GEOLOGICA BALCANICA, 22. 4, Sofia, August. 1992, p. 43-51.

Conditions for accumulatioin of coal-bearing formations
in South-Eastern Europe during the Carboniterous

Katya Popova®, Tvan Rusanov', Aleksandr Mogilev®

1 Research Institute of Mineral Resources

1505 Sofia, bul. Kh. Kabakchiev, 23

2 All-Union Geological Institute “A. P. Karpinski® (VSEGEI)
199026 Sankt-Peterburgh, Sredni boul., 74.

Received 6. 12. 1991; accepted 26. 03. 1992)

K. MMonosa, H. Pycaros, A. Mociaee — ¥c.a06u8 HOKONAGHUA YeAEHOCHbIX popmayuii kapbora 6 4acmi
F020-Bocmounoii Eeponer. Ha ocnobaniny anajn3a pachosoXKeHHsS yeThipeX KPYMHBIX yroJTbHBIX Gacceii-
HoB: Tlo6pyaxkanckoro n Csorenckoro B Boarapun wu Jlonenxoro n JIbBOBCKO-BoJsbiHCKOTO B I0TO-
sanazanoit yacti CCCP, B pe ruona/bHbiX CTPYKTypax IOro-Bocrounoii EBponbl BbiBegenbl o6LiHe 3aKo-
HOMEPHOCTH pAa3BHTHsI YCJOBHH OCAaJKOHAKOMJEHHS B HHX Ha NPOTSXKEHHH Kap6oHOBoro mepHoaa.

YcTanoB/cHa HEeMmocpeACTBeHHAs CBSi3b obuiei 115 Bcex 6acCeHHOB perpecCHBHOH HanmpaBJE€HHOCTH
TeKTOHHYECKHX JBHIKEHHH C ODOTeHHbIM 3TanoM pPa3BHTHS BapHHCKHX CKJaauyaTeiX o6jacTeii.

Oco6enno SIpKO 3Ta CBsi3b BbIPaXKaeTCH B 3aMaJHBIX YacTAX H3YYEHHOrO perHoHa, B KOTOPHIX
yrJeHocHble (hOpMaLHH XapaKTepH3ylorcsi GoJblueil MOJIMMHKTOBOCTBIO COCTAaBa TePPHreHHbIX MOpOj, Go/biuel
PacuJIeLeHHOCTbIO Pa3pe30B M yBeJIHYEHHBIM YYacTHeM THDOKJACTHKH B OCaNOYHBIX TOJMILAX.

OrMeueHbl OCHOBHBIE OG/IACTH-HCTOYHHKH CHOCA. Tak YKPauHCKWil LIHT SBJSETCS IVIaBHBIM HCTOYHHKOM
CHOCA NPH HaKOIVIEHUH YrJeHocHwX Toau J{on6acca u JIbBoBcKo- BoabiHckoro GacceitnoB. O6aacTsiMi cHoca
npu o6pasoBankii CBoreHckoro 6acceiina GblJIH CYJ€TCKHE TOPHble 06paM/IeHHS MEXropHoH KOTJOBHHBI,
a npu ¢opmupoBanun JJob6pymkaucKoro GacceilHa OCHOBHBIM MOCTaBILHKOM T€PPHTEHHOTO MaTepHa/a
6bl1 ceBepoGOATaPCKHIT CBOJ, KaJeJOHCKHEe Topbl, PacloJOoKeHHble ¢ [ora.

Xapakrep celHMEHTaUMH B MH3yyeHHOH o6JacTH npubpexno-mopckoi (Jonbacc u JIbBOoBCKO-
Boabmckuit 6acceiins) M alal0BHAJbHO-JEJAbTOBBIH, €O BceMd nepexoanblM THNamH (CBOTEHCKHH H
HoGpyaxanuckuit 6acceiinb).

Abstract. Some general regularities of the evolution of sedimentation in the regional structures of
South Eastern Europe during the Carboniferous have been derived by an analysis of the location of four
Jarge coal basins as the Dobrudzha and Svoge basins in Bulgaria and the Donetsk and Lvov-Volinsk
ones in South-West USSR.

Direct relationship between the general regressive direction of tectonic movements and the oro-
genic stage of development of Variscan folded zones were established.

This relationship is best defined in the western parts of the studied region where the coal-bea-
ring formations are characterized by more polymictic terrigenous rocks, better defined rock
sequences and increased amounts of pyroclastics in the sediments.

