrustal products
which in addition to the mentioned before comprise the main pattern of the Kirovograd and
Volyn-Podolia geoblocks. What were those basins like and when were they produced? Their
initial stages were the most often related to the beginning of accumulation of the Kryvyi Rig
series that is the period after closing of the Peri-Dnipro GGA — about 2.8 Ga ago. The most
probable (and it is generally recognized) its formations were being deposited in the epicon-
tinental pericratonic basin possibly riftogenic by its origin. It should be only emphasized that
it cannot be considered as a trough basin, at least for the period of accumulation of the
ferruginous rocks of the Saksagan suite, because the absence of detrital material in it contra-
dicts to such interpretation. It could be rather considered that the Saksagan suite was being
accumulated within the calm, well protected basin of the liman type connected with the
larger scale basin — the "microocean”. Possibly it is due to this circumstance that the
ferruginous sediments were being accumulated within upwelling zones of oceanic waters
here. But it is difficult to deduce where the liman ended or where the "microocean” began.
Thin ferruginous quartzites of the Artemivsk suite, which well correlate with the Saksagan
ones are known at about 40 km westwards of the Kryvyi Rig band and possibly correspond
to the shelf of the "microocean". It is not clear yet what deposits is the "microocean”
represented by more westwards, because now the rocks of the folded Checheliiv suite, which
are younger than the Kryvyi Rig series are abundant there. As westwards of its abundance
area and symmetrically as to the Kryvyi Rig band and also within the limits of the suture the
Bug series (the Golovaniv block) is exposed, which is by its sufficient part synchronous with
the Pre-Gdantsiv part of the Kryvyi Rig series, it is possible to consider that the Bug series
ophiolites were those sediments accumulated in the microocean, connected with the Kryvyi
Rig liman. So it is pertinent to call this joint basin the Bug-Saksagan basin.

Accumulation of deposits (Spasivka, Checheliiv suites and their analogues) in the Che-
cheliiv basin of younger age, than the Bug-Kryvyi Rig one begins after the Gdantsiv uncon-
formity which is well known in the Kryvyi Rig belt. It is determined by conglomerates of the
suite of the same name which contain pebbles of plicated ferruginous quartzites. It evidences
that accumulation of the Gdantsiv part of the Kryvyi Rig series was preceded by folding and
metamorphism first emphasized by L. G. Prozhogin. Therefore it is possible to consider that
the crust within the limits of the present Kirovograd geoblock was produced at the expense
of deposits of two basins which existed consecutively between the Peri-Dnipro and the Bila
Tserkva-Middle Bug geoblocks.

How can these basins be qualified from paleotectonics point of view? On the basis of
the model of granite-greenstone geoblocks reconstruction discussed above, they could be
subarc-, interarc-, and transarc basins. The last one gives the best fit to the Checheliiv basin,
because these are the transarc basins the youngest among paleotectonic elements that appear
in the case of production of accretional systems at the continental margins. Contemporary
examples of such geodynamic conditions of this type are known in the western part of the
Pacific ocean. It has been apparent from the analysis of the ancient geodynamic conditions
of such a type that collision between arcs or between an arc and a continent predates
production of transarc basins [14]. The reasons for appearance of transarc basins are being
discussed. Their production is usually connected either with the initial stage of appearance
of additional convective cell on the rear of underthrust zone or with recession of the sea
towards the ocean. Each of the mentioned events promotes the stretching of the crust
behind the arc. That is why the riftogenic way of production of the Cenozoic basins of such
a type is now considered to be proved. The data on the Checheliivka basin do not contradict
to this idea: the lower part of the strata section, is comprised by substantially volcanogenic
(the Kamyanka-Kostovatka and Spasivka suits), while the upper one is comprised by fly-
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Fig. 3. Succession of geodynamic situations responsible for production of the Kirovograd geoblock crust. Continental
crust. 1 — approximate ratios of granites, granulites and intermediate "layers”, 2 — granite-greenstone areas with
medium (left) and deep erosional cut, 3 — deposits of pericratonic basins, 4 — folded complexes of the basin deposits
(a), including ferruginous formations (b); 5 — Oceanic crust; 6 — Lithospheric mantle

shoid terrane (the Roshchakhivka and the Checheliivka suites). Riftogenic origin of this
basin is indirectly supported by "xenogenic" for the Kirovograd block greenstone rim of the
Lypniagy dome, which is now located almost in the center of the orogene. Such rocks could
be considered here either as relics of Proterozoic suboceanic crust or the fragments of
geoblocks of Archean "frame". From the same point of view complex geophysical data on
the deep-seated structure of the Kirovograd geoblock [13] seem to be very interesting:
indeed, in the very center of its southern part a protrusion of asthenosphere and lower
density of the mantle have been fixed.

The closure of the basins between microcontinents and creation of Sarmatia probably
did not take place simultaneously, but now these events cover rather wide range of time
(~ 2.1—2.0 Ga). It has been measured by zircon dating of collision and lateorogenic granites
and alkaline rocks (the Mala Tersa massif, for example) in different geoblocks. It was shown
above on an example of the Kirovograd geoblock (see Fig. 3) what a complicated and
multiple process it was. It is generally concerned with all the western part of the shield. It is
noteworthy that the scheme of the crust formation suggested here is in good agreement with
geochronologic data and explains, in particular, polychronous production of granulite-char-
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nockitoid complexes of this region [21]. Indeed, each closure of the basins around the Bila
Tserkva-Middle Bug geoblock produced its own granites. After the date of 2.8 Ga there were
not less than two stages of granites formation — ~ 2.6—2.4 and 2.1-2.0 Ga.

The important feature of the structure of western geoblocks — the Volyn-Podolia, the
Bila Tserkva-Middle Bug and the Kirovograd is the fact that the last closure of the basins
does not have distinct sutures — all the zones which separate geoblocks, were produced
during intermediate stage of orogenes formation (2.6—2.4 Ga ago — see Fig. 3). The reason
of this fact were geodynamic features of these basins formation as a result of the so-called
disseminated riftogenesis with restricted production of the areas with oceanic and subocea-
nic crust. That is why subduction of the crust was limited as well and formations of the
former basins are well preserved in both the Kirovograd and to the less extent in the Volyn-
Podolia geoblocks and which as it has been already emphasized make together with the
relics of the basement their granitized main pattern. Now both of these geoblocks have
distinct anticlinorium structure.

Special structural feature of all the geoblocks of the western part of the shield is their
step-like form section which decreases from the south to the north and is probably connec-
ted with Riphean events (as was explained before). Due to this circumstance in the southern
parts of sutures of these geoblocks formations of the former basins are worse preserved than
in the east.

Paleomagnetic criteria for paleogeodynamic reconstructions. Views on the origin of the
crust of the USh and Sarmatia as a whole as well as on their location within the East-
European craton given above have independent support as a result of paleomagnetic studies.
The use of paleomagnetic data to support paleotectonic reconstructions does not leave any
doubt as to plate-tectonic mechanism of production the crust of the East-European plat-
form. Unfortunately repeated superposition of thermic and tectonic events related to re-
building of the crust of geoblocks (as was shown above) essentially decreases a possibility to
obtain reliable paleomagnetic information because with each stage of activization magnetic
remanence which bearers are ferromagnetic minerals (mainly titanomagnetite and magne-
tite) is being complicated by new components. They appear partly after destruction of more
ancient magnetization which relics can exist in rock simultaneously. Such magnetization is
shown for example by rocks of the Osnytsya complex of the Polissya belt. It is possible to
consider that multicomponent magnetization of different Neoarchean and Paleoproterozoic
geoblocks of the shield is caused exactly by a complicated character of their geological
history. At this stage of studies it is obvious that the most reliable paleomagnetic information
is preserved in the rocks with the age 2.0 Ga and less. These are first of all gabbro-
anorthosites of the Korosten complex, pyroxenites of the Oktyabrsky and monzonites of the
Buky complexes which magnetic remanence is practically monocomponent and may be
considered the primary one [12].

Geomagnetic field of the time of the Korosten pluton anorthosites production has
normal and reversal polarity. According to the data of paleomagnetic mapping [4, 12] the
rocks with normal or reversal polarity are spatially separated and correspond to different
magmatic stages which differ temporally not less than by 5 Ma. Coordinates of geomagnetic
pole, calculated by almost 50 objects of the Korosten pluton range from ® = 30° N, A = 180°
Eto ® = 17° N, A = 160° E with average values ® = 26° N, A = 175° E which may be
considered the datum mark [12] for the interval 1.76—1.74 Ga according to the data of
U-Pb age of the pluton anorthosites [16].

By anorthosites of the Gorodyshche massif of the Korsun-Novomyrgorod pluton
(1.72 Ga [16]), coordinates of geomagnetic pole are wery similar and range from ® = 16° N,
A = 180° E for anorthosites with reverse polarity to ® = 24° N, A = 162 E for anorthosites
with normal polarity. Analogous coordinates of paleopoles have been calculated for the
rocks of mafic dykes of both massifs which transsect both granites and anorthosites as well as
for sedimentary rocks of the Bilokorovychi depression transformed (colored red) under the
influence of granite intrusion [3].

Contrary to rocks of the Korosten complex pole coordinates of rocks of the Buky
complex of the Volyn-Podolian geoblock (aged 2.01—1.93 Ga [16]) have much more lati-
tude: @,, = 58.3° N with some other longitude: A,, = 126.9° E [12]. Mafic dyke in the quarry
of the village Selyshche which intruded into still hot [3] granites of the Osnytsya complex
has analogous coordinates of paleopole. Similar poles are distinguished by two components
of complicated magnetization of granites and diorites of the Mikashevychy quarry (the
Osnytsya complex).

Therefore by the data for magmatites from the Volyn-Podolia geoblock a trend to
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decrease the latitude of the ancient pole from middle to equatorial latitudes is distinctly
revealed. It is significant that grey (unaltered) sandstones of the Bilokorovychi depression
(2.0—1.8 Ga) have intermediate coordinates: ® = 39.2° N, A = 172.5° E [3].

Almost identical groups of poles have been revealed within the Kirovograd and the
Kryvyi Rig belt of the Peri-Dnipro geoblocks. All the mentioned facts evidence that during
the period 2.0—1.76 Ga the USh was an integrated strucrure and was moving (as well as the
whole Sarmatia) in the same direction — from the medium latitudes of the southern hemi-
sphere to peri-equatorial. In this case orientation of the shield was different in contrast to
the contemporary one and was turned to about 50° clockwise [3]. As to the East-European
platform as a whole, it is possible to notice that Sarmatia and Fennoscandia were autono-
mous then because coordinates of the poles and short lengths of imaginary curve of migra-
tion of geomagnetic poles for periods 2.0—1.79 Ga do not coincide there [12].

The poles of the USh for the interval 1.77—1.72 Ga and the poles of Fennoscandia
(1.78 Ga) are more similar, though they also evidence that contemporary relative position of
both shields differs significantly from situation existed during the period 2.0—1.7 Ga ago. It
is still difficult to determine exactly when the shields occupied positions similar to present
ones. According to the data given in [3] it could take place about 1.56—1.3 Ga ago, because
within the limits of the Kryvyi Rig band cenotype mafic dykes are known with coordinates
of virtual pole close to those which have been determined for the rocks of Finland aged 1.56
and 1.3 Ga.

Possibly later in the Mesoproterozoic both Sarmatia and Fennoscandia together with
Laurensia were a part of the supercontinent Rhodinia, and in the Neoproterozoic after the
destruction of this supercontinent both shields of the East-European craton during some
periods were moving apart from Laurensia. Therefore analysis of paleomagnetic and geolo-
gic data evidences that creation of the crust of the shield as well as of Sarmatia and the East-
European platform are intimately related to the process of its accretion and integration
under conditions which are in good accordance with the mechanism of plate tectonics
concept.

Conclusions. Therefore the crust of the shield began to form in the Paleo- and Me-
soarchean in geodynamic conditions of protoisland arcs with which granite-greenstone geo-
blocks are identified. Exactly these blocks probably comprised rather the biggest of the
microcontinents Sumy-Peri-Dnipro and Kursk-Peri-Azov which formed later the contem-
porary eastern part of Sarmatia. In the Neoarchean and Paleoproterozoic the mentioned
above and other microcontinents were being reworked under the conditions of active conti-
nental margins as a result of the closure of separating basins. Magmatic arcs were being
produced then at the expense of the intake the crust of the basins under them. The process
of closure of the basins and creation of accretional mesocontinent was complicated and
multiple: collision conditions were followed by destruction and vice versa. Two Ga ago all
the microcontinents had been already integrated because formations of the Polissya volca-
no-plutonic belt (2.0—1.9 Ga) are superimposed upon the Sarmatia crust and terminate the
constructional stage of its formation.

Destruction of the contemporary southwestern (Sarmatian) part of the almost formed
East-European craton began about 1.8 Ga ago. It is evidenced by the initial stage of the
Riphean predecessor of the Dnipro-Donetsk aulacogene and probably intruding the gabbro-
rapakivi plutons and their analogues. A set of these plutons which comprise as well some
petrologically similar (according to S. G. Kryvdik’s elaborations) alkaline massifs of the
West Peri-Azov is stretched throughout the margin of the DDA. It is not inconceivable that
the time of their formation corresponds to either the initial stage of aulacogene or the
southern border of the East-European craton. By the way in the Riphean the existence of
the large-scale Podolia shift is suggested along the southwestern border of the East-Europe-
an platform about 200 km northwards of Tornquist-Teisseyre line and parallel to it. Its
origin is being related to the continental continuation of the Riphean transform fault which
probably appeared during the Prototethys opening.
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PE3IOME. Ha ocHOBaHMM KOHLIEILIMU TUIMTOTEKTOHMUKN O0BbSICHEHA PerMOHaIbHAsI CTPYKTYpa YKPanHCKOro LIUTa 1
ero mpono/keHus: B npeneiax dynnamenta KOro-3amanHoro cermeHta BocrouHo-EBponeiickoii miaTdopmsl, Win
Capmaruu. McxonHast mo3uuust najeoreoqMHaMMYecKoro aHajlu3a — CyLLeCTBOBAaHME I'DAaHUT-3€J1eHOKAMEHHbIX
reo0J10KOB ((hparMeHTOB apXeCKUX MPOTOOCTPOBHBIX YT), Pa3eIeHHbIX OacceiiHaMK (MEXIyroBbIMU, 3alyTOBbIMU,
MEPUKPATOHHBIMU U T. I1.). 3aKpbITHE 0acCeitHOB, MPeoOpa3oBaHKe MPOTOAYT (BCIEACTBHUE MOMIOLIEHUS MO HUMMU
KOpbl 0acceiiHOB) M WX akKpelMs ¢ obpazoBaHueM CapMmaTHM MPOMCXOIWJIM B BO3PACTHBIX Mpelenax Heoapxes-
MaJjeonpoTepo30si HEOJHOKPATHO: KOJUIM3MOHHbIE OOCTAHOBKM CMEHSUIMCh AECTpyKLMedl M Haobopot. OKojo
2,0 MJIpA JIET TOMY Ha3aJl MUKPOKOHTMHEHTHI, cocTaBiistioline CapMmaruio, yxke o0beIMHIINCh, Tak Kak [lonecckuii
OKpaMHHO—KOHTMHCHTaﬂbeIVI ByJ'[KaHO—]'U'[yTOH]/[‘-lCCKMﬁ IOsIC HAKJIaAbIBACTCsI HA HEE KaK Ha Cﬂl/lelﬁ ME30KOHTHUHEHT.
PaccMoTpeHbl Takxke HeonpoTepo30iCKUe AeCTPYKTUBHbIE M CBS3aHHbIE C HUMM Tpoliecchl B mpeaenax wura. Mx
HayaJloM MpHHSITa nata 1,8 MJIps JieT, KoTopasi OTBevaeT BpeMeHH 3aoxeHust OBpY4CKOro najgeopudTa U BHEAPEHUIO
paHHUX (a3 rabopo-panakMBUIPAaHUTHBIX U POICTBEHHBIX UM IUTYTOHOB.

