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Abstract

Industrial uranium deposits of Ukraine are represented by two types. Their origin is related to the processes
of alkali metasomatism in areas of proto-activization that took place at the late orogenic stage of the formation of the
Ukrainian shield. Deposits are located in large cataclatic zones that are formed at the intersection of deep fractures.

1. INTRODUCTION

The industrial uranium deposits of Ukraine are represented by endogenic deposits in albitites
and by exogenic epigenetic deposits in sediments of platform cover of the Ukrainian shield. At present
the main suppliers of uranium ores are deposits in albitites of the Kirovograd ore region. Two
deposits of this genetic type of the Krivoi Rog ore region (Zheltorechenskoye and Pervomayskoye)
have mined out Albitite-type deposits and are not considered in the present report.

The Kirovograd ore region is located in the Kirovograd district of Ukraine. Uranium deposits
of this region are represented by the Michurinskoye, Severinskoye and Vatutinskoye deposits. The
Michurinskoye and Vatutinskoye deposits are exploited by VostGOK combine. The Severinskoye
deposit is prepared for operation but is not yet in production. The uranium mining complex of the
region includes two uranium mines (Ingulskoye and Smolinskoye). They are located in the towns of
Kirovograd and Smolino, 80 km from each other. The recovered uranium ores are processed at the
hydrometallurgical plant located in Zhelty Vody. Mining ores is done underground. The final product
is uranium oxide-protoxide.

The formation of deposits of the Kirovograd region is connected with processes of sodium
metasomatism, juxtaposed on granite-metamorphic substratum in fault zones during Early Proterozoic
activization. This took place at the end of the orogenic stage of the Ukrainian shield formation.
Uranium ore formation (1.7-1.8 Ga) follows the stage of regional granitization (about 2 Ga).

The Kirovograd region is also in the limits of the same geoblock of the Ukrainian shield. The
structure of this region is defined by a large Korsun-Novomirgorodsky geoanticlinorium. The axis
lift of the structure consits of two granitoid complexes various age and nature. The southern part of
the axial zone is formed by the Novoukrainsky massif of anatectic potassium granites (the age is about
2 Ga). The northern part is formed by the Korsun-Novomirgorodsky pluton of rapakivi-granites and
anorthosites (1.7-1.8 Ga). The limbs of anticlinorium consist of Early Proterozoic gneisses and
migmatites and small-sized granite bodies. The Korsun-Novomirgorodsky anticlinorum is limited by
the Kirovogradsky regional fault in the east and by the Zvenigorodsko-Annovsky regional fault in the
west (Fig. 1). Seismic investigations indicacte that the Kirovograd region corresponds to a block of
earth's crust with the greatest depth (20 km) of occurrence of anatectic granitoids in the Ukrainian
shield.

The basement rocks within deposits are predominantly biotite gneisses, migmatites and
granite-gneisses. These rocks have been transformed under conditions of amphibolite facies, and
folded in system of steep and relatively simple folds with submeridional direction. They are non-
conformly granitized and intruded by subconcordant bodies of granites and pegmatoids.
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On the whole, the positions of the Michurinskoye and Severinskoye deposits are controlled
by the Kirovogradsky fault and the Vatutinskoye deposit — by the Zvenigorodsko-Annovsky fault
(Fig. 1). Within regional faults the structural position of the deposits is defined by their localization
to sites of complications of local faults by system of cross cutting disturbances. Thus the Severisnkoye
and Michurinskoye deposits are located at sites of complication of the main submeridional faults by
cross cutting north-west disturbances. The Vatutinskoye deposit is located where the main north-west
fault is intersected by cross cutting structures.

Faults have complex internal structures and include structural elements of two of different age
groups. The structural elements of the first group developed during formation in the making of the
crystalline basement. They are presented by consistently formed small-sized granite bodies, zones of
folding, boudinage and pegmatoid veins, as well as zones of blastomylonites. The folded zones and
seams of blastomylonites developed in conditions of almandine-amphibolite facies of metamorphism
during plastic deformation.

The structural elements of the second, later group were formed under conditions of relatively
near surface, brittle deformation. They are represented by mylonites and zones of cataclasis
accompanying wide zones of greenschist (chlorite-epidote) metamorphism, as well as later cataclasites
where the bodies of uranium-bearing albitites are located.