The location of the main supply areas of deposited material was marked. Thus the Ukranian
shield represents the main source of deposition during the accumulation of coal-bearing of the Don-
bass and Lvov-Volinsk basin. The sources of deposition during the formation of the Svoge basin were
the Sudet mountaneous series of the intermountanous valley. The general supply of terrigenous ma-
terial for the Dobrudzha basin was secured by the North-Bulgarian uplift of the Caledonian mountain
located to the south. ;

The sedimentation character of the region studied is coastal (Donbass and Lvov-Volinsk basins)
and alluvial-deltaic with all intermediate patterns (Svoge and Dobrudzha basins).
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Introduction

On a global scale the process of formation of coal-bearing complexes during the Car-
boniferous is characterized by an extraordinary variety of regional tectonic settings
and exogenic factors thus causing accumulation of polyfacies layers. For four years a
group of specialists at the Research Institute of Mineral Resources in Sofia and the All-
Union Geological Institute in Leningrad has been carrying out joint research in some
large Carboniferous coal basins aiming at establishing the regularities of deposition
and later transformations of coal-bearing sediments. The studied objects (the Donetsk
and Lvov-Volinsk basins — in the USSR, and the Dobrudzha and Svoge basins in Bul-
garia) have been chosen because they were well-studied and are stratigraphically com-
parable.

Location of the basins in the regional structures of South-Eastern Europe

The basins studied are located in zones linking various large structures in the regional
tectonic pattern of South-Eastern and Eastern Europe. The largest platforms, e. g. the
East-European, West-European, Scythian and Moesian platforms, and the folded re-
gions, e. g. the Carpatho-Balkan Arc (Fig. 1), represent such structures.

The Donetsk basin is located within the vast sublatitudinal Pripyatsk-Dneprovsk
aulacogene. Both of them and the eastern extension of the depression (aulacogene),
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Fig. 1. Scheme of the tectonic zoning of South-Eastern Europe in scale 1:10 000 000

Epi-Caledonian Platforms: I — West-European; 2 — East-European.

Early Hercynian structures: 3a — Dobrudzha protuberance; 3 — Moesian platform;
4 — Skythian platform; 5 — Donetsk aulakogene. Alpine structures: 6 — Kar-
patho-Balkan Arc; 6a — external zone; 66 — Fore-Carpathian fold zone; 6c —
internal zone; 7 — Hungarian Depression; 8§ — Di-narides.

Coal basins: A. Donetsk; B. Lvov-Volinsk; C. Dobrudzha; D. Svoge
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the so-called Karpinski Arch, form part of the Scythian Platform. The Scythian Plat-
form wedges into the East-European Platform from the southeast, extends round in
from the south and connects with the Moesian Platform underneath the northern part
of the Black Sea (' ap ek u i, 1972).

The Lvov-Volinsk basin lies at the southwestern end of the East-European Platform,
inside the Lvov-Lyublinsk depression which, with reference to the Hercynian struc-
tural pattern, is situated at the joint linking together the West-European and East-
European platform. According to Muratov (My p at o et al., 1972) the depression
itself represents a zone of pericratonic dips within the specific tectonic structure stret-
cging from the Sventokshinski Mountain to the Dobrudzha Massif (Zelichowski,
1972).

The coal basins of Bulgaria adhere to the zone linking the Moesian Platform and
the southern segment of the Carpatho-Balkan folded belt. The relationship between the
platform and its folded framework involves essentially the fault dislocations within
the Northern Fore-Balkan fault zone.

The Dobrudzha coal basin is situated on the western slope of the East Moesian
Platform’s largest North-Bulgarian uplift. The Carboniferous sediments fill an ex-
tensive depression which is part of the Vranino horst, the southern most subsided sec-
tion of Dobrudzha Massif.

The Svoge basin lies in the West-Balkan tectonic zone bordering on the Sredno-
gorie in the South and on the Fore-Balkan in the North. Coal-bearing sediments fill
a synclinal structure formed in a Hercynian intermountain trough. The structure is
complicated by numerous faults and thrusts of the Ordovician series.

Evolution of sedimentation environments

During the study of Carboniferous complexes in the above-mentioned parts of South-
Eastern Europe, the coal basins have been found to adhere to negative morphostruc-
tures of various size in the ancient East-European Platform (Lvov-Volinsk basin) and
in its Caledonian folded framework (Dobrudzha, Donetsk and Svoge basins). During
the Carboniferous this wide territory was subjected to repeated ascending and descen-
ding movements causing uneven distribution of washout and sedimentation areas.
The most stable region of upward tectonic movements was the Ukraining Shield which
remained a washout area throughout the Carboniferous. It supplied most of the ma-
terial for the Donetsk and Lvov-Volinsk basins. Additional source areas were the Vo-
ronezh and North-Volinsk massifs (for the Donetsk basin) and the Sventokshin uplift
(for the Lvov-Volinsk basin).