PE3FOME. Ha mifcTaBi KOHIEMIIT TUIMTOTEKTOHIKM MOSICHEHO PEeriOHAIbHY CTPYKTYPY YKpaiHChKOIO IUTA Ta Oro
MpPONOBXeHHs B Mexax dyHaamenty [liBreHHo-3axiqHoro cermenta CxigHo-€EBpornelicbkoi miardopmu, abo Capmarii.
BuxigHa mo3uiis majieoreoaMHaMiuHOrO aHajlidy — iCHYBAaHHsI I'PaHiT-3€J€HOKAaM’sIHUX Treo0JIOKiB ((parMeHTiB
apXeNHChbKMUX MPOTOOCTPIBHUX YT), PO3AiIJIEHUX OaceiiHaMu (MiXAyroBUMH, MO3aAyTOBUMU, EPUKPATOHHUMMU TOLLO).
3akpurtTsi GaceiiHiB, nepeOynoBa MpoTonyr (BHACIINOK MONTMHAHHS i HUMU Kopu OaceliHiB) Ta ix akpelis y Capmartito
BiIOYyBaJMCs Y BIKOBUX MeEXaX HeoapXelo-MajeonpoTepo30l0 HEOQHOPA30BO: KOJi3iiiHi OOCTAaHOBKM 3MiHIOBAIMCS
NeCTpyKUi€o Ta HaBMaku. binsbko 2,0 MiIpa pokiB TOMy MiKpOKOHTMHEHTH Capmarii Oy/iu Bxe 00’€IHaHi, TOMY 1110
[Tonicbkunit OKpaiHHO-KOHTMHEHTAJIbHUII BYJKAaHO-IUIYTOHIYHUI MOSIC HAKJIAJA€ETbCS Ha Hei SIK Ha €IWHUI
ME30KOHTUHEHT. PO3IJISTHYTO TaKOX HEONpPOTEePO30MChKi IeCTPYKTUBHI Ta MOB’s13aHi 3 HUMM MPOLIECH B MeXax LIUTA.
ix nouarkom Bu3HaHO maty 1,8 Mipx pokiB, sika Binnosinae 3akianaHHio OBpyLbKOro naseopudra Ta GopMyBaHHIO
paHHix (a3 rabopo-panakiBirpaHiTHUX i CHOPIAHEHUX 3 HUMU IUIyTOHIB.

ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 4 57



MMHEPANOTNYECKNH
AYPHAR

UDC 550.46
E. Ya. Zhovinsky, I. V. Kuraeva, N. A. Shurpach, I. L. Kolyabina,
E. V. Gaydikhovych, V. Zh. Bilyk

The Model of Heavy Metals Sorption by Soil Clay
Minerals

The method of thermodynamic modeling was used to develop a model of equilibrium distribution of heavy metals in the
system soil — soil-absorbing complex. The data about migration forms of heavy metals with inorganic components of
soil solution are obtained.

Peculiarities and character of soils pollution by heavy metals is one of most impor-
tant problems of ecological geochemistry. An analysis of their geochemistry and
especially character of sorption by various types of soils are of great interest. With
this aim the thermodynamic modeling of heavy metals (HM) distribution in the
system soil solution — soil absorbing complex (SSC) is conducted. The HM sorp-
tion by clay minerals is considered on an example of turf-averagepodsolic sandy
soil on quartz sands. The program PHREEQC [4] and database Wateq4 used for
modeling, which will be widely used in modeling the balance in geochemical sys-
tems [1].

Soil is a complex heterophaze natural system, its components being in dyna-
mic balance. The basic components of SSC are clay minerals, humus, oxide films
on the surface of soil particles. Humus has the greatest sorbate activity, however,
its contents in the given soil the insignificant in comparison with the contents of
clay minerals 0.01—1.2 and 8.32—14.19 % accordingly (Table 1), the interaction of
HM with organic matter was not considered. The clay fraction of the considered
turf-averagepodsolic soil is presented by hydromica, i. e. illite (42—44 %), mont-
morillonite (46—50), kaolinite (8—10 %). Some augmentation of clay fraction con-
tents with depth from 8.32 up to 14.19 % (Table 1) is fixed. Chemical composition
of soil solution is presented in Table 2.

The basic minerals of clay fraction are montmorillonite and illite, having high
absorbing ability. As a result, their contribution to the process of absorption of
SSC cations can be essential. Chemical composition of the soil solution is present-
ed in Table 2. It is known, that the minerals with crystal lattice of 2 : 1 type absorb
much more HM ions, than minerals with the lattice of 1 : 1 type (Table 3).

To estimate HM absorption by clay minerals we have used the model offered
the by P. Fletcher and G. Sposito [2]. The equilibrium constants are presented in
Table 4. It was supposed that the sorption of copper, zinc and nickel occurs both
on the surface of illite, and montmorillonite. Thus it was accepted, that the con-
stants of sorption on clay minerals are identical, and the features of absorption
were defined by quantity of metabolic centers on the surface. Two types of ex-
change centers on each exchanger were considered. The first type of exchange
centers does not depend on pH and corresponds to constant negative charge on the
surface arising owing to heterovalent isomorphous displacements in the crystal
lattice of minerals (more often Si** is substituted by AI3* — in tetrahedral, and
Mg?2* by AI3" — in octahedral lattices). The arising negative charge is compensated
by metabolic cations, usually by Na*, Ca2*, Mg2*. The second type of exchange
centers depends on pH and results from hydration of mineral surfaces. The groups
on lateral sides and ribs of laminated silicates — weakly acidic hydrolyzed AIOH?2*
and SiOH3* — to the second type. The basic mechanism of cations absorption is

© E. Ya. Zhovinsky, I. V. Kuraeva, N. A. Shurpach, I. L. Kolyabina, E. V. Gaydikhovych, V. Zh. Bilyk, 2002

58 ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 4



THE MODEL OF HEAVY METALS SORPTION

*03UBYOXd SUOIIED JO IQUIBIUOD — T4 0 10 N

[€] s[esouru Ae[d dwios jo dNSLRIRIRBY)) € U]

‘pIoe orwNy — P ‘pIoe oAy — 7 ‘Aiiqezipixo ojeuesuewsod — 0g 910 N

7'9 Hd 18 /3w ‘uonnjos [10s Jo uonisodwod [BIMWIY)) 7 /U]

[10S JO JMSLIdIRILYD [BIMUIYI-0ISAYd pue uonisodwod JLNPWOMURIL) 7 /gD ]

59

ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 4



ZHOVINSKY E. YA. et al.

formation of complexes on the surface of clay minerals [5].

According to the pattern offered by P. Fletcher 85 % fall on the first type of
centers of the total amount, 15 — on second accordingly.

Quantity of exchange centers on illite (two types): ¥ — 6.336-1073 mol (85 %
fall on the first type of centers); X — 3.589:1072 mol (15 % fall on the second type
of centers). Similarly, quantity of metabolic centers on montmorillonite: Ym —
2.526-1072 mol (85 %); Xm — 1.431-107! mol (15 %).

Since absorbing properties of clay minerals were not defined experimentally
(the charge density on the surface and its specific surface), the quantity of ex-
change centers was selected. Quantities of metabolic centers on surfaces obtained
for minimum and maximal value of charge density and specific surface were used
as original approximation. The conformity of design and experimental composi-

Table 4. Equilibrium constants for chemical reactions

Reaction | Log & [ Reaction | Log k
Y =Y 0.00 Zn?+ 2Ym = ZnYm, 24.16
X =X 0.00 Ni2+ 2Ym™ = NiYm, 23.60
Ym = Ym 0.00 Na'+ X~ = NaX 10.00
Xm™ = Xm 0.00 X + H'= HX 10.10
Y + Na+ = YNa 10.00 X + K' = KX 10.26
H,0 +Y =YH +OH 0.01 2X™ + Ca'? = CaX, 20.17
K'+Y =KY 10.26 2X° + Mg'? = MgX, 20.17
Ca' + 2Y = CaY, 24.20 2X" + Cu*? = CuX, 20.13
Mg+ 2Y = MgY, 24.20 2X + Zn'? = ZnX, 20.17
Cu?+ 2Y = CuY, 24.16 2X" + Ni'? = NiX, 20.25
Zn*?*+ 2Y = ZnY, 24.16 Na'+ Xm = NaXm 10.00
Ni'2 + 2Y™ = NiY, 23.60 Xm + H' = HXm 10.10
Ym + Na' = YmNa 10.00 Xm + K" = KXm 10.26
H,0+Ym™ = YmH + OH 0.01 2Xm~ + Ca'? = CaXm, 20.17
K"+ Ym = KYm 10.26 2Xm~ + Mg'? = MgXm, 20.17
Ca?+ 2Ym = CaYm, 24.20 2Xm + Cu'? = CuXm, 20.13
Mg+ 2Ym = MgYm, 24.20 2Xm™ + Zn'? = ZnXm, 20.17
Cu?+ 2Ym = CuYm, 24.16 2Xm~ + Ni*? = NiXm, 20.25

Note: X7, Y~ — quantity of exchange centers on illite; Xm~, Ym~ — quantity of exchange centers on montmorillo-

nite.

Table 5. Initial concentration of components of soil solution in mol, pH 6.2

Element | Concentration, mol /L [ Element [ Concentration, mol/L
C 1.068:107° Mg 2.325-1072

Ca 74291072 Na 4740107

Cl 8.645-107* Ni 6.59810°*

Cu 9.468-10° S(6) 1.152:10™

F 1.057-107° 7Zn 3.321-10°%

K 4628107

Table 6. Design composition of exchange complex
Concentration, on Concentration, Concentrationl on| Concentration,
Component centers X", mol/L % Component Cen:ﬁ(ﬁ )]im , %
CaXy 2.481-107 69.11 CaXmy 9.892-107 69.11
MgX, 7.767-10° 21.64 MgXm, 3.097-1072 21.64
KX 8.328-10°* 2.32 KXm 3321107 2.32
NaX 7.926-107 221 NaXm 3.160-107 221
ZnX, 1.122:10° 3.13 ZnXm, 4472107 3.13
CuX, 3.142-10 0.88 CuXmjy 1.253-103 0.88
NiX, 2512101 0.70 NiXm, 1.002-107 0.70
HX 1.041-10°8 0.00 HXm 4151108 0.00
CaY, 4.613-10°® 7276 CaYmy 1.839-1072 72.69
MgY, 1.444107° 22.78 MgYm, 5.758107 22.76
7ZnY, 1.924-10 3.03 ZnYmy 7.670-10° 3.03
CuY, 5.910-107 0.93 CuYm, 2.356-107* 0.93
YH 1.477-107 0.23 YmH 5.886-107 0.23
NiY, 9.780-10° 0.15 NiYm, 3.899-107 0.15
KY 1.459-10° 0.02 KYm 5818107 0.02
YNa 1.389-10° 0.02 YmNa 5.537-10° 0.02
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Table 7. Equilibrium distributions of concentration of soil solution components

Forms of migration Concentration
mol/L | %
F
F 1.043-10° 98.40
MgF" 7.560-10° 0.71
CaF" 3.183-10°° 0.30
HF 7.471-10° 0.07
NaF 2.74710°° 0.03
ZnF* 2.334-10° 0.02
CuF" 9.237-10 " 0.01
NiF" 6.141-10° 0.01
Ca
Ca* 9.201-10" 99.52
CaHCO% 2.286-10°° 0.25
CaSO, 2.071-10°° 0.22
Mg
Mg* 2.760-10™* 99.28
MgSO, 7618107 0.27
MgHCOY 6.565-107 024
MgF" 7.560-10° 0.03
K
K 4.663-10™ 99.98
KSO; 9.71-10°® 0.02
Li
Lit 2.0980-10" 0.24
LiSO; 2.78:10° 0.013
Na
Na' 7.780-107" 99.97
NaHCO; 1.32:107 0.02
Cu
Cu*’ 1.341-10° 84.87
CuHCO% 1.247-10°° 7.89
CuCO; 7.519-107 4.76
Cu(OH), 2468107 1.56
CuOH" 9.893-10° 0.63
CuSO, 2.943-10° 0.19
CucCl" 1.103-10° 0.07
Cuy(OH) 2 7.109-10° 0.04
CuF" 9.237-10 " 0.01
Ni
NiZ* 8.133-10°° 90.37
NiCOs 6.294-10" 6.99
NiHCO? 2.083-10” 231
NiSO,4 1.704-10°® 0.19
NiCl* 6.243-10”° 0.07
NiOH" 8.280-10 " 0.01
NiF" 6.141-10" 0.01
/n
Zn>* 4366107 97.02
ISSN 0204-3548. Mineral. Journ. (Ukraine). — 2002. — 24, N 4
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End of Table 7.

Forms of migration Concentration
mol/L | %
ZnHCO3 1.020-10° 527
ZnSO, 1.100-107 0.24
ZnCOs 9.094:10° 0.20
ZnCl" 3.591-10° 0.08
ZnOH" 3.531-10° 0.08
ZnF" 2334107 0.01

Table 8. Experimental and design values of concentration of elements on exchangers under the pattern
of HM sorption on clay minerals

Element Concentration, mol/L Error, %
Experimental | Design Absolute | Relative

Ca 1.469-107" 1.467-10"" 1.470-10* 0.10
Mg 4.590-1072 4.594-10 2 3.900-107 0.08
K 4.590-10° 4.161-10°® 4.289-10* 9.34
Na 4.590-10 5 3.960-10 5 6.305-10°* 13.74
7Zn 6.514-10° 6.553-10° 3.972:107 0.61
Cu 1.885-1073 1.862:10 5 2.351-107 1.25
Ni 1.314-10° 1.302:10°° 1.161-10° 0.88

tion of water solution (aqueous extract) were used as the selection cessation crite-
rion.

