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Abstract

The two main types of uranium deposits occurring within Phanerozoic formations of Ukraine are described.
They consist of uraniferous bearing bitumen in the Upper Carboniferous to Lower Triassic red beds, and infiltration
(roll front type) uranium ores, occurring in the sediments filling ancient Paleogene river valleys. The first deposit type
include black to dark brown beds of disseminated to massive bitumen occurring respectively as ozyantraxolite and
oxykerite. These beds include uranium, as well as other metals. This uranium mineralization is dated at 195 to 200
million years old. The second type includes infiltration deposits in Paleogene coal bearing sediments, with the uranium
mineralization occurring in the upper part of the sequence. The sediments occur within paleovalleys eroded into the
underlying crystalline basement of the Ukrainian shield and its weathered crust. The paleovalleys extend to a depth
of 70 to 90 metres. The coal bearing sediments are overlain by sediments of younger age. Several uranium deposits
of the second type are known, including a few identified as being of industrial grade.

1. INTRODUCTION

Phanerozoic deposits surround the Ukrainian shield. They form the platform mantle of the
Volyno-Podolian plate, fill the Dnipro-Donets and the Nearblacksea depressions and participate in the
structures of Donets, Dobrugia-Crimea and Carpathian folded areas (Fig. 1). Cenozoic deposits from
a thin cover over the Ukrainian shield.

Several uranium deposits and numerous ore manifestations are known within sedimentary
formations. Increased uranium concentrations within terrestrial deposits of the Middle Devonian and
Lower Cretaceous appear near outcrops of the Pre-Cambrian crystalline rocks. There are the
uraniferous coals in the Middle Carboniferous deposits on the south slope of Voronezh crystalline
rock mass. The oil and gas-bearing Dnipro-Donets depression is characterized by widespread
uraniferous bitumen deposits and smaller uraniferous manifestations. There are also commercial
uranium deposits in the Eocene sedimentary rock of the shield cover. They are located in the Dnipro
lignite basin.

Two main t>-pes of uranium deposits within the Phanerozoic formations are recognized by the
importance of their uranium concentrations. There are uraniferous bitumen in the Upper
Carboniferous to Lower Triassic red beds and infiltration uranium ores in the ancient Paleogene river
valley.

2. URANIFEROUS BITUMEN DEPOSITS

The Adamovskoe deposit is typical representative of the uranium-bitumen deposits. It is part
of the south-eastern Dnipro-Donets depression. That depression is filled by carboniferous, Lower
Permian, Triassic, Jurassic, Cretaceous and Palogene sediments. They overlie the rift which is filled
by thick Devonian terrigenous, saliferous and effusive formations.

The Devonian salt deposits which lies at the basis of anticlines and structural swells form
numerous diapir and salt domes (Fig. 2). The uranium-bitumen mineralization is associated with these
structures.
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FIG. 2. The scheme of the uranium deposits distribution in the Dnipro-Donets depression.

v / J Salt diapir

" ' Diapir breccia

Tectonic breccia

Faults

Zone of nonsulphide reduction

. \ I Zone of sulphide reduction

Uranium-bitumen deposit

rfgfflflP Mercury deposit

FIG. 3. Map of the ore-controlling epigenetic zoning of the Adamovskoe uranium-bitumen deposit,
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FIG. 4. The geological section A-B of Adamovskoe uranium-bitumen deposit.



The total thickness of the Phanerozoic formations near Adamovskoe deposit is estimated at
6.5 km by geophysical data. They form the large Slavyanskaya anticline. The north-western part of
the anticline is broken by two Devonian salt diapirs. One of them is overlain by Triassic red beds,
and the second is located under the Paleogene deposits.

The uranium-bitumen mineralization is located within the Triassic sediments. It is controlled
by the old channels which surround the Adamovsky salt dome (Fig. 3). The old channels are filled
with polimictic sandstones as shown in Fig. 4. In addition, the uranium-bitumen orebodies are
controlled by the southern and northern faults, and also by the distribution of the epigenetically
reduced, intensively argillized and pyritized Lower Triassic rocks. The orebodies (up to 11 units in
the total of 100-200 m) are the black and dark brown beds of disseminated or massive bitumen. The
black bitumen has the characteristics of oxyantraxolite, and the dark brown bitumen the characteristics
of the oxykerite. Furthermore, there are many disseminated barren bitumens of the asphaltite and
asphalt classes. The black bitumen is enriched by uranium (in excess of 1%) more than the brown
bitumen (in tenths of one percent), the typical ore consists of a terrigenous quartz (69-80%), feldspars
(1-3%), carbonates (1-10%), clay minerals (5-15%), iron sulphides (1-3%) biotite and chlorite
(< 1 %). The uraniferous bitumen content varies from one to 85 %.

The orebodies of the cross-cutting type are located near disjunctive dislocation and contain
about 10% of total uranium reserves.

The solid bitumen also contains vanadium, molybdenum (up to 1%) and chromium (up to
0.1%). This bitumen is intimately associated with CR-bearing montmorillonite and calcite which
formed at 180-190°C. Cinnabar is also present in the form of disseminations and veinlets along with
uraniferous bitumen and iron disulphides. Galena, shpalerite, barite, celestite, fluorite occur in the
calcite enriched rocks in the lower part of the Triassic in the southern fault zone. The sulphides and
fluorite contain admixtures of mercury or diffuse cinnabar.