The North-Bulgarian arch and the Caledonian swells further south were the main
areas of uplifting within the Moesian Platform. The intermountain Svoge trough, for-
med in the Variscan mountains during the Sudetian orogeny, had been filled with ter-
rigenous material from the mountain ranges around it.

A common feature of the basins studied is the regressive character of the coal-
bearing sequences. However, the tectonic regimes of the separate sedimentation epochs
differ considerably.

The beginning of the Carboniferous in the entire region is characterized by predo-
minantly transgressive marine basins dominated by carbonate sedimentation with lo-
cal manifestations of instability and formation of sandstone conglomerate series in-
terbedded by coal, weathering crusts and numerous surfaces of denudation (Lvov-
Volinsk basin).

Upper Visean. During the Late Visean, an extensive regression resulted in accu-
mulation of thick coal-bearing deposits in coastal shallows, large swamped coastal
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plains, lagoons and bays. They include the 600 m thick coal series in the Lower Car-
boniferous coal-bearing formation in the Donetsk basin (LI y .1 b r a, 1981); the Us-
tilyuzhsk Formation in the Lvov-Volinsk basin consisting of 30 meters of fine-grained
bioclastic limestone alternating with black argillites; and the Konare Formation which
is the oldest coal-bearing formation of the Dobrudzha basin (Kulaksazov,
Tenchov, 1973). The Upper Visean Irechek Formation should also be mentioned
here. It consists of oligomictic sandstones up to 600 m thick, deposited probably during
a period of slow rise of the Konare Formation coal-bearing sediments to the surface.
A packet of quartz sandstones and conglomerates at the top of the Irechek Formation
testifies to the continuous influence of chemical reagents on the denuded rocks causing
profound changes in their composition.

Namurian. During the Namurian sedimentation began in the Svoge basin, too,
forming the Tsarichina Formation and the lower part of the Drenovo Formation. The
regressive character of the Namurian sedimentation in the Dobrudzha basin has been
definitely established. The coal-bearing sediments of the lower part of the Mogilishte
Formation (Tenchov, Kulaksazov, 1972) are characterized by marked po-
lymictic terrigenous rocks and by the appearance of greywacke varieties. The diver-
sity of debris composition, as well as the predomination of rock fragments indicates a
sequence of abrupt upward tectonic movements which has determined the deep entren-
chment of river valleys, the increased water dynamics and the resulting formation of
poorly sorted immature sandstone types.

The Namurian formations of the Lvov-Volinsk basin: Poritsk, Ivanichevsk, Lishn-
jansk, Buzhansk, Morozovichevsk and Paromovsk have been formed by regressive se-
dimentation which took place in lagoon-delta and sea environments. The multiple
alteration of terrigenous rocks in the sequence with coal layers and with goniatite-
bearing limestone interlayers, as well as the well defined rhythm testify to the regula-
rity of oscillations against the background of slow general subsidence. The regressive
Namurian sedimentation in the Lvov-Volinsk basin ended with an uplifting and breaks
in sedimentation towards the beginning of the Bashkirian stage (I y a »r a, 1960).
The quantity of continental deposits in the section gradually increases upwards reflec-
ting the gradual decrease of the rate of sinking.

A characteristic feature of sedimentogenesis in the studied basins is the presence
of volcanic products in the Namurian sediments, inclidung tuff, tuffite and tonstein
interbeds at the base of the I, coal layer Mogiliste Formation; tonstein marking the Na-
murian C/WestfallianA boundary in the Svoge and Dobrudzha basins, as well as the Na-
murian B and C boundaries in the upper parts of the Morozovich Formation of the Lvov-
Volinsk basin.

During the Late Namurian, the southern marginal parts of the Dneprovsk-Donetsk
depression suffered intense upward movements whereas the Central part of the Donetsk
basin sank considerably. The process resulted in the deposition of the C;4 Formation
and in sharp reduction peat formation as compared to the same processes in the swam-
ped coastal plain (the C;3 Formation).