The composition of hypothetical water solution was set for starting solution,
in which the concentration of cations corresponded to total quantity of cations in
aqueous and saline extracts (Table 5); and the concentration of anions corresponded
to their concentration in the aqueous extract. Quantity of metabolic centers of
each kind was also set. The modeling was conducted under standard conditions
(T =125"°C, Pcoz = 101.325 kPa). The estimation results are presented in Tables 6—8.

Aqueous phase (pattern of a pore solution); easily soluble mineral phases,
which potentially could pass in aqueous and saline extracts; one-two ion-exchange
phases were included in the system at modeling. For the account of interaction
with the gas phase it was accepted, that log P = —3.36.

Thus, the thermodynamic accounts have allowed to establish, that the migra-
tion of calcium, copper, fluorine, magnesium, nickel, zinc is realized in a form of
free ions. In the soil solution of Cu?* there are 84.87, CuHCO; — 7. 89, and
CuCO; — 4.76 % accordmgly The migration forms of nickel, %: Ni2* — 90.37,
NiCO; — 6.99, NiHCO3 — 2.31, NiSO, — 0.19. Equilibrium d1str1but10ns of the
migration forms in the soil solution for zinc, %: Zn2* — 97.02, ZnHCO; — 2.27,
ZnSO, — 0.24, ZnCO; — 0.2. As a result of the accounts it was established, that
the data on sorptions, obtained on the sorption pattern, on the surface of two clay
minerals coincide with experimentalones (Table 8), the most part of HM is sorbed
on the surface of montmorillonite (up to 80 %).

The average relative error E was used to check the pattern adequacy:

100 &Y, - Y,

e=gat

el

where Yez Y, — experimental and design values of the output parameter, accord-
ingly.

The relative error for design concentration Ca, Mg, K, Na, Zn, Cu, Ni on
exchanges does not exceed 14 %, that testifies to rather high degree of the design
data conformity with experimental data. It is established that up to 80 % of heavy
metals are sorbed on montmorillonite surface.

As a whole, the pattern of HM sorption in the system soil solution — SSC is in
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good agreement with the experimental data. To specify the pattern, it is also expe-
dient to consider the system including humus.
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PE3IOME. MeToioM TepMOIMHAMMUYECKOr0 MOIEIMPOBAHMs pa3paboTaHa MOJEIb PABHOBECHOIO pacIpeieieHust
TS2KEJIbIX METAJUIOB B CUCTEME IMOYBA — l'lO‘-lBCHHO]'lO]'J'IOLLLa]OLLLVI]‘;I KOMIUIEKC. nOJ’Iy‘iCHb] JIAHHBIE O MUTPAlMOHHBIX
q)OpMaX TSAXKEJIBIX METAJIOB C HECOPraHM4YeCKMMU KOMITOHEHTaAMHU IMOYBEHHOI'O pacTBOpa.

PE3IOME. MeTonoM TepMOJIMHAMiYHOTO MOJIETIOBaHHSI PO3pO0JIEHO MOJIEN b PiBHOBAXKHOTO PO3ITOITY BAXKKUX METANB

y CHCTEeMi IDYHT — IPYHTOBOMNONIMHAIOUMIA KoMIuiekc. OnepxkaHo JaHi Mpo MirpauiidHi GpopMu BaXKHX METaliB 3
HEOPraHiYHUMU KOMIIOHEHTAaMU [PYHTOBOIO PO3YMHY.
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MeoxiMmiyHi LMKNN 3aNi30HAKONMUYEHHS
y AOKeMOpii YKpaiHCbKOro wura

Y nokeMOpii YKpaiHCbKOTIO 1IMTa BUALISIOTh YOTUPU METATOTEHIYHI eMoX|, 110 OyJIu CPUSTIMBUMU AJ1s1 GOPMYBaHHS
ponoBull 3ajiza — paHHbO- (3,6—3,4 MJpa pokiB), cepenHbo- (3,4—3,1), misHboapxeiicbka (3,0—2,7) Ta paHHBO-
npoteposoiicbka (2,3—2,0 muipa pokiB). Po3rsiHyTo reosoriyHi mporecu, 1o o0yMOBWIM YTBOPEHHST HAMOLIbIIMX
poaoBuul 3 nMorsiny reoximiyHmx uukiis B. 1. BepHaacbkoro.

Ponosuiiia i pynonposiBu 3ajiiza YTBOPIOBIKCST YIIPOJOBX BCi€i reosoriyHoi ictopii dop-
MyBaHHS1 YKpaiHcbkoro niuta (YII). 3anizo Mae migBuilieHUI KJIapK i € HIOUTO "MapKylo-
yuM" a60 "HACKpPi3ZHMM" eJeMEHTOM. Moro migBuilieHa KOHLEHTpALs BUHMKAE Y Pi3HO-
MaHITHUX T€0JIOTIYHMX OOCTAaHOBKAX i B Pi3HMI T'€OJIOTIYHUI Yac.

Hns Bcix HOKeMOPIMCHKUX IIUTIB CBITY € XapaKTePHUM IIMPOKE PO3MOBCIOAKEHHS
3aJ1i3UCTO-KPEMEHUCTUX (DopMalliid, JJ1s1 SKUX OCHOBHOIO O3HAKOIO € HasIBHICTb CMYyTacTUX
3aJi3UCTUX KBapLUTiB. ['eHe3uCy YTBOPEHHS 3aJi3UCTUX KBAPILIUTIB MPUCBSYEHi HAyKOBi
po0OTH, 110 OXOILTIOITh Maiike CTOPIiYHUM BiApizok yacy, mounHawouu 3 pooiT K. I. bor-
JIaHoBMYA [4], sSIKWiA Briepllie BUCIOBUB JYMKY IIOAO0 MOXJIMBOCTI YTBOPEHHSI PYIHUX POJO-
BUILl y TMpoueci MeTamopdizMmy. Y  IojajblioMy 110 IpodJeMy BUBYQJIM TaKi
BuaatHi BueHi, gk 4. M. benesues, T. B. bimi6ina, A. M. I'ynBin, B. C. Jlomepes,
I'. 1. Kanges, . A. Muxaiinos, . B. Pynnksict, M. Il. CemeHeHKO Ta 6araTto iHIIKX.
Ockinbku 115 TIpobjieMa CKJIaJHa i OararorjiaHoBa, TO J0 Hel JOBOAUTHLCS TaK YW iHAKIIIE
3BEPTATUCS KOXHOMY TeOJIOTY, 110 BUBYAE JTOKEMOpIlChbKY icTOpilo 3emili.

IcHye Benuka KiJIbKiCTh TilTOTE3 YTBOPEHHS 3aJli3MCTUX KBapLIMTIB, ajie 3arajoM BOHU
3BOISATHCS JO TPHOX Ipy [6], KOXHA 3 IKUX MICTUTBH 1€ KiJibKa pi3HoBuaiB. ITocainoBHU-
KU TIepIIOi TPyMH TiMoTe3 BU3HAIOTh HASIBHICTh Y MPUPOi 3a1i3MCTOI MarMHM, 3 SIKOi 3aBIsI-
KU TIpoliecaMm audepeHiliallii YTBOPIOIOThCS 3ajli3UCTi KBapUWTU. TaKuii TOIJISIA BIIEepIie
3anporioHoBaHo 1e I. I. Tanatapom y 1923 p. i minTpuMyloThCsl IeSKMMU aBTOpaMM i TOCi
[8].

I'pynma rimote3, sika BUM3HA€ MEPBUHHO-OCAAOBE MOXOMXEHHS 3ajli3UCTUX KBapIIUTIB
HUHI Ma€e HaibiIbIy momnyaspHicts [1, 2, 13 Ta iH.]. 3ami3ucTi KBapLUUTH PO3IJISAAIOTHCS
SIK IPOAYKTH MeTaMopdizMy NMEePBUHHO-0CAT0BOIO MOXOMKEHHSI (200 XeMOTeHHO-0CaI0Bi)
y CKJami 3ali3MCTO-KpeMeHMCTUX dopmaliil. 3ajekHOo BiJ IEpBMHHOIO JKepesa 3aji3a
iCHYIOTh KiJIbKa BapiaHTiB LIMX TillOTe3: TEPUT€HHO-0CaJ0Ba, BYJKAaHOTEHHO-0CAI0OBa i aKy-
MyJIsILiifHA.

[MpuxuibHUKU MeTaMOP(POTreHHO-TiIpOTepMaTbHO-METaCOMAaTUYHUX TilOTe3 BiIAaloTh
MPOBIAHY POJb TpollecaM MeTacoMaTo3y ITiJi Yac YTBOPEHHS 3alli3UCTUX KBapuUMUTiB [12,
14]. MeTtacoMaro3 BiIOyBa€TbCS HE TUIbKU ITiJ 4ac MepeTBOPEHHS c(HOPMOBAaHMX IOPil,
ajie BXXe Ha MOYaTKOBUX CTamisix (CTamii KaTareHe3y) yTBOPEHHSI pyIHUX MiHepalliB (MarHe-
TUTY, TEMATUTY), 110, BIacHE, i 3yMOBIIIOE cMyracTi Tekctypu [13]. OcTaHHIM yacoM Belu-
KOIO TOMYJIIPHICTIO KOPUCTYIOTHCSI TMAJ€OTEKTOHIYHI MOAeNi 3ali30HAaKONMMYEHHS B J0-
KeMoOpii [7, 10].

OTXe, iCHY€ BeJIMUe3Ha KiJIbKiCTb TEeHETUUHUX MOJIe/Ieii BAHUKHEHHS 3a1i3UCTUX KBap-
LIUTIB, SIKi TIOB’sI3aHi 3 HU3KOIO MPOOJIeM TeoJIoTii JoKeMOpito. AJie y 1iiif cTaTTi He CTaBU-
JIOCh Ha METi TPOBOAMTU aHajli3 HaBENCHMX TiloTe3 ab0 BUCYBaTH BJAcHY. 3ayBakKHMO
JIAIIIE, 110 KOXHA 3 HUX Ma€ MpaBo Ha iCHYBaHHSI, i B KOHKPETHUX T€0JOTiYHUX YMOBaX ISt
TIEBHOTO T€0JIOTIYHOTO Yacy (METAJOTEHIYHOI €MOXM) MOXe HaOJIMXaThcs 0 MiCHOCTI Ta
yy iHura. OueBUIHO, CXOXi reosioriuHi hopmallii yTBOPIOIOTbCS B Pi3HMX YMOBaxX I Ji€l0
pPiI3HOMaHITHUX TMPOIIECIB 3a MPUHIUIIOM KOHBEPTEHTHOCTI.

VY nokem6pii YIII MoXHa BUIIIUTUA YOTUPY METAIOT€HIUHI €ITOXM, 10 OYJIM CIpPUSIT-
JIUBUMU 111 (hOpMyBaHHSI POJOBUIIL 3ajli3a — PaHHbLO-, CEPEIHbO-, Mi3HbOAPXEUCHKY Ta
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Tabauys 1. MeTtajioreHiuHi enoXu ii eTamy 3aJi30HAKONMYEHHS y J0KeMOpii YKpaiHChKOro muTa, MJpA POKiB

NDpuwmiTtxka. Y nyxkkax — gani mo 3auizuctum dopmaitisim.

PaHHBOIIPOTEPO30MCHKY, a TaKOX BiCiM
eTarliB: HOBOMNABJiBCbKUIA, KOCUBLIIBCbKUH,
KOHKCHbKUM, 0iI03epChbKUM, TYIIUMiIb-
CbKUU, CXiTHOAHHIBCHKUI, KPMBOPi3bKUU Ta
dpyH3eHCbKUi (Taba. 1).

HaiinpeBHimi 3a1i3ucTo-KpeMeHUCTI
dopMallii BUHUKJIN y paHHbOAPXEUCHKY
emnoxy (3,6—3,4 MJIpa poKiB) — 1ie YTBOPEH-
HsI HOBOIIaBJiBCLKOTO KOMILIeKCY. Pyau
BiTHOCSITbCS OO 3aJli3UCTO-KPEMEHMUCTO-
€BJII3UTOBOI (hopMallii, TpeACTaBIeHI BUCO-
KOTJIMHO3EMUCTUMHU TIOPOAAMU TPaHYJIiTO-
Boi (pauii metamopdizmy. Bucoki cryneHi
MeTamMop(di3My Ta HEIOCTATHSI BUBUYEHIiCThb
Mopig He maloTh 3MOTYM TOBOPMUTHU PO iX
KOHKpeTHUI TeHe3uc. Y IlpuazoBcbKomy
Merab6joui BumingoTh OpixoBo-IlaBio-
TpanchKy IpyIy ApiOHUX POMOBMII i PyHO-
yTBOpeHb: [laBnorpanceke, €1i3aBeTCHKO-
Tpoiuske, [IpeobpaxkeHiBcbke, [1aBiBcbke,
BacunbkiBcbke, TepcsiHebke, BacuHOBCBKe,
HoBopaHnuniBchke. Bci BoHM He MaloTh Mpo-
MUCJIOBOTO 3HayeHHs. Ha iHmmx mutax
CBiTY HaWApEeBHillli 3ali3UCTi KBapLUUTU
3HaiineHo y I'peHnannii (paiton Icya) 3
BikoM 3,8—3,7 mupa poKiB.

YTBOpeHHSI cepeHboapXxenchbkoi (3,4—
3,1 MJIpH pOKiB) MeTaJOTeHIYHOI enoxu
MPEACTABJIEHI KOCUBLIBCbKOK (OLTbLI HiX
3,3 MJIpIL pOKiB) Ta KOHKCBHKOIO 3aJ1i3UCTO-
KPEMEHUCTO-METa0a3uTOBOI0 (hOpPMALIIi€IO.
3ali3ucTi KBapLUTH, 10 HajexXaTb A0 3e-
JICHOKaM’sTHOI KOCHBIIiBCbKOT TOBIIIi, MalOTh
He 30BCiM BU3HAYeHE T'eOXPOHOJIOTiYHE MO-
JIOKeHHsI. IXHs BepxHs BikoBa MexXa BCTa-
HOBJIEHA 3a KBaplLOBUMM AiopuUTaMU 100-
POMiILCHKOrO KoMILIeKeY (3,3 MIpI POKiB),
1110 MalOTh iHTPY3UBHUI KOHTaKT i3 3a1i3M-
cTUMHU KBapuutamu [19].

