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Introduction

The Dobrudza Coalfield in Northeast Bulgaria lies adjacent to the Black Sea
coast, near to the border with Romania (/7ig. /). It is covered by more than
1200 m of Mesozoic deposits. Subsequent drilling over an area of some
200 km?, at intervals of between 0.5 km and 2.0 km, revealed a succession
of about 1700 m of upper Namurian to lower Stephanian coal-field strata
(Nikolov, 1988). According to Yanev (2000) and Winchester et al. (2002),
the sequence was formed on a microplate designated as the Moesian
Terrane, which had detached itself from Gondwana and had accreted with
Baltica during Late Devonian times. The Dobrudza Coalfield macrofloras
have some common features with those of Upper Silesia (7enchov, 1975),
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Fig. 1. Location of Dobrudzha Basin in Bulgaria
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and it 1s most likely to have been an eastern extension of the Variscan
Foreland, rather than an intermontane basin (Cleal et al., 2004).

This paper describes the fossil flora found in Gurkovo Formation.

Material and methods

One hundred and nineteen boreholes were drilled in the Balchik Group of
the Dobrudza Coalfield. Floral remains from 14 samples are described in
the present paper. They are registered in Paleontology section of the main
fund of the Department of Natural History of Varna Regional Museum
of History. All are from Gurkovo Formation. Identifications of species
and whole-plant assemblages, where appropriate, were based on standard
paleobotanical literature: neuropterids: Crookall (1959) and Laveine
(1967), sphenophylls: Corsin (1951), Boureau and Doubinger (1975).

Stratigraphy

The Carboniferous of the Dobrudza Coalfield, Northeast Bulgaria is
stratigrafically divided into the upper Viséan to lower Namurian Group
(the upper part of which belongs to the Rakovski Formation [Rak]) and
the upper Namurian to lower Stephanian Balchik Group (7enchov and
Kalaksuzov, 1972; Kalaksuzov and Tenchov, 1973). The Balchik Group in
turn is divided into the Mogilishte (Mo), Vranino (Vr), Makedonka (Ma),
Velkovo (Ve), Krupen (Kr), Polyantsi (Po) and Gurkovo (Gu) Formation
(Tenchov