Westfallian. The Lower Bashkirian stage in the Donetsk basin started with advan-
cing transgression and deposition of the Madrikin limestone (C,1) and ended with the
deposition of the C,2 Formation. Generally, the stage is characterized by weaker ero-
sion in the source areas, calm sedimentation under coastal-marine conditions and in
lagoons where river driit sediments are extremely rare. In the Donetsk basin the forma-
tions C,3, Cy4 and C,5, deposited during the Late Bashkirian, indicate slight subsidence
with gradually increasing proportion of alluvial and submarine-delta deposits in the
sequence,

Towards the end of the Bashkirian stage, transgression in the Lvov-Volinsk basin
resulted in the deposition of the upper parts of the Morozovitch and Paromov Forma-
tions. The rate of subsidence gradually decreases and the coastal-marine environment
eventually changed to coastal-continental one. The quantity of continental deposits
increases towards the top of the section (Krechev Formation).
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The Westfallian sedimentation and peat formation on the Bulgarian territory took
place under markedly continental conditions. The entire Upper Carboniferous section
of the Dobrudzha basin is characterized by a progressive development of an alluvial
plain with wandering rivers which have produced numerous intraformational denu-
dation boundaries. The Westfallian Stage of basin evolution was influenced by a gene-
ral uplifting accompanied by volcanic activity resulting in deposition of whole hori-
zons and portions of formations of pyroclastics (the upper part of the Mogilishte For-
mation, the lower half of the Macedonian Formation, and some horizons in the Gur-
kovo Formation in the Dobrudzha basin). At the same time, during the sedimentation
of the upper Westfallian C and the lower Westfallian D series, the tectonic regime
became stable and extensive swamped lake areas were formed providing favourable en-
vironments for accumulation of thick coal-bearing series corresponding to the maxi-
mum presence of coal in the Dobrudzha basin.

The regressive stage of development in the Svoge basin, which had started as early
as the beginning of Namurian C, lasted until the middle of Westfallian B. A characte-
ristic feature of that stage is the manifestation of four complete transgressive stages and
an incomplete one in the Drenovo Formation. It is these stages of 1ake sedimentation
during which coal formation reached its maximum. After that, the regressive develop-
ment continued against the background of the advancing differentiation of tectonic
movements and expanding coastal-continental and continental environments (the Chi-
baovci Formation). The dynamism of mountain rivers and streams reflected in the coar-
se-grained deposits at the bases of the four mesorhythms regularly changes to lake se-
dimentation in impounded basins towards the top of the rhythms, around which a lo-
cal but stable peat accumulation has taken place. The process of expanding and stable
development of lake sedimentation shows considerably higher rates during the West-
fallian D and is clearly manifested in the upper part of the Chibaovci Formation. Du-
ring the Late Carboniferous sedimentation continued in the Donetsk basin only (J/le -
BeHWTe it H, 1975), the so-called Upper Carboniferous coal-bearing subformation,
because of the sharp predomination of coastal-continental environments. The tectonic
regime is characterized by large amplitudes of oscillating movements and distinct reg-
ression. The preserved coastal swamp plain, with a bay and large shallow areas in the
north-east, is characterized by a considerably reduced coal formation at the end of the
Carboniferous. Intraformational washouts and the gradual expansions of contributed,like
subhumid climate in the Dobrudzha basin, to the gradual ceasing of coal formation
towards the end of the Westfallian D.

Analysis of the general regularities of paleolandscape evolution

The general regularities of paleolandscape and coal-forming environment evolution
during the Carboniferous in South-Eastern Europe have been derived on the basis of
the study of the lithological-facies composition of the Carboniferous sediments, the geo-
tectonic position of the basins studied and the regimes of their formation.

In addition to the data obtained during our joint study, the analysis of the basic
paleogeographical elements of the studied territory and of the location of areas of coal
accumulation in it is also based on materials from the Atlas of paleogeographical maps
(Bunorpapgos, Ed., 1961), the Tectonic map of Europe and adjacent areas (edi-
ted by X aumn, Jleomnos, 1979), the International map of European coal-bearing
deposits (edited by Topcx uitet al., 1967) and a number of other sources (3 p e-
Mus, 1975; MarteesB, 1966; JLaues, 1988; Tenchov, Yanev, 1979).

Three major trends in the evolution of the territory (Fig. 2 and 3) have emerged

from the constructed paleogeographical schemes and from analysis of sedimentation
environments.
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Fig. 2. Scheme of the paleogeographical settings during the Lower Carboniferous.

1 — Carpatho-Balkan arc; 2 — lowland; 3 — shallow sea; 4 — mountain foothills; 5§ — swampy
plain; 6 — coastal plain; 7 — internal and forebalkan folds; 8 — coal basins and regions; 9 — in-
ternal mountain lowland; 10 — sea.

Coal basins: 1. Donbass; 2. Dobrudzha; 3. Svoge; 4. Lvov-Volinsk; 5. Upper Silesian; 6. PreDnestr;
7. Zonguldag; 8. North Caucasian; 9. East Serbian

The first trend consists in the general regressive type of landscape development
from pure marine environments during the Early Carboniferous to coastal and inter-
continental ones during the Late Carboniferous. The trend reflect the specific time
intervals of formation of the studied-coal-bearing deposits, their direct relationship
with the orogenic stages of the Hercynian (Variscan) cycle of geotectonic evolution of
folded regions. As it is known, the Variscan cycle ended at the end of the Paleozoic
with the formation of mountain systems along the south-western, southern and eastern
borders of the Russian Platform (Fig. 3).