KoHKcbKa 3al1i3UCTO-KPEMEHUCTO-Me-
Taba3uToBa (popmallisl IIMPOKO PO3IMOBCIO-
IxeHa, ocobauBo y CepeaHbOIPHIHI-
MPOBCbKOMY paiioHi, i Ma€ BiK, OJM3bKUI
no 3,15 mupa pokiB. HaiiGinbimm pomo-
BullleM 3ajliza € YopTomMauubke (3amacu
6m3bko 1 muipa T). Ui cepeaHboapXench-
KOi eMoXy XapakKTepHEe YTBOPEHHSI KUCIUX
MeTaBYJIKaHIiTiB i KOMIUIEKCiB IIJario-
rpaHiTiB. 3arajiom ernoxa 0OyJjia MaJONpOIyK-
TUBHOIO ISl HAKOTIMYEHHs 3aJli3a. Y TeHe-
TUYHOMY acCTeKTi He BUKIIMKAE CYMHIBY, 1110
YTBOPEHHSI POAOBUIL i pyIONMPOSIBIB 3ajiza
OyJ0 TicHO TOB’sI3aHE 3 BYJKaHIYHOIO
TisUTBbHICTIO TIEpeBaKHO OCHOBHOIO CKJIamy.
Y nizHbOapXeMChbKy METAJIOTeHIYHY EIoXy
HaKOIMMYEHHS 3aji3a BinOyBajaocs y TpU eTa-
nmu — 6ino3epcekuii (3,0—2,9 mupa pokiB),
TyJISIANIbChKUA (2,85) i cximHOaHHiIBCbKU
(2,6).

binoszepchka 3amizucTo-KpeMEHUCTO-
JenTuToBa popmalliss BUIIISIETbCS y CKIAMIi
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6inoszepcbkoi cBitn y CepeaHborpuaHinpoBcbkomy Meraouoni (binozepcbka, KoHkcbka Ta
BepxiBuiBcbka cTpykTypu). st Hel XapaKTepHU TICHUI TeHETUYHMI 3B’30K 3aTi3UCTUX
KBapIIUTiB 3 MeTaBYyJIKaHiTaMU NalUT-piojliToBOro ckiamy. Ll dopmaliiss MicTuTs mopoau
TepUTEHHO-XEMOTEHHI i BYJKaHiYHi Ta € HAYe0TO MEePEeXiTHOI0 MiK KOHKCHKUM (aJIbITOHCh-
KMM) i KPUBOPI3bKUM TUMAMU TeojjoriyHux dopmaniii. HalTumoBiluum mpencTraBHUKOM
Oino3epcbKoro Tuily € ponosuile IliBneHHo-binosepceke (bino3epchkuit paifoH) i3 3ama-
camu 10 40 mupn T. 130TONMHUI BiK MPOAYKTUBHOI TOBIII IMPOAATOBAHO ACTAIbHO 3a MiICTHU-
JIAIOYMMU 1 TIEpEKPUBAIOYMMU KUCIUMM METaBYJKaHiTaMU.

Tabauys 2. 3icTasBiaenns po3pisiB KpuBopi3bkoi cepii [11]

K p1BOpi3bK M panoH K pemeHyyupK A panoH
CsiTa Migceita [Opn30HT, M CsiTa MigceiTa [Opn30HT, M
[‘meeBarcbka MoHan 2000
BepxHs [o 900 M'aTa 20-300
"oaHuiBCbKa YereepTa 200-800
HwkHst 150170 FnaHuiscbka  [Tpers 300-350
Opyra 80-750
Mepwa 20-80
(HUXHS)
BepxHs Cbomuin
3anisopygHa  |3ani3ucTum
(300—360)
Cuons o o
BuI (45-75) 70)
LUl ocTni 3aniawc- qu.Bepwa'
ThiA (10 400) :;eanlsmcmm (=
)
L octui Tperiit o
3aniavuctui (3—40) ?ggﬂgg%';m
M’'aTui 3anisnc- '(?J'IF;}:-:-LT:BVIVI
Tmn (Jo 215) (30-300)
M’atun cnaHuesmn Opyrun
CakcaraHcbka (o 120) CakcaraHcbka craHLesnii
YeTtBepTun 3ani- (30-300)
auctmm (140-215)
YeTBEpTUI CnaH-
CepepHs uesun (oo 100)
craHLesa Tpertivi 3anisuctun O pyrun
(no 120) 3aniaucTui
[T peTiv cnaHuesnn (20-350)
(g0 80)
dpyrun 3aniau-
ctui (30-750)
dpyrun cnaHue-
HwxHsa By (10)
sanisopysHa Mepwnn 3anianc- I'Iepl.umm .
> 3anisncTum
T (20—145) (10-200)
n . Mepuni
ePUMM crnadue- CraHLeBni
Bui (80-160) (60-150)
BepxHs K apboHar-
(Tanbk-Kap- 10-170 TanbKkoBuUn (7—
OoHaTHa) 65)
CepegHs CkerntoBarceka CnogaHnx
CkentoBarckka |(dpiniTosa) 20—180 cpiniTonopi6-
HUX CnaHLUiB
(= 20)
H mxHa K BapumTonogio|
(apko3o- 20—-160 HUX
KBapLMTOBA) MeTarickOBUKiB
(40-50)
1 OBOK p1BO- 1300 HoBok puBso- 945
pisbka pisbka
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VY ryasininbChbKU eTan yTBOPIOBAIMCSI TOPOAM 3ali3UCTO-KPEeMEHUCTO-JIENITUTOBOL
dopmallii, Ayxke CcX0Xi 3 0i1103epCbKUM TUIIOM. BOHM pO3MOBCIONXKEHiI TiIbKU y TY-
JANNiNbChKiN cuHKIIiHAi. [IpomyKTMBHA TOBILIA Ma€ cepeaHio MoTyxXHicTh 150 M. 3amacu
Ha TYJSIUIIbCbKOMY POIOBUILI CTAHOBJATH 4,5 MJIPI T, i30TOMHUIA BiK BU3HAYAIM 3a KUC-
JIUMU METaBYJIKaHiTaMM, 110 € CUHT€HETUYHUMM i3 3aTi3UCTUMU KBapLUTaMU, BiH CTaHO-
BUTH 2,8 MJIpJ pOKiB. Y MiZHbOAPXEHCHKUIA eTar, UMOBIpHO, YTBOPIOBAIMCH MOPOAM CXiTHO-
aHHIBCHKOI 3aJli3UCTO-KpeMeHUcTol opmarltii. 3amizucti kBapuutu CXiTHOAHHIBCHKOI I1O-
JIOCM MaloTh MOTYXHicTb 10 50 M i € mpeaMeToM IMCKycii O6arato pokiB. He 3’sicoBaHi ix
reHe3uc i crparurpacgiyde mnoyioxkeHHs. Heski OOCTIMHUKM BiMHOCSTH Ii YTBOPEHHS IO
KOHKCBKOI cepii, AesIKi — 10 HOBOKPMBOPI3bKOi CBiTH, a iHILI BUIIISIOTH Y CaMOCTIHY
cepilo BepxHboapxeichbkoro Biky [18].

Binomo, 110 3a1i3MCTO-KPEMEHUCTY CXiTHOAHHIBCHKY TOBIIY CidyTh ILIariorpaHiTd 3
isoTomHUM BikoM 2,6 Mapa pokiB. Ha miif migcTaBi My BUOIISIEMO CAMOCTIMHUIA eTar, ajie
mam’sITaEMO, 110 HWXKHSI MeXXa LIbOTO eTaIly MOKU 1[0 He BU3HAYeHa i MoTpedye Moaaibliio-
ro JOCTIXEeHHS. Y paHHbOIPOTEPO30OMCHKY METaJOreHiuHy ernoxy (2,6—2,1 MiIpa pokiB)
dopmyBanucs YUCIEHHI POAOBMIIA, 1O MOB’SI3aHi i3 3a1i3UCTUMM KBapIUTaMU XEMOTCH-
HO-TEpUTE€HHOI 3aJli3UCTO-KpeMeHUCTO-caanueBoi ¢opmanii. Ha YII wi yrBopeHHSs
noB’s13aHi 3 KpuBopizbko-KpemeHuyipkoio 3o0H010. IlimcTriaouynMy mopogaMu IS ITOpin
3aJ1i3UCTO-KpPeMeHUCTOI hopmallil € MOpOIU CaKcaraHChKOTro KOMILIEKCY 3 BikoMm 3,0 Mipn
pokiB [17], abo rpaHiTh AEMYPUHCHKOTO KOMIUIEKCY (pailoH 2KOBTOpPiYE€HCHKOI CTPYKTYPH)
3 BiKOM 2,8 MJIpI POKiB.

KpuBopi3bKka cepist OiIUTbCSI Ha IT’SITh CBIiT: HOBOKPUBOPI3bKY, CKEIIOBATCHKY, CaK-
CaraHchbKy (BJacHe pyIHY), TIAHIIIBCbKY Ta IJIeEBATChbKY. PeUOBMHHMI CKIad i TEKCTYpHO-
CTPYKTYPHi OCOOJIMBOCTI LIMX CBIT JAE€TaJbHO OMNMCAHO Y Ipalsix 0araTbox aBTopiB [2, 3, 10
Ta iH.], TOMy MM Ha HUX He 3ynuHsieMocsi. HaBememo TUTbKM TaOJMIIO, € 3iCTaBIEHO
po3pi3u KpuBopi3bKoi cepii y Kpuopizbkomy i KpeMeHuylibkoMy paiioHax (tab6u. 2). [e-
TaJbHillle 3yMMHUMOCS Ha BUBYEHHi aM}iOOJIiTiB HOBOKPUBOPi3bKOi CBiTU, TOMY IO KHUC-
JIUX Topif (sIKi Oyau 6 mpuaaTHi IJ1sT TeOXPOHOJIOTIYHUX JAOCIIKEeHb) Y KPUBOPI3bKili cepil
He BUsiBJeHO. CripaBa B TiM, 110 BMBYEHHS BiKOBUX PaMOK YTBOPEHHS MTOPil KPUBOPi3bKOI
cepii HEJOCTaTHbO OXOILUTIOE CaM€ HWXXHiil XpOHOJOriyHuii pyoik. Mu 3pobwin crnpoly
0e3MmocepeIHbO BCTAHOBUTH i30TOITHUI BiK 32 UMY MeTaba3utamu. s iboro OyJjia Bigiopa-
Ha mpoba 3 BimcaoHeHHs Oinsg c. JlariBka ([JHimpomeTpoBchbka 00i1.). AM@IOOTIT cKia-
JAEThCS 3 POroBOi OOMaHKM Ta IUIAriokiady, iHOomi MicTUTh GioTuT i kBapi (mo 1—2 %).
Hyxe npiOHi IUPKOHU MiCTIThCsI came B amiboJii, 3BiAKM ix i OyJio BUAiIEHO y HE3HAYHIN
KiJIbKOCTi.

I3oxponnwmii Bik Bimnmosigae 2,3 + 0,025 mupa pokiB [15]. Ha xanb, 1o uudpy He
MOXHa BBaXaTW KiHIIEBOIO, TOMY IO Ay>XK€ Majio TOYOK Ha miarpami. Jlo TOro xx yTBOpeHHs
LIMPKOHIB MOX€E BiITBOPIOBAaTU HE Yac MEPBUHHOTO €(hy3UBHO-0CAAOBOTO MPOIIECY, a JIUIIIE
yac MeTamop@dizMy, TOOTO YyTBOPEHHSI camMux am@iOoiTiB. Aje, OepyuyMd OO yBaru 3arajb-
HOTeOJIOTiYHi JaHi, 3a HIDKHIO MeXY YTBOPEHHSI MOPil KPpMBOPi3bKOi cepii MM MpuitMaeMo
2,3 muipA pokiB. BepxHsT Mexxa MpUiiMaEThCsl 3a YaCOM YTBOPEHHS TETMaTOIMHMUX T'PaHiTiB,
1O ciuyTh MOPOAM KPUBOPi3bKOi cepii [16] — 2,1—2,0 Miupa pokiB.

3aBeplly€eTbes 3ani3oHaKonmuueHHs y nokeMopii YIII y dpyH3eHchKkumii (2,0 Miipn pokiB)
eran. OpyH3eHChKA 3aTi3UCTO-KPEMEHUCTO-KIaCTOreHHa (hopMalliss BUMIISIETbCS Y THX Ke
MporuHax, 10 i KpUBOpi3bKa, mepeBaxkHo y KpemeHuylbKoMy paitoHi. I30TomHMIii Bik
BU3HAUYa€ThbCs TibKM 3a K-Ar MeTomom, ajie CIOCTepiraéMo peTioHaAIbHUN PO3MMB MiX
MopoJaMU CcaKCaraHChbKOl1 Ta THAHIIBCbKOi CBIiT. Jlo TOro X iCHye iCTOTHA BiIMiHHICTb y
PEYOBUHHOMY CKJIaJi 3a1i3UCTO-KPEMEHUCTUX (hOpMalliil THAHIIIBCHKOTO TUITY, 3’ ABJISIOThCS
XeMOTeHHi KapOoHaTHi mopoau. OTxXe, HaKOMMYEHHS 3alli3a BigOyBaJloCsl YIPOMOBX BCiel
nopudeiicbkoi reosnoriynoi icropii YII. Ilpu npomy mpoiec MIIOB He piBHOMipHO, a
LIMKJIIYHO, TOOTO TO MOCHUJIIOIOUMCH (HAa KOPOTKi BiApi3KM Yacy), TO 3aTyxarouu (Ha JOBTi
Bimpisku 4acy). [Tpomixku yacy MiX eTamamu ctaHoBaATh Bim 100 mo 315 MJIH poKiB.
Haii6inpmmii mpoMixXoK Iepeaye ernoci MaKCUMaJIbHOTO PYAOYTBOPEHHSI — KPUBOPi3bKiid.