Sodium metasomatism forms the large bodies of albitites. They extend from a few hundred
metres to 2 km deep and have a thickness from tens to one hundred metres. The depth of occurrence
of albitites is comparable with their lateral extent (Figs 2, 4). Albitites are developed from granites,
migmatites and gneisses. The textural-structural peculiarities of the replaced rocks are preserved. Such
minerals as chlorite-epidote, riebeckiteaegirine, aegirine, phlogopite and carbonate-hematite-chlorite
are represented.

There is a time interval indicated between the time of albitite formation and of uranium ore
formation that is indicated by the cataclasis of albitites before ore formation. Uranium mineralization
occurs in cataelas the albitites and formes fine impregnation and microveins. This mineralization
together with late albitite, rhodusite, phlogopite, chlorite, carbonate and hematite, fills the systems
of small-sized intergrain faults and forms the cement of cataclic albitites.

The position of orebodies is controlled by main and cross cutting faults, and the changes in
attitude of faults in horizontal and vertical directions. In addition to the structural control in all
deposits, the lithological control is expressed by the primary localization of albitites and orebodies
within granitoids. It is controlled by favourable physico-chemical properties of granitoids. Orebodies
occur within the internal zones of albitite bodies, taking subconcordant position with them. They
occur as blankets, lens and columnar stockwork. The thickness ranges from a few metres to ten
metres, and the horizontal extent from the tens to one hundred metres (Figs 3,4). The vertical extent
frequently exceeds the horizontal, and reaches 1.5 km (Severinskoye deposit).

Uranium minerals present in the ores include uranitite, nasturan, brannerite, coffinite,
hydroxides, uranium silicates and uranium black. According to conditions of formation, uranium
minerals are divided into primary: (uraninite, nasturan, brannerite, coffinite); and secondary:
(hydroxides, uranophane, boltwoodite, beta-uranotile and uranium blacks). Zoning of uranium
minerals within the deposits is absent. Primary and secondary minerals are developed at the same
depth levels. Secondary minerals occur at depths of 1000 m and more.

Known resources (RAR & EAR-I) uranium resources of the Kirovograd ore region are
102 000 t U including 52 000 t U with a production cost of $80/kg U. Prognostic (EAR-II) uranium
resources are estimated at 136 000 t U.

Some of the exogenic type uranium deposits in the sedimentary cover of the Ukrainian shield,
are suitable for exploitation by in situ leach mining technology (ISL). These deposits are located
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FIG. 1. Krivoi Rog and Kirovograd uranium-ore regions. Geological map without cover ofNeogene
and Quarternary sediments.
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FIG. 2. Vatutinskoye deposit.
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within the Dnieper brown coal basin (Devladovskoye, Bratskoye, Surskoye, Safonovskoye etc.). Some
of the (Devladovskoye, Bratskoye, Safonovskoye) have been exploited. The first two are completely
mined out and the resource have been deducted "cancelled" from the national uranium resource
inventory.

The deposits are located in erosional-tectonic paleovalleys, filled by Paleogene-Neogene coal
bearing sediments. They controlled by zones of ground or ground-bed oxidation. The uranium ores
are located in alluvial sediments in the lower part of coal bearing formations, where coal sands,
seldom coaly clays and brown coals are present. The depth of the mineralization ranges from tens of
metres to 70-80 metres.

The deposits have different shapes and extend along paleochannels and/or along paleovalleys.
The width of orebodies ranges from 50-80 meters to several hundred metres. The length is 2-4 km,
the thickness is 3-10 m. In section, the uranium deposits consist of numerous horizontal orebodies
with complicated contacts (Fig. 5). The uranium contents in ores are low — the first hundredth of
percent. The uranium is concentrated in coaly and clayed material. Uranium blacks, uranium-bearing
leucoxene and iron hydroxides are present in small quantity. The Uranium reserves of these deposits
are not large and range from 1000 to 3000 t U.

The prospected and previously appreciated (RAR & EAR-I) resources of these deposits are
10 000 t U with a production cost of less than $80/kg U. Prognostic (EAR-II) resources are estimated
to the 20 0 0 0 t U .

2. SUMMARY

The whole prospected and previously appreciated (RAR & EAR-I) uranium resources of
industrial deposits of Ukraine are 112 000 t U including 62 000 t U with a production cost of
$80/kg U. Prognostic (EAR-II) resources are estimated to be 156 000 t U.
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