The second trend consists in the increasingly continental character and better
defined characteristics of the individual contemporaneous environments from the east
to the west (from the Donetsk to the Lvov-Volinsk, Dobrudzha and Svoge basins).
First of all this is reflected in the lithological composition of rocks: increasing grain
size of rock constituents, decreasing mineralogical maturity and sorting, increasing
variety of clastic components, diminishing content of limestones in the series to their
complete absence from the sections of Bulgarian basins. Secondly, the trend is also
reflected in the facies of sediments. For example, alluvial fan facies, stream channel
facies and facies of fresh-water lake-type inland basins are characteristic of the Svoge
and Dobrudzha basins only, whereas the contemporaneous sediments of the Lvov-
Volinsk and especially of the Donetsk basin are predominated by coastal facies with
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Fig. 3. Scheme of the paleogeographical settings during Upper Carboniferous
The indications are the same as in Fig. 2

extensive lagoon varieties, coastal lakes of normal salinity, bay facies, the series
showing a markedly content of alluvial and deltaic varieties.

The above tendency reflects the differences in the positions of coal accumulation
areas with reference to the Late Hercynian orogenic zones. The Bulgarian Carboni-
ferous basins were located either inside or at close proximity to mountain structures
which has determined their coarse-clastic continental and subcontinental cross-sec-
tions with many intraformational discontinuities. At the same time, the largest basins
of South-Western USSR were formed in wide plains and around seas with lagoon-bar
types of swamped coasts.

The third trend consists of the increasing role of pyroclastics from the north-east
to the south-west. The coal-bearing series of Bulgarian basins have been found to con-
tain abudant evidence of volcanic activity including tonstein layers up to 10 m thick
at the base of some coal seams [lIonosa, MaTaunoBa, 1981; ITonoB a, 1989);
tuffaceous layers and horizons consisting of tuffs, tuffites, and tuff-sandstones. Vol-
canic rock fragments are also present in the clastic constituent of rocks both in the Dob-
rudzha and in the Svoge basins. All that means that the pyroclastic material in the Bul-
garian Carboniferous sediments is a product of local volcanism the centres of which

“lies probably in the nearest surroundings of sedimentation basins. Volcanic material
has also been found in the Donetsk and Lvov-Volinsk basins (M Banosa et al,
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1979), where, however, it is less common forming thin tonstein and tuffaceous layers
Bapuukuit 1970; HepunoBbanmu, 1976; Tepemenko, HepHOBS-
s H 1, 1979). It follows therefore, that the material in the South-Western USSR is a
product of quite distant volcanism and forms telepyroclastic deposits (b p 0o B K 0 B,
1965) with no direct connection to the host geostructural zones. The above trend in the
evolution of the basins studied is fully compatible with their position in the Late Pa-
leozoic paleogeographical regions of different seismic and volcanic activity.

Conclusion

As may be seen from the above analysis, all studied coal basins show significant dif-
ferences in the tectonic regimes and paleogeographical environments of Carboniferous
sedimentation inspite of certain similarities in their geological evolution.

The stable character of prolonged subsidence involving oscilliation of varying am-
plitude determined the predomination of sinking to rising stages in Donbass and the
maximum speed of sedimentation of 196 m/mln years was reached. The tectonic regime
of sedimentation in Dobrudzha and Svoge basins is characterized by a considerably
shorter subsidence. According to some authors (b o x o B, 1989) the space for the Upper
Carboniferous sedimentation in Dobrudzha had been already prepared which determi-
ned the formation of such thick series consisting of alluvial-deltaic sediments without
any traces of brackish-water or marine facies. The rate of sedimentation in Dobrudzha
is 54 m per one mln years, and in the Svoge basin it is 48 m.

The lowest rate of sedimentation has been found in the Lvov-Volinsk basin (35
m/min years). The general subsidence of its floor was interrupted several times by up-
ward movements, especially during the initial stages of sedimentation.

Thus the main differences between the basins studied consist of the rate and dura-
tion of subsidence and in the availability of terrigenous material needed for accompli-
shing a compensated sedimentation.

The formation of thick coal-bearing sedimentary sequences in zones linking an-
cient platforms with orogenic regions (foredeeps) is a prerequisite for their further pur-
poseful study and for finding zones of non-compensated depressions, so interesting in
view of their oil and gas potential.
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