PosrissHemo mporiecu, 1o 06yMOBIIOIOTh YTBOPEHHST HAUOUIBIINX POAOBUILL 3 MOTJISI-
oy reoximMiuyHux 1ukiaiB B. 1. BepHancekoro [5] (Ha mpukiami XeMOreHHO-0CaI0BO-MeTa-

Tabauys 3. Cragii yTBOpeHHs HAMOLIBIIMX POJOBHUIN 32 T€OXIMIYHMMM IMKJIAMHI

"eonoriyHun dakTop | Yac, mnpg pokis | & opmu 3anisa
BazanbToigHui marmatnam 3,1 Cunikatn
MepepBa Ta NpoLecK BUBITPIOBaHHSA 2,6-2,3 KomnnekcHi cnonyku
XeMoreHHo-0cadoBi npoLiecn 23-2.1 Okcnamn
M eramopdiam i MeTacomaros 21-20 Okcuau, pydHi noknagu
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MopdoreHHUX ponosuil) (1abna. 3). llepwa cmadis TeoXiMiYHOTO LIMKITY, OJU3bKO 3,1 Mpa
POKIiB, MMOB’s13aHa 3 0a3aJIbTOIMHUM MarMaTU3MOM, JI¢ 3aJ1i30 3HaXOAUThCS Y JBOXBAJICHTHIM
¢dopmi y pyaHux i peMiyHUX MiHepasax. MoBa iige Mpo MakKCMMalbHY (pa3y OCHOBHOIO
MarmaTusMy, 110 JaBajla OCHOBHY KiJIbKiCTb 3aji3a. 3BUYAHO, MXKEepeOM PyIHOTO KOMIIO-
HEHTa MOTJIM OyTW i iHII MOpOIM, SIK MOJIONII, TaK i JPEeBHillli, ajle MM BKa3yeEMO BiK
YTBOPEHHSI caMe 3eJIeHOKaM SIHUX Topin. /lpyea cmadis — TIpolleC BUBITPIOBaHHS i Ie-
pexinm 3ayiza y KOMIUIEKCHI pyxoMmi crosyku — 2,6—2,3 mipa pokiB. HampukiHili apxero
3aKiHUy€EThCSI MarMaTW4yHa JisUIbHICTh KaJi€BUX TPaHiTHUX MacuBiB (TUIly JleMypuHCBKO-
ro, TokiBCbKOTro Ta iH.) i (hOpMyBaHHSI TpaHiT-3eJIeHOKAM’STHUX CTPYKTyp. [louynHaroThCs
iHTEHCUBHI MpOIIECH BUBITPIOBAaHHSI Ta KOPOYTBOPEeHHs. Tak, Kopa BUBITPIOBaHHSI cakca-
TaHCbKUX T'PaHiTiB BCTAHOBIIOETLCS Maiike Ha MPOTSI3i BCiX MOPiJ KPUBOPI3bKOI cepii (mo-
TyHicTio 10 30 M). CrocTepiraioThbCsli KOpM BHUBITPIOBaHHSI TaKOX IO amcibositam min
BiIKJIaJlaMM CKEJIIOBAaTChbKOI CBiTM (TOOTO MO TOpoJaM HOBOKPUBOPi3bKoOi cBiTH) [9]. Hdo
peui, YTBOpPEHHS TaKHUX MOTYXXHUX Kip BUBITpPIOBAaHHSI HEMOXJIMBE 0€3 HassBHOCTI KMCHIO B
atMocdepi, a UMOBIpHO, i HassBHOCTI OpraHiuHoOi pedyoBUHU. Tpems cmadis TeOXiMiYHOTO
LIMKJTY BiTHOCUTBCS JO OCaOBUX, BipHillle, XeMOI€HHO-0CaIOBUX IPOLIECiB — BOHA TSTHY-
Jlacsl 3HaYHO MEHIIe ITOoIepeaHboi y BiKOBUX pamkax 2,3—2,1 mupa pokiB. I Haperi,
uemeepma cmadis TEOXiMIYHOTO LUKy — MeTamopdi3Mm Tta Mertacomarod — 2,1—2,0 mupn
pokiB. @opMyBaHHS MOKJIAMIB 3ali3a BiTHOCUTBCS caMme J0 1IbOTO €T30y, BiTHOCHO HeBe-
JIMKOMY 32 YacOM.

He cnix 3abyBaTu, 1110 ITiJ yac Meplioi i APYroi cTalmiil TaKoX yTBOPIOBAIMCh POAOBU-
11a 3aji3a (KOHKCbKUU, 0i103epChKUM Ta iHII eTamu). Ayie 3a MacluTabaMy pyaOyTBOPEH-
HsI BCi BOHU HE MOXYTb 3PiBHSITUCS 3 KPUBOPI3bKUM. TUTbKM 3aBEpIIEHHST IIOBHOTO LIMKITY
A€ MOXJIMBICTb YTBOPEHHSI 3HAUHUX POAOBUIL. TakuM YMHOM, T€OXiMiYHMM ILIMKI Teo-
JIOTiYHOI icTopii (hopMyBaHHS MOKJIAIB 3ajli3a Ma€ YOTUPHU cTamii: 1) MarMaTu3M OCHOBHO-
ro CKJIamy, YTBOPEHHsST CHJiKaTiB (i 4acTKOBO OKCHMIIB) 3aii3a, 3,1—2,6 mupnm pokiB; 2)
rinepreHHi MpolecH pyiiHYBaHHSI CWJIiKaTiB 3aji3a, 2,6—2,3 MJIpA POKiB; 3) cemMMeHTAllis,
YTBOPEHHSI TiApOKCUAIB 3ami3a, 2,3—2,1 Mapa pokiB; 4) meraMmopdi3zM, METacOMaTo3, YTBO-
PEHHSI 3aJli3HUX PYyH, OKCUaHi dopmu 3amiza, 2,1—2,0 Mapa pokis.

3aBAsIKM OCOOJIMBOCTSIM T€OJIOTIYHOI iCTOpPil 3HUKHEHHS OHI€ET i3 cTamiii reoxiMiuHO-
IO MKy HE 3yMOBJIIOE YTBOPEHHS BEJMKUX PYAHUX POIOBMII JAHOTO T€HETUYHOrO TUITY.
Hanpuknan, BiICYyTHICTb BEJMKUX POJOBUIN Ha banTiicbKOMYy INMTI TaKOTrO TUIY MOSIC-
HIOETBCSI TUM, 10 TaM B iHTepBaji yacy 2,5—2,7 MJIpA pOKiB iHTEHCUBHO ITPOSIBUBCS Mar-
MAaTUYHUM Tpoliec, KOTPpUN JaB CYMiliCbKi yTBOpeHHs. TakuM 4YMHOM, 3aMiCThb JpPYroi i
TPeThOi CTamiil ek3oreHHUx nofii Ha Y1l iHTeHCHMBHO MPOXOAWIM MarMaTW4yHi Ta MeTa-
MopdivHi npouecu Ha banTilickkoMy IIUTI.
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Kwuis. Hau. yH-T iM.Tapaca LlleBuenka, Kui Hagniitua 1.07.2002

PE3IOME. B nokeMOpuu YKpauHCKOrO IKUTA BBIACSIOT YeThIPE METAJJIOTCHUYECKUE 3IOXU, KOTOpbIe ObLIN
GJIArONMPUSTHBI TSl JXeJle30HaKoIUIeHus1 — paHHe- (3,6—3,4 mupa jer), cpente- (3,4—3,1), no3aHeapxeiickas (3,0—
2,7) u paHHenpotepo3soiickas (2,3—2,0 mipn set). PaccMOTpeHbI reosioruyeckue MpoLecchl, KOTOPbIe MPUBOASAT K
00pa30BaHMIO CaMbIX OOJILLIMX MECTOPOXIEHMIA C TOUKM 3peHUs1 reoxumuyeckux LukiaoB B. M. BepHanckoro.

SUMMARY. There are four metallogenic epochs, favorable for iron mineralization in Precambrian of the Ukrainian
Shield: Early Archean (3.6—3.4 Ga), Middle Archean (3.4—3.1), Late Archean (3.0—2.7), and Early Proterozoic (2.3—
2.0 Ga). Geological processes, favorable for forming of the biggest deposits, are considered with regard for geochemical
cycles of V. I. Vernadsky.
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MMUHEPARDTWYECKMA
HSGHAN

Y[IK 549.01:552.13
A. B. Aparomupeukuni

OC06GEeHHOCTN aKLEeCCOPHOro LMpPKOHa HEKOTOPbIX
ynbTpamadput-MmadpuUTOB paHHEro aokemopusa
CpepHero MNMobyxba (YKPpaUHCKUNA LLNT)

npl/lBCLLCHbl Marepuralibl JC€TaJIbHBIX OHTOI€HUYCCKUX VICCJ'IC}Z[OBaHVII?I AKIECCOPHOro HMpKOHa M3 HEKOTOPBIX
yabTpamaduT-mMmabuToBbIX Tes1 ['0710BaHEBCKOM 1I0BHOM 30HBI BenorepkoBcko-Onecckoii rHeiMco-rpaHyInToOBOI
obyiacTi YKpauHCKOro 1muta. OHTOreHnueckoe U3yuyeHHue LIMPKOHA U3 3TUX MOPOJ, BHIMOJIHEHO BIEPBbIE HA OCHOBE
reHepallMOHHOTO aHaJIN3a, pa3paboTaHHOro uccienoBatensiMu OecCKOro HalMOHAJIBHOTO YHUBepcuTeTa. B pesyib-
TaT€ aHajJiM3a YCTAaHOBJICHBI IBa T'CHETHYECCKUX THUIIA aKI€CCOPHOro HMUPKOHaA — pCJ’IVIKTOBb]]‘/] U HajoXeHHbI. K
MEPBOMY OTHECEHBI I€pBasi, BTOpasi U TPETbsl T€HEPALMU; HAJIOXEHHbIA T€HETUYECKUI TUIl BKJIIOYAET IMEPBYIO U
BTOPY10. B M3yyeHHBIX MOpoaax, B OCHOBHOM, NpeobagaeT peJIMKTOBbI LIMPKOH BTOPOI, pexe TPeTbeil FeHepaLuu.
OGpa3oBaHME HAJIOXEHHBIX LMPKOHOB 00EUX reHepaluii CBsi3aHO ¢ 6osiee MO3AHMMU MPoLeccaMy TEKTOHO-Marma-
TH4eckoil akTusu3aun. Konebanue conepxanus SiO,, ZrO, u HfO, B pa3nnyHbIX reHepauusiX FeHeTUYECKUX TUTIOB
KPUCTAJIOB 3aBUCUT OT NMEPBUYHOIO 30HAJIBHOI'O pacrpeaeI€HUA 9TUX KOMIIOHEHTOB IPU KpUCTAJUIM3aluK LIMPKOHA.
OtMmeveHo 3HauMTebHOE KosebaHue Zr/Hf, 3HaueHMs1 KOTOPOro BO3pacTaloT MOJ BIWSIHUEM HATOXEHHBIX MPOLec-
COB.

YHUKanbHOCTh MH(MOPMALIMOHHBIX CBOMCTB aKIIECCOPHOIO ILIMpPKOHa oOllen3BecTHa. B
MOCJAeTHUE TONbl ONECCKMMU YYEHBIMU pa3paboTaH reHepallMOHHBINA aHau3 aKIeCCOPHO-
ro UMPKOHA. DTOT METOH IMO3BOJISIET U3yyaTh XapaKTep paclpOCTpaHEHUs W pacrpemnesie-
HUsI, 0COOEHHOCTU OHTOT€HUU U XMMUYECKOIO COCTaBa aKIECCOPHOrO LIMPKOHA C LIEIbIO
YCTaHOBJIEHUSI HEKOTOPBIX TEHETUYECKUX OCOOEHHOCTE! BMEILAIOIIMX €ro KpUCTaTnIeC-
kux nopon [5—8]. [IpuBeneHHBIE HUXE Pe3yJIbTaThl UCCACIOBAHUN aKIIECCOPHOIO LIMPKO-
Ha 13 paHHEIOKEeMOPUICKUX 00pa3oBaHUi yabTpaMaduT-Ma(prTOBOIO psifia CylIECTBEHHO
JIOTIOJIHSIIOT paHee OMyOJMKOBAaHHBIC JaHHBIE.

O0OBbeKTaMU UCCACIOBAHUN CIYXXWJIM KPUCTAILIBI aKIIECCOPHOTO LIMPKOHA U3 CepIieH-
TUHUTOB U raboponnoB KymapoBckKoro Maccupa, a Takke HECKOJbKUX 0oJiee METKMX Tesl
yibTpamMaUTOB, PACcoOOXEHHBIX B ['0JloBaHEeBCKOI 11I0BHOM 30He besonepkoBcko-Onec-
CKOW THEMCO-TpaHyJUTOBOM o0sactu YkpauHckoro mura (YII).

HccnenoBaHHBIE TOPOIBI TPUYPOUEHBI K 103KHOM YacTh ['0JIOBaHEBCKOI 1IOBHOM 30HHI,
rae oOpa3yloT MEXIIJIACTOBBIE Tesla CPeAu CYMpPaKpYyCTaJbHBIX U YJIbTpaMeTaMOp(hUUECKUX
MOpOJl B CUHKJIMHAJBHBIX CTpyKTypax II—IV mopsinka, 1 oTHOCATCS K MEPUAOTUT-ITUPOK-
CEHUT-Tab0po-HOpUTOBOK (opmanuu apxes. YiabTpamaduThl 3Toi ¢opMaluyd oOpa3yioT
MPEeUMYIIECTBEHHO OBaJIbHbIC M JIMH30BUIHBIE B T1aHe Teia. VX LeHTpaabHbIe YacTH CJIO-
KEHbl allOAYHUTOBBIMU U amoONEPUAOTUTOBBIMM CEPIIEHTUHUTAMU, Tepudepudyeckue —
MUPOKCEHUTAMMU, alIOMMMPOKCEHUTOBBIMU CEPIIEHTUHUTAMM, YaCTUYHO aM(pUO0IM3UpOBaH-
HBIMU, U rabopoumamMu. YTibl TageHus mopoa KpyTeie (1o 70—85 %).

Yibrpamadurbl KymapoBckoro maccuBa MOUYTH TOJHOCTbIO MpEBpallleHbl B TEMHO-
3eJIEHbIC C CEPOBAaThIM OTTEHKOM CHJIbHO TPELIMHOBATbIC CEPIIEHTUHUTHI C CEKYIIIMMU TIPO-
KUJIKaMKM KapOOHATOB M Cy/Ib(MUIOB. B mopogax penko BCTpevyaroTCs PEIUMKThl OJIMBUHA U
MUPOKCEHaA.

Cpenn MapuTOB 3HAYUTETbHYIO YacTh (10 80—85 %) cocraBisioT rabopouabl (rac-
O0po-amM(puOOIUTEI, TaOOPO-HOPUTHI), a TaKXKe HUX YpAIUTU3UPOBAHHBIE PA3HOCTHU, PEXKe
rab6po. OHHM 3ajeraloT B BEpXHUX YACTSIX pa3pe30B CyOCOMIACHO C yabTpaMaduTamu.