The argillitized rocks and the associated mercury and polymetallic mineralization extend
within the Lower Permian and carboniferous deposits along the southern fault to a depth of more than
1000 m.

The content of lead ranges up to 1%, zinc — 10% and mercury — 0.3%. The uraniferous
bitumen, V and Mo are not found beneath the Triassic deposits, despite the fact that the barren solid
and liquid bitumen are widespread.

The age of uranium ores is from 200 ±10 to 195 ±5 mil. years according to U-Pb data
(Lower-Middle Triassic). It is possible that the uranium ore was formed as the result of interaction
between oxygen-bearing groundwaters and the hydrocarbon-bearing hydrothermal solutions which
deposited the mercury-polymetallic mineralization.

3. INFILTRATION (ROLL-FRONT TYPE) DEPOSITS IN COAL BEARING SEDIMENTS

The second important type of uranium deposits are the infiltration deposits in the Paleogene
coal-bearing sediments which fill the paleovalleys. The paleovalleys are cut in the crystalline rocks
of the shield and its weathered crust to a depth of 70-90 m. The coal-bearing sediments are overlain
by the Eocene and Oligocene marine deposits, or directly by Miocene littoral sands. The cover beds
are usually 30-60 m thick.

The paleovalleys are formed by the rivers which ran off the Ukrainian shield to the north into
the sea basin of the Dnipro-Donets depression, or to the south into the Tethys sea basin (Fig. 5).
Some paleovalleys are filled completely by river sediments but others only partially. Those which are
filled only partially are in the lower part of the Paleogene cover and are overlain by Iagoonal or
lacustrine marsh deposits.
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FIG. 5. Paleogeographical map of the western part of the Dnipro lignite basin, Middle Eocene.
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F/G. 6. Geological section of the Khutorskoe uranium manifestation.
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FIG. 7. Map of the epigenetic zoning of the Safonovskoe uranium deposit.

The main uranium deposits (Sadovoe, Bratskoe, Safonovskoe, Devladovskoe,
Novogurievskoe) and manifestations (Khistoforovskoe, Khutorskoe and others) are associated with
a river sedimentary complex at the south and central parts of Dnipro lignite basin (Fig. 5). The sheet
uranium deposits of the valley type are distributed along nearly the entire width of the channel
(Devladovskoe, Bratskoe, Novogurievskoe deposits). The uranium deposits of the near-slope type
form narrow sinuous strips along paleovalley slopes (Sadovoe, Khutorskoe, Tashlykskoe and other
deposits and manifestations) (Fig. 6). The localization of ore deposits depends on the development
of the ore-controlling oxidizing zones which can develop downslope from the upper reaches of the
river valley or from the sides of valleys (Fig. 7). Uranium bodies are distributed in all river sediments
and also often in the upper part of the weathered Precambrian bedrock. The thickest and richest
orebodies are located in lower and middle parts of river sands. Ore-bearing coaly sands predominate;
clays and brown coals are less frequently ore-bearing.

The lagoonal facies are composed of coaly-clay sediments with rare small interbeds of fine-
grained sand and sandstone. Thick coal deposits are characteristic of this complex. Two commercial
uranium deposits (Surskoe, Chervonojarskoe) and numerous ore manifestations are in sediments of
the complex. Uranium ores are mainly controlled by ground oxidizing zones. They are therefore
located in the upper part of the Eocene coaly sediments. They are the ores of the ground-bed
oxidizing zones which are present on slopes and in upper reaches of river valleys.

The locustrine marsh complex occupies a large area (Fig. 5). Its deposits consist of coaly
siltstones, clays and thick beds of brown coal with sand interbeds. They fill a shallow (up to 20 m)
gentle depression (40-50 x 20-30 km). These deposits are the least uraniferous of all. There are only
small ore manifestations in the peripheral parts of locustrine marsh basins. Uranium concentrations
are controlled by the ground oxidizing zones are located in the upper part of coal-bearing series (in
coaly clays, brown coal).
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Ore-controlling oxidizing zones in water-bearing horizons of Dnipro lignite basins were
formed as a result of oxidation of iron sulphides and organic carbon by groundwaters. There are three
main lithological types of uranium ores. In the Bratskoe deposits these are: coaly sands (63%), coaly
clays (13%) and brown coal (16% of reserves), the reserves of uranium ore in the upper part of the
weathered Precambrian crust are not more than 8% of the total. Uranium occurs mainly in coal-rich
and clay-rich matter. Uranium hydroxides (—17%), uraniferous leucoxene ( — 5%) and iron
hydroxides (~3%) are minor. The zone of uranium mineralization coincides with the zone of
epigenetic reduction and hydrosulphuric and sorptive precipitation of some elements. An addition to
iron disulphides there are bravoit, violarite, jordisite and sphalerite. High contents of Se, Mo and Re
are present in some orebodies. Some deposits also have Zn, Co, Ni and Tl. The development of the
river drainage and the zones of oxidation and the formation of uranium ores started between the early
and late Pliocene and is continuing at the present time.
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