Vinbrpamacdutsl cen MexeBoe 1 BpanueBka o0pa3yloT HeOoblIMe Teaa (MepBble eau-
HULIBI — AECITKU METPOB) U TMPEIACTABJICHBI COOTBETCTBEHHO IMUPOKCEHUTAMU U aMdu-
OOJIM3MPOBAHHBIMU TIEPUIOTUTAMU 3€JICHOBATO-TEMHO-CEPOIo 1IBETa, MAaCCUBHOM, pexe
CJIaHLIEBATON TEKCTYphl. MecTaMU B HMX OTMEYAIOTCSl PEJIMKThl MUPOKCEHOB, MHTEHCUBHO
KopponupoBaHHbIX amduoonamu. Cynbhuabl (GUKCUPYIOTCS CIOPAIUYECKU.

CpenHuil cCOCTaB MHTPY3MBHBIX TeJ XapaKTepu3yeTcs BBICOKMM coaepxkaHuem MgO
(mo 31,59 %). OOGI1as Xene3uCTOCTh YBEJIMUYMBAETCS OT arOAYHUTOBBIX K arOMUPOKCEHM-
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ToBBIM ceprieHTHHUTaM (12,9—16,1 %) *, Bo3pacras B ra66pounax no 44,5 %. B anukanb-
HBIX YaCTSIX TeJl 0OLIasT XKeJe3UCTOCTh U MTMHO3EMHUCTOCTh TOPOoJ MoBbIinaetcs (mo 14,3 u
1,76 % cooTBeTCTBEHHO), a coaepxanre MgO He mpeBbiiaer 33,13 %. B JOHHBIX 4acTsx
3HAaYeHMe 3THUX IMoKasareneil cHuxaeTes (1o 12,5 u 0,8 % COOTBETCTBEHHO), KOJIMYECTBO
MgO Bo3spactaet a0 37,69 % (ta6in. 1).

Kpucramibl IMpKOHA BBIIEIEHBI TI0 CMELUATbHON METOAMKE, MPUMEHSIEMON IS aK-
LIECCOPHBIX MMHEPAJIOB U3 MEJIaHOKPATOBBIX MOPOJ, C IOMOJHEHUSIMU aBropa. LlupkoH
pacrpocTpaHeH BO BCEX PAa3HOCTSIX MOPOJ M XapaKTepU3yeTCss HEBBICOKUM COIEpKaHUEM
(Tabxa. 2). das1 cepneHTUHUTOB KO3(GUIIMEHT BapyuallMu ero coaepxkaHusi (v) He TMpeBbI-
mwaet 154 %. s ampuboam3npoBaHHbIX raboponmoB oH gocturaet 416—470 %. Bricokue
yacrota BcTpeyaeMoctd (10 100 %) u koahdUIIMeHTh Bapyualuy comepKaHus MUHepaa
MOTYT CBUIETEIbCTBOBATh O 3HAYMTEJIbHOM PoJv B IIpeobpa3oBaHUU TOpo 0oJjiee TTO3THUX
HaJIOXKEHHBIX MPOIIECCOB.

T'enepanmonHblii aHaaM3 MMpPKoHa. CyIIIHOCTh T€HEPAIMOHHOTO aHajiu3a 3aKJIoYaeTCs
B OHTOT€HMYECKOM U3YUEHUM LIUPKOHA, YTO TO3BOJSIET BBIACIUTh F€HETUYECKUE U TeHE-
pallMOHHBIE TUIBI 3TOTO MUHepaia [5—8].

B uccnenoBaHHBIX yabTpaMaduT-MadUTax BBIIEJIEHBI JABa TE€HETUYECKUX THUIA LUP-
KOHA — PEJMKTOBBIA M HAOXEHHBINA. TlepBblii MPeaCTaBIeH TpeMsl TeHepalus MU KpUC-
TaJUIOB, 0OpA30BABIIMXCS B XO[¢ MEPBUYHOIO MarMaTU4ecKoro mpoiiecca. Bropoit — nBy-
MsI TeHEpAaLMOHHBIMUA TUIIAMU KPUCTAJUTOB, 00pa30oBaHMEe KOTOPBIX CBSI3aHO C SMUTEHETHU-
YECKMMH, B TOM YHCJIE U YIbTpaMeTaMOP(OreHHBIMU IPOLeCCaMMU.

Peauxmoswiii mun yupkona. Haubosiee paHHsis1 TiepBasi TeHepalus MpeacTaBieHa WH-
IVBUAAMHU OBaJIbHOTO, MOYTH OKPYIJIOrO, O0JIMKa CO CJaO0OBBIPAXXCHHBIMU 3JIEMEHTaMU
orpaHeHus. [lepBUYHbBINA rabUTYC KPUCTAJUIOB OMPEAETUTh CJIOXHO, TaK KaK B OOJIbILMH-

Tabauya 1. Xumuueckuii coctaB ynabtpaMadur-maduros Kymaposckoro maccusa I'osoBaHeBCKoii
HIOBHOW 30HbI YKPaMHCKOTo muTa, %

Okcma | 1(12) | 2 (21) [ 3 (19)

SiO, 34,73 33,60 46,53
TiO, 0,16 0,23 1,63
AlLO3 0,96 1,63 13,75
Fe,0; 7,58 8,45 6,44
FeO 3,37 3,55 9,85
MnO 0,20 0,20 0,34
MgO 36,68 35,14 7,03
Ca0 0,92 1,34 10,49
Na,0 0,11 0,08 2,35
K,0 0,09 0,09 0,46
SO; 0,22 0,08 0,08
Cr,04 0,55 0,76 0-0,02
NiO 0,40 0,33 0-0,04
H,0 0,51 0,33 0,24
n.n.n 13,47 12,61 0,98
p) 100,93 100,59 100,55

[TpumMeuvaHwue. | — anonepuIOTUTOBbIE CEPIIEHTUHUTDI, 2 — aNOMUPOKCEHUTOBBIE CEPIIEHTUHUTBI, 3 — rabopo-
aMGUOO0IUTBI U TabOPO-HOPUTHI. B cKOOKax yKa3aHO KOJIMYECTBO aHAIM30B.

Tabauya 2. PacnpocTpaneHHe M CTATHCTHYECKHE MApaMeTpbl paclpelesieHus aKIEeCCOPHOro0 HUPKOHA B
yasTpamaput-madpurax Kymaposckoro maccusa

Mopoga | X | c | v | w | L | Ly

1 0,56 0,75 134 100 0,11 0,99

2 1,64 6,81 416 100 0,01 7,73

3 2,21 4,24 192 100 0,26 4,63

4 0,11 0,24 213 100 0,01 0,31

5 0,06 0,53 154 100 0,01 0,11

6 0,31 1,46 470 100 0,02 0,39
MMpumevyaHnue. | —ampubOIM3MPOBAHHBIE MTUPOKCEHUTBI, 2 — U3MEHEHHbBIE CEPIIEHTUHUTHI I, 3 — M3MEHEeHHbIe
CEPIIEHTUHUTBI “, 4 — arornepuiOTUTOBLIC CEPNICHTUHUTHI, 5 — aAlOMMUPOKCEHUTOBBLIC CEPIICHTUHMTEHI, 6 —

aMGuUOoIM3UPOBaHHBIE Ta0OPO-HOPUTHI M TabOpo-aMdUOOIUTHI; X — CpeliHee colepXaHue, I/T; ¢ — CpeaHee
KBaJ[paTMUeCKOe OTKJIOHEHME; v — KoadduuueHt Bapuauuu, %; W — uvactora BcTpeuaemoct, %; L, u L, —
npeesbl KojeGaHusl CoIepKaHus, T/T.

“3mech M gajnee — MaccoBasi I0JIsl.
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Puc. 1. PeMKTOBBII1 TEHETUUECKHIA TUTT
LIMPKOHA — TepBasi U BTOpasi TeHepaLum:
a, 6 — anoOJyHUTOBBI CEPIIEHTUHUT
(ckB. 560, ra. 238—246 M), ¢ —
anonepuaOTUTOBBIN CEPIIEHTUHUT (CKB.
560, rn. 247,7-255,1 wm), e —
nupokceHuT (ckB. 330, ra. 134—138 m);
a—6 — KyMmapoBckMil MaccuB, ¢ —
MHTPY3UMBHOE Tejo y c. MexeBoe. YB.

Puc. 2. PeJVKTOBBIIl T€HETHYECKUI THUI LIMPKOHA — BTOpasi M TPEThsl T€HEPalMU: d, 60 — aronepuI0TUTOBbII
ceprieHTUHUT (cKB. 560, ri. 226,8—232,4 M), ¢ — rabopo-Hoput (ckB. 59, 1. 156,2—162,6 M), ¢ — rabOpo-HOPUT
(ckB. 59, 1. 89,8—100,8 M), 0 — mupokceHuT (ckB. 330, r1. 127,7—134,0 m); a—e — KymapoBckuii maccus, 0 —
MHTPY3MBHOE Teslo y ¢. MexeBoe. YB. 300
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Puc. 3. PeMKTOBbII IeHETUYECKUIl TUI LMPKOHA — TPEThsl TEHEpalMsi: d, 6 — aronepUIOTUTOBbIA CEPIIEHTHMHUT
(ckB. 560, 1. 157,5—161,1 m; 224,3—226,8 M), 6 — anoayHUTOBbIA cepreHTUHUT (CKB. 560, 1. 238—246 m), 2, d —
rabopo-Hoput (ckB. 59, . 89,8—100,8; 162,6—171,2 m); a—d — Kymaposckuii Maccus. YB. 300

CTBE CJlyyaeB OHU OOpacTaloT OoJjiee Mo3AHel reHepanueil. Peiko BCTpeyaroTcst KpUCTALIbI
"TMallMHTOBOr0" 00JIMKAa C XOPOLIO Pa3BUTON MPU3MOIM MEPBOTrO pola W AUMUPAMUAON
{111}. Ero cpentue pazmepst cocrassiior 0,07 x 0,05 mm; Ky, 1,2—1,4. BHyTpeHHee cTpo-
€HMe LIMPKOHAa OOBIYHO MPOCTOe — SIIPO, OOpoclliee pereHepallMoHHoi 00oouKoit. Pa3-
Mmepsl sapa 0,06 x 0,035 mw; Ky, 1,5—1,7. 15 Hero xapakrepHa MalO30HAIBHOCTb (He
0osee aByX 30H pocta). MHorma orMevarorcsi amopdHble BKIIOUYeHUs. PereHepannoHHast
ob6ojiouka tomuuHoi a0 0,01 MM MOKphIBaeT Bech KpucTaul (puc. 1, a—e). O6pa3oBaHUIO
pereHepalMoHHON KaiiMbl MPENIIecTBOBAIO PACTBOPEHUE IMOBEPXHOCTU 3€peH LIMPKOHA,
MHOTIA BecbMa 3HauuTedbHOe (puc. 1, 6, ¢). YcraHoBjeHa KaiiMa, oTBevarolas GoJiee
MO3IHUM HAJIOXEHHBIM reHepauusiM. OHa o6pa3yeT cKOpJIynoBatylo (opmy odpactaHust U
MPOCJIEKUBAETCS BOKPYT KpUCTalia (parMeHTapHO, PEAKO B BUIE CIUIOLIHONW OOOJOUYKH.
BeliecTBO 2TOi pereHepallMOHHON KaiiMbl MMeeT 0oJiee HU3KUE NBYNPEJTOMIEHUE U TPO-
3payHOCTh, 6€3 MPOAYKTOB UBMEHEHUS, MHOTIA COAEPXKUT KUAKUE BKIIOUEHUs (puc. 2, ).

Tabauya 3. PacnpeneneHne reHeTHYECKHX TUIOB M TeHepaluii HMPKOHA B yabTpamadur-mMadurax
KymapoBckoro maccusa

Mopopa [eHepaumn penMKTOBOro LIMPKOHa [eHepaumn HanoXeHHoro
LMPKOHA
nepeass | Bropas | Tperbs nepas |  BTOpas
1 12 39 49 5 44
2 22 48 30 8 53
3 56 32 12 8 43
4 14 26 60 3 62
5 13 45 42 2 78

Mpumevyanue. | — amdpuOOIM3MPOBAHHBIE TMPOKCEHUTBI, 2 — U3MEHEHHBIE AlIONEPUIOTUTOBbIE CEPIIEHTUHUTBI,
3 — anornepuaOTUTOBbIE CEPIIEHTUHUTHI, 4 — aroMMPOKCEHUTOBbIE CEPIICHTUHHUTHI, 5 — amM(uOOIN3UPOBAHHbIE
rab0pO-HOPUTBI; PEJIMKTOBBIA TUI LMPKOHA — %, HAJIOXKEHHBIA — KOJMYECTBO 3epeH Ha 100 wit.
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Puc. 4. HanoxeHHbIil TeHETUYECKUI T LIMPKOHA —
mepBasi TeHepalus: a, ¢ — NMUPOKceHUT (ckB. 330,
1. 127,7-134,0 M), 6 — rabobpo-HOpUT (CKB. 59,
. 171,2—179,6 M); 6, 0 — anonepuaOTUTOBbIH
ceprieH-TUHUT (CKB. 560, 1. 247,7—255,1 m); a, e —
MHTPY3MBHOEe Telo Yy c. MexeBoe; 6, 6, 0 —
KymapoBckuii MmaccuB. YB. 300

Puc. 5. HanoxeHHblil FeHETUYECKUI THUI
LIMPKOHA — BTOpasi reHepauusi: a, 6 — rabopo-
Hoput (ckB. 59, ri. 171,2—179,6 m); 6, ¢ —
arornepUI0TUTOBBI CEePIIEHTHMHUT (CKB. 560, 1.
226,8—232,4 M), Kymaposckuii Maccus. YB. 280
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Bropast reHepaliusi peJIMKTOBOTO LIMPKOHA MpeACTaBIeHa KpUCTallaMy HU3KOM U Cpeli-
Hel cTemeHM wuauoMopdu3Ma ¢ TIJagkKoil IoBepxHocThIo. CpemHUil pa3Mep 3epeH
0,13 x 0,06 MMm; Ky, 1,1—2,8. CTpoeHre KPUCTAUIOB cJIoXKHOe. Yallle OH COCTOUT M3 BHY-
TPEHHETr0 MHAWBUAA TEPBOM TeHepallMu, OOpOCIIEro BeIleCTBOM 0OoJjiee IMO3AHEN reHepa-
. Pexe oTMedaloTcst TpOCThle KPUCTALIbl C CUMMETPUYHBIMI 30HAMU pocTa (He MeHee
3—4). B Hux ukcupyrorcss amopdHble U KUIKO-Ta30Bble BKIOUeHUs (puc. 1, 2).

TpeTbst reHepalysl PEIMKTOBOIO LIMPKOHA IpEACTaBIeHAa IOJYIPO3PAYHBIMUA KPUC-
TaslaMU TUNMpaMUIATbHO-TIPU3MATUYECKOro raburyca, o0pa3oBaHHBIMU KOMOWHAILIMEH
rpaneit {101} u {111}, 1 rpaHsiMM OCTpBIX muNUpamMua. MophoJOrMuecKuii TUIT KpUcTa-
JIOB "TOpNenoBUAHBIN", peako "KomnbeBUIHbIN'. MHOrma Goyiee pa3BUTbIE TPaHU OCTPHIX
OUTIMPAMUI CO3MAI0OT MOYTU AUMMUPAMUIATbHBINA rabUTyC KPUCTA/UIOB, MpUaaBas UM Oojee
usomMeTpuueckyto ¢opmy (puc. 2, 6; 3). CpenHue pasmepsl KpuctaioB 0,24 x 0,10 mm;
K, 2,5-6,0. Ctpoenue ux, B OCHOBHOM, MPOCTOe. MHOra Cpei HUX BCTPEYAIOTCS MOy~
Mpo3pavyHble TPeLIMHOBaTble MHAWBUILI "TaHTeJaeoOpa3HOi" (opMbl, oOpocilne KailMoit
pereHepanuu. Takass ¢opMa oOyciioBaeHa MpeodagalollMMy TpolieccaMy PacTBOPEHUS
MPU3MATUYECKUX TpaHel KPUCTAJIOB C MOCHEAyIollell pereHepalueil. Pa3Mepbl 3TUX MH-
IWBUIIOB, Kak mpabuiio, MeHble 0,15 x 0,035 mwm; Ky, 3,1—4,3. 1o HeKOTOPBIM MPU3HAKaM
OHU OTHECEHBI K TPEThEil TeHepalluy PEJIUKTOBBIX KPUCTALIOB LIMpKOHaA (puc. 3, a). Peako
OTMEUAIOTCsl UTMOMOP(MHBIC TTPOCThIE MHOTO30HANbHbBIE KpUCTa/UIbl (Gosee 10 30H pocTa;
puc. 3, 6) U CIIOXHbIC MHAUBUIBI C siIpaMy 3epeH BTOpOi reHepauuu (puc. 2, 6—0a).

B tabn. 3 npuBeneHbl pe3yabTaThl paclpeae/IeHUsT PEIUKTOBBIX U HAIOXKEHHBIX TUIIOB
aKIIeCCOPHOTO LIMPKOHA B yabTpamMadur-mMadurtax KymapoBckoro maccuBa. OHUM IMOKa3bl-
BAaIOT, YTO BTOpasi U TPETbsl TeHEpaAllUM PEJIMKTOBOTO IIMPKOHA HauboJiee pacipoCTpaHEHbI
B M3MEHEHHBIX yibTpamMahuT-madutax (pa3avMuHbIX aMPUOOIM3UPOBAHHBIX PAa3HOCTSIX).
B 0 Xe BpeMs Oosiee paHHSsIS TiepBasi TeHepalus MpeobianaeT B aronepua0TUTOBBIX Cep-
neHTuHUTax KyMapoBCKOro Maccupa.

Hanoxcennviit mun yupxona ycTaHOBJIEH BO BCEX M3YUYEHHBIX PA3HOCTSIX yJabTpamadut-
MaduToB (Taba. 3) U mpeacraBieH AByMs reHepauusiMu. IlepBas obGpasyeT Mmpo3payHbie
WHAVBUBI "TOPICIOBUIHOIO", pexe "KOMbeBUIHOTO" 00JIMKa, TPOCTOr0 TOMOTEHHOTO CTPO-
eHus1. Yacto B HUX HAOIIOMAIOTCSI KPYIHBIE MOJOCTA B BUAE "OTPULIATEIbHBIX' KpUCTaJ-
JIOB, 3aITOJIHEHHbIC TBEPAbIMU (OMOTUT, allaTUT) U KUAKO-Ta30BbIMU BKIItoueHUsiMU. Cpen-
HUe pa3Mephl 3epeH 3Toro tvmna coctapistioT 0,12 x 0,04 mwm; Igﬂ 2,5-3,2 (puc. 4, a, s, ).

Bropast reHepaliusi HaJoXX€HHOTO TuMa (TakK HasblBaeMasl 'LUPTOJUTOBAs") obOpasyer
MpOo3pavyHble, MIaBHBIM 00pa30M HECOBEPILIEHHbIE MHAMBUABLI OKPYIJIOTO M KaIlJIeBUIAHOTO
00sMKa, MHOTAa B cpocTKax. KpucTaiibl 3TOro TUMa MMEIOT MPOCTOe TOMOTeHHOE CTpoe-
Hue. B HUX yacTo OTMEYaroTCs XUIKO-Ta30BbIe, KUAKKUE BKIIOYEHUs M HEOOJIbIINE T0JI0-
ctu (puc. 5, a—6). CpenHue pasMepsl 3epeH 3Toro tuna coctaiasior 0,11 x 0,075 mwm;
Ky, 1,0—1,3.

XMMHYECKHid COCTaB IMPKOHA. B pesysnbraTe McClenoOBaHUi OINpeaeseH XUMUYECKUI
COCTaB BbIACJIIEHHBIX TeHepaluii LUPKOHA. AHAIU3bl BBHIITOJTHEHBl Ha MUKpOAHAIM3aTOpe
CAMEBAX-MBX ¢ sHeproaucrepcHbIM PeHTIeHOBCKMM criekTpomerpoM LINK 860/500.
PexxuM anamm3za: yckopsiouiee HampsbkeHne 20 xB, Tox Ha o6Gpasiue ~ 1,3 MA, BpeMs
BbIOOpa criekTpoB 500 c¢. TTorpemrHocTs npu onpeneneHuu Hf mo peHTreHOBCKUM JIMHUSIM
L-cepun: mipu comepxanuu Hf ot 1,4 1o 2,01 % oTHocUTeNIbHAsI TTOTPELIHOCTh PaBHA 8—
10 %, ampu 1 — 13 %.

s mosrydeHUsI HanboJjiee MmoHoM mHbopManuu o pacnpeneineHun Zr u Hf B pas-
JIMYHBIX TUIAX LIMPKOHOB aHAJIU3Yy MOJABEPTalMCh LIEHTPAIbHbIE, TPOMEXKYTOUHBIE U MEPU-
depuyeckue 30HbI KpucTaioB (tadu. 4). Kak BumHO u3 Tabi. 4, KojebaHUs coaepkKaHUs
ZrO, u HfO, B uenom cywecrsenus! (60,3—67,7 u 0,61—1,82 % coorsercTBeHHO). st
PEJIMKTOBBIX TUIIOB LIMPKOHa conepxkanue HfO, cocrasmsier 0,82—1,74 %. B LeHTpanibHbIX
30HaxX OTHEJbHBIX PEIMKTOBBIX TUIOB KpucTauioB comepxaHue HfO, cocrasmser 0,84—
1,08 %. B nepudepuyeckux 30HaX 3TUX TUIOB KpucTawioB KoaudectBo HfO, pesko Bo3-
pacraer, mocturas 3HaueHus 1,73 %. B peMKTOBBIX TUIAX LIMPKOHA W3 rabOpOMIOB 3TH
KoJIebaHUsSI HECKOJIbKO MEHBbIIIE.

J171s1 HalOXKEHHBIX TUIOB LMpKOHa KojebaHue comepxxaHust HfO, cocrasnser 0,61—
1,46 %. UHorna B LeHTpaJbHBIX 30HaX KPUCTALUIOB 3TOro Tumna Konunyectso HfO, Bo3pac-
TaeT. [1py 3TOM JUISI KpUCTAIJIOB LIMPKOHA TMEPBOil TeHepalluy HAJOXEHHOTO TUMAa MHTEP-
BaJl KoJIeGaHWI STUX 3HAYEHHMIl HECKOJIBKO YK€ M IPAaKTUYEeCKM TaKOW Ke, Kak M IJIs
TpeTbeil reHepalnu peuKToBoro uupkoHa (0,83—1,37 %) (taba. 4). IpeacraBiasieTcs, 4To
konebanue conepxanus ZrO, u HfO, B pasnMyHbIX TUMAX UUPKOHA CBS3aHO C MEPBUY-
HBIM 30HIBHBIM pacrpefeeHneM 3TUX KOMIIOHEHTOB B mpoliecce kpucraumsaunu. UO,
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BCTpeuaeTcsl criopanuuecku. Ero comepkaHue
cocrapisger or 0,45 mo 0,54 %. 3HaueHue
Zr/Hf B LIMpKOHE IIMPOKO HUCITONB3YeTCsT KakK
WHAUKATOp (U3MKO-XMMHYECKUX YCIOBUM
dopMHpPOBaHUS CYLIECTBEHHO MarMaTu4ecKUx
MOpOJI, BIUIOTh IO MACHTU(MUKALIMU UX COCTa-
Ba U Jaxe Bospacta [1—4, 6]. MHorue uccie-
JIOBaTeU CUMTAIOT, YTO BO3pACTAHUE 3HAYCHMUSI
Zr/Hf n ymenbuieHue xonnvectBa Hf cBune-
TEJIbCTBYIOT O 00Jiee OCHOBHOIN M BBICOKOTEM-
repaTypHOi 00CTaHOBKE KPUCTA/UIM3ALIMU pac-
iaBa U Haobopor. OMHAKO YacTo HE YYUThI-
BaeTcs TO, YTO B IPOLIECCe KPUCTALIU3ALUKN
MOXeT 00pa30BbIBaThCSl HECKOJIbKO reHepaluii
uupkoHa. [loaTomy pacnpeneieHue M KOJu-
yectBo Hf, a Takxke 3HaueHUE OTHOIICHUS
Zr/Hf B pa3nnuHbIX TeHETUYECKMUX TUIIAX LIUP-
KOHa He Bcerga MMeeT OJHO3HAYHYI0 MHTEp-
MpeTaLuIo, 0COOCHHO B CITyYae U3YYEeHUSI CIIOXK-
HBIX KPHUCTAJLJIOB.

Boinenennbie B yabTpamaduT-MaduTax
reHepaluy IUPKOHA CYIIECTBEHHO pa3inyaroT-
cs o 3HayeHuwo Zr/Hf. YcraHnosiaeHo, uyto B
LIEHTPAJIbHBIX 30HAX PEJIMKTOBBIX Te€Hepaluii
LIUPKOHA U3 yJAbTpaMaUTOB OHO COCTaBJISIET
60,5—71,8; B mepudepuyeckux 3oHax — 38,5—
47,9; B HaJOXEHHBIX LIMPKOHAX 3TO OTHOIIE-
Hue paBHO 67,1—76,5 u 47,0—56,0 cooTBeTCT-
BeHHO. B Kpucrannax BTOpoil reHepaluu Ha-
JIoXXeHHOTO ("LIMPTOJIMTOBOro") LMPKOHA 3TU
KoJiebaHMsl 3HAYEeHMsSI OTHOILCHUS BecoMmee
(45,8—109,8), mo-BumuMoMy, BCJICOCTBUE HE-
CTaOMJIBHOCTY MUHEPAaJI0o00pa3ylolleil Cpebl.

B penMKTOBBIX reHepalMsiX LMPKOHA M3
rabopo-HopuToB 3HaueHue Zr/Hf usmensercs
B mpenenax ot 36,1 mo 50,7; a 11 HaJIOXKeEH-
HBIX KPUCTAJIJIOB TIepBoii reHepaunu — ot 50,1
mo 78,9. Jluama3oH KosieOaHMWsT 3HAYECHUWIA
Zr/Hf B pa3HbIX TeHepallMOHHBIX TUIAX IUpP-
KOHA B OAHOM M TOM Xe IMOPOAE MOXET CO-
cTtaBaTh ot 30 10 60, 1719 MaUTOB — HECKOJIb-
KO MeHbllle. B 11eoM 111 peJIMKTOBBIX TUIOB
KpucTa/uioB 3HaueHue Zr/Hf Bcerna Huxe, yem
JUTSI KPUCTAJIJIOB HAJIOKEHHBIX TreHepalOHHbIX
TUIIOB.

BoiBoapl. ['eHepallMoHHBIN aHAIM3 aKIleC-
COPHOTO IMPKOHA U3 yJabTpaMaduT-MahUTOB
Cpentero I1oOyXbsi TMO3BOJWI BBIICIUTL JIBa
TEHETUYECKUX THUIMA MUHEpada — PEJIUKTOBBIM
U HaJOXeHHBbIN. Cpenyu peMKTOBBIX LMPKO-
HOB YCTaHOBJICHO TpU TeHepaluu, a K Hajo-
JKEHHBIM ILIMPKOHAM OTHECEHBI JBE. AHaIU3
pacripefie/IeHUs] PEJIMKTOBBIX M HaJOXEHHBIX
TreHepaluii aKlleCCOPHOro IIMPKOHA ToKasal,
YTO BTOpAst M TPEThsl TeHEepaLlMU HanboJiee pac-
MPOCTPaHEeHbl B M3MEHEHHBIX YyJbTpaMaduT-
MabuTax (pa3auyHbIX aMUOOJIU3MPOBAHHBIX
pasHocTsx). B To xxe Bpems 6osiee paHHSIS Tep-
Basl TeHepalMsl IMpeodjanaeT B aroInepuaoTv-
TOBBIX CceprieHTMHUTaX KymapoBckoro Maccu-
Ba. Cyas mo pacrnpeleeH!u0 KPUCTAIOB BCeX

IMpumeuanwue. | — HeHTp KpUCTAJUIA, 2 — MPOMEXKYTOUHAs 30Ha, 3 — mepudepust Kpucrauia. AHAJIU3bI BBITIOMHEHbI B MHCTUTYTE 9KcnepuMeHTaTbHOU MuHepanorn PAH (UepHoronoBka), aHATUTUK

H. M. PomaHeHKO
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reHepauuii IIMpKOHA, MeXaHW3M 00pa3oBaHUsl MOPOJ ObUT CXOMHBIM.

Kpucramuibl HaJTOXeHHOTO 1IUPKOHA MEPBOii reHepalliy CoAepXKaT TBEpAble U KUAKO-
ra3oBble BKJIIOYEHUSI, YaCTO PACIIONIOXKEHHBIE B MOJOCTSIX. AHAIU3 CTPOEHUSI ITUX KpUC-
TaJJIOB HEe MPOTUBOPEUUT MPEACTABICHUSIM O TMPUIIOBEPXHOCTHOM OOPAa30BAHUM TaKMX
nosocteit. [To-BuaMMOMY, MX T€HE3UC MOXKET ObITh CBSI3aH C OOJIBIIMM T'PAaIUEHTOM TEM-
neparyp OBICTPON KpUCTAIM3allMM B HEUTpaJbHON WM KUCIOW cpelne.

Kpucramiuzanus 3epeH HajloxXeHHOTro (“"LIMPTOJMTOBOrO") LIMPKOHA BTOPOI reHepa-
LIMM CBsI3aHa, MO-BUAUMOMY, C Oojiee TMO3MHUMU MpolieccaMy TEKTOHO-MarmMaTuyecKoii
aKTUBU3ALUU.

OtmMmeuaetcs, uyTo KosnebaHue conepxanus SiO,, ZrO, n HfO, B pasnmuuHbIX reHepa-
LIMOHHBIX M TE€HETUYECKUX TUIaX KPUCTAUIOB LIMPKOHA 3aBUCUT OT UX MEPBUYHOIO 30-
HAJILHOTO pAacIpelesieHUs NMPU ero KPUCTaALIM3aluM.

ISl HaJIOXKEHHBIX T€HETUYECKUX TUIIOB LIMPKOHA BeCbMa XapaKTepHO YMEHbIIeHUE
comepxanust HfO, n ysenmmuenue 3HayeHust Zr/Hf (mo 109,48). Haubonee cyiectBeHHa
pasHulia 3HaueHuil Zr/Hf Mexny peauKTOBbIMU M HATOXEHHBIMM T'€HETUYeCKUMU TUTla-
MU LIMPKOHOB: B MEPBBIX OHU BCETAa HUXKE.
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Onec. Hau. yH-T uM. M. . MeuHukoBa IMoctynuna 10.10.2001

PE3IOME. HagejieHO Matepiaiu AeTaATbHUX OHTOT€HIYHMX JOCTiIKEHb aKLIECOPHOTO LIMPKOHY 3 AESIKUX YabTpamadit-
MadiToBux TiJ ['010BaHiBCHKOI 1IOBHOI 30HU binoriepkiBcbko-OnechbKol THeico-TpaHy IiToBOI 00J1acTi YKpaiHCbKOro
wuta. OHTOTeHiYHe BMBYEHHSI LMPKOHY 3 LMX MOPil BMKOHAHO BIepllie Ha OCHOBI reHepaliiiHOro aHaiisy,
po3pobieHoro nociinHukamMu OnechbKoro HaliOHAJIBHOTO YHiBEpCUTETYy. Y pe3ysibTaTi aHalidy BCTAHOBJICHO JBa
FeHETUYHi TUIMU aKUECOPHOro LIMPKOHY — PeJIiKTOBMIA i HakiaaeHuid. J1o meplioro BiiHECEHO MepLiy, APYTY, TPETIO
reHepatlii, HakJIaJeHUil TeHeTUYHUI TUI MiCTUTb Mepuly i Apyry reHepatiii. ¥ JOCHiIXEHUX MOpogax B OCHOBHOMY
PO3BUHEHMIA PETiKTOBUI LIMPKOH APYroi, iHOMi TPEThOi reHepallii. YTBOPEHHsI HaKJIaAeHUX LIMPKOHIB MepLLoi i Apyroi
reHepatlii Mop’si3aHe 3 Mi3HiLIKMMM MpollecaMM TEKTOHO-MarMaTU4Hoi akTuBisauii. Komusanus smicty SiO,, ZrO, i
HfO, y pi3HMX reHepauisix i reHeTUYHUX TMNAX KPUCTAIB 3aJ€XUTh BiJl MEPBMHHOIO 30HAILHOTO PO3MOALTY LMX
KOMITOHEHTIB MijJ Yac KpucTajizauii HMPKOHY. 3a3HaueHO 3Ha4yHi KonuBaHHs Zr/Hf, KijbKicHI 3HaAYeHHs SIKOTO
3pOCTAIOTh MiJl BIUVIMBOM HAaKJIAAEHUX MPOLECiB.

SUMMARY. Materials of detailed onthogenic studies of accessory zircon from some small ultramafic-mafic massifs of
the Golovanivsk suture zone of Bila Tzerkva-Odesa gneiss-granulitic region of the Ukrainian Shield have been consid-
ered in the paper. The studies of accessory zircon from these rocks was carried out basing on the generation analysis
elaborated by scientists of Mechnikov Odessa National University. Two genetical types of accessory zircon — relict and
epigenetic — were determined as a result of the analysis. The first type included the first, second and third generation
types. The epigenetic types consist of the first and second generation types. In ultramafic-mafic rocks prevail relict
zircon of the second, and rarely fhird types. The latest epigenetic zircon of the first and second types is formed during
tectono-magmatic activization processes. In different genetic types of zircon crystals the change of chemical composi-
tion (SiO,, ZrO,, HfO,) depends on original zonal distribution of these components under crystallization. Significant
variations of Zr/Hf ratio which values increase under the influence of epigenetic processes have been noted.
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Enoxa Etan Tun pyaHoi dopmaii CTpyKTypHe Ta cTparurpadiyHe po3rallyBaHHS CynyTHi pyaHi dopmaulii
@ pyH3eHCbkuin  [3aniancro-kpemeHncTo- K prBopisbko-K pemeHyyLibka 30Ha, raaHLiBecbka cBiTa MermaroigHo-
PaHHbonpoTepo3oiicbka 2,0 K1acToreHHa KPpU1BOPI 3bKOi_cepi pigKicHomeTanbHa
2,6 (2,3)-2,1 (2,0) K puBopisbkuii  |3arniancro-k pemeHncTo- K p1Bopi 36Kk 0-K pemeHuYyLibka 30Ha, CaKcaraHcbKa cepist
23-21 crnaHuesa B
CxigHoaHHiBCbk WA |3 arni 3vcTo-KpemMeHucTo- CxigHoaHHiBCbka cmyra
2,615 MeTabasnToBa B
IMi3Hboapxeincoka lynaininscekuii  [3aniancro-kpemeHncTo- 3axigHe MNpuasos’s, rynanninecbka ceiTa
3.1 (3,0)-2,6 (2,7) 2,85 nenTuToBa _
Binosepcukuin Te cave Binosepceknii, KoHkcbkni, BepxiBuiBebkuin p-Hu, Binosepcoka B
3,0-2,98 cBiTa
K OHK CbK I 3ani3ncro-kpemeHncTo- I"paHiT-3eneHokam’siHi cTpykTypu CepeaHbonpuaHinpoBCbKOro 3
. ; P o oroTopyHa
CepenHboapxencoka 3,15 MeTabasmToBa p-HY, KOHKCbKa CBiTa KOHKCbKO-BEPXiBLIiBCbKOi Cepif
3,4-3,1 K ocvBuiBcskuin — |3aniancro-merabasnTosa 3eneHokav'siHa KocuBLIiBCbKa ToBLLa, 3axiaHe Mprasos's B
3,323
PaHHboapxevicbka H oBonaeniscbkmi  |3ani3ncTo-K pemeHncTo- Opixoso-lTaBnorpaaceka 30Ha, HOBOMABIi BCbKUA KOMMIEKC
3,8 (3,6)-3,4 3,65-3,4 eBnianToBa B

cTp. 65




AMdmbBonmanpoBaHHble MMPOKCeHMTbI (ckB. 560, rn. 50,0-55,0 m)

BTopas reHepauuns penmkToBOro LMpKoHa MepBast reHepaLmsa HaNOXXEHHOrO LIMPKOHa
K OMMoOHeHT 1 kpucrann 11 kpucrann
1 | 2 | 3 1 | 2 | 3 1 | 2 | 3
SiO, 33,9 32,7 32,5 32,9 33,0 31,6 33,3 33,5 32,5
ZrO, 66,4 65,1 64,9 65,6 65,3 64,1 67,1 66,6 65,7
HfO, 1,29 1,44 1,61 1,48 1,74 1,38 1,05 1,18 0,93
UO, — — — — 0,49 — — — 0,54
3 101,59 99,24 99,01 99,98 100,53 97,08 101,45 101,28 99,67
Si 1,02 1,01 1,01 1,01 1,01 1,00 1,00 1,01 1,00
Zr 0,97 0,98 0,98 0,98 0,97 0,99 0,98 0,99 0,99
Hf 0,012 0,014 0,015 0,014 0,015 0,013 0,010 0,011 0,009
7r0,/HfO, 51,47 45,21 40,31 44,32 37,53 46,45 63,90 56,44 70,64
_ AnonepnaoTUTOBbIE CEPNEHTUHNTBI
AnNOnNMpoKCeHNTOBbIE CEPNEHTUHUTBI (ckB. 58, rn. 54,2—-59,5 m) (cKB. 59, £, 368.9-397,0 W)
KomnoHeHT BTopas reHepauusi penmkToBOro MepBast reHepaLmsa HaNOXXEHHOro BTopas reHepauuns HanoxKeHHoro MepBast reHepaumsa penvKkToBOro
LMPKOHa LMPKOHa LMPKOHa LMPKOHa
1 | 2 | 3 1 | 2 | 3 [ 2 [ 3 1 [ 2 [ 3
SiO, 32,6 33,1 30,9 32,5 32,6 33,0 33,7 331 33,5 31,8 31,9 32,0
ZrO, 66,1 66,8 62,6 65,8 66,6 67,7 66,9 66,3 67,0 65,3 64,2 65,1
HfO, 1,59 1,76 091 0,98 0,92 1,22 1,46 0,89 0,61 1,08 1,40 1,69
U0, — — — — — — — 0,48 — — — —
> 100,29 100,66 94,41 99,28 100,12 101,92 102,06 100,77 101,11 99,18 97,95 98,79
Si 1,00 1,00 1,00 1,00 1,00 1,00 1,01 1,01 1,01 1,00 1,00 1,00
Zr 0,99 0,98 0,99 0,99 0,99 0,99 0,98 0,98 0,98 1,00 0,98 0,99
Hf 0,015 0,017 0,009 0,009 0,009 0,011 0,014 0,008 0,006 0,010 0,013 0,015
7r0,/HfO, 41,57 37,95 68,79 67,14 72,39 55,49 45,82 74,49 109,84 60,46 45,86 38,52
AmdmBonunanposaHHble rabbpo-HOpUTLI K
AnonepnaoTnToBble cepneHTuHUTHI (ckB. 59, rn. 368,9—-397,0 m) rabbpo-amdmbonmThl
(ckB. 59, rn. 116,4—122.4 m)
KomnoHeHT BTopas reHepauusi penmkToBoro Tperbs reHepaumsa penvkToBoro MepBas reHepaumsa HaroXeHHoro BTopas reHepauusi penmKToBOro LMpkoHa
LMPKOHa LMPKOHa LMPKOHa
1 | 2 | 3 1 | 2 | 3 1 | 2 | 3 1 | 2 | 3
SiO, 32,8 32,5 33,8 28,7 32. 6 32,4 32,5 32,9 331 32,9 32,6 32,6
ZrO, 66,4 66,3 67,1 60,3 66,3 65,6 65,0 65,6 64,4 66,4 66,0 66,1
HfO, 0,93 1,32 1,73 0,84 0,99 1,37 0,85 1,02 1,37 1,31 1,31 1,60
UO, — — — — — — - — - - - -
3 100,13 100,12 102,63 89,84 99,98 99,37 98,35 99,52 98,87 100,61 99,91 100,30
Si 1,00 1,01 1,01 1,00 1,00 1,00 1,01 1,01 1,02 1,00 1,00 1,00



Zr 0,99 0,99 0,98 0,98 0,99 0,99 0,98 0,98 0,98 0,99 0,99 0,99
Hf 0,008 0,012 0,015 0,008 0,009 0,012 0,008 0,009 0,012 0,012 0,012 0,015
Zr0,/HfO, 71,40 50,23 38,79 71,79 66,97 47,88 76,47 64,31 47,01 50,69 50,38 41,31
AmdmbonnanpoBaHHble rabbpo-HopUTLI U rabbpo-amdmoonuTbl (ckB. 59)
KomnoHeHT BTopas reHepauus penmkToBOro LUMpKoHa MepBas reHepaumsa HaNOXXEHHOTO LIMPKOHA
(rn. 171,2-179,6 m) rn. 1164-1224 m rn. 171,2-179,6 m
1 | 2 | 3 1 [ 2 3 1 | 2 3
SiO, 32,5 33,0 31,6 32,3 32,5 32,2 32,8 32,8 33,0
710, 65,9 65,7 64,0 65,6 65,5 65,7 65,6 67,4 66,6
HfO, 0,71 1,82 1,39 0,96 0,83 1,16 1,31 1,06 0,98
U0, — — 0,51 — — — — — —
> 99,11 100,52 97,50 98,86 98,83 99,06 99,71 101,26 100,58
Si 1,00 1,01 1,00 1,00 1,01 1,00 1,01 1,00 1,00
Zr 0,99 0,98 0,99 0,99 0,99 0,99 0,98 1,00 0,99
Hf 0,006 0,016 0,013 0,009 0,007 0,011 0,012 0,010 0,009
7r0,/HfO, 92,82 36,10 46,04 68,33 79,04 56,64 50,08 63,58 67,96




Depth of Fraction, mm Humus, % Absorbed cations, mol/1 kg of soil 10~ H st
horizon, cm 1-0.25 [ 0.25-0.05 | 0.05-0.01 ] 0.01-0.005 [0.005-0.001] _ 0.001 SO [ Mg [ Na [ K P
HE 0-20 2518 37.63 22.31 1.69 4.87 8.32 1.2 1.0 0.5 0.1 0.1 5.6
Eh) 25-40 19.85 43.87 23.02 2.65 4.74 5.87 0.3 1.0 0.4 0.1 0.1 5.6
1E 40-90 15.14 34.02 33.58 1.92 3.98 11.36 0.3 2.0 1.0 0.1 0.1 5.5
P 100—-140 23.57 46.89 10.55 1.52 3.28 14.19 0.01 3.0 0.6 0.2 0.1 5.5
cTp. 59-1
SO 3; HCO; | NOj Ccl F Ca?* Mg* Na* K* Ni* Co?* cu® Zn? Pb* PO FA HA
24.00 141.36 — 66.5 0.44 60.0 11.11 6.4 2.6 0.04 0.02 0.02 0.06 — 5.2 234 0.07
cTp. 59-2
. . - - Padding CCE*, o ) , ‘ .,
Mineral Lattice Isomorphous substitution displacement mg-equ/100 g Specific surface, m*/g Quantity of exchange centers, nm
Kaolinite 1:1 Is absent Is absent 1-15 7-30 1.3-3.4
Montmorillonite 2:1 Mg on Al Al on Si 80—-150 700-800 0.4-1.6
Illite 2:1 Al on Si Mg on Al 40-70 65-100 0.4-5.6
Chlorite 2:1 Al on Si Mg-hydration 30—40 35-40

between lattices

cTp. 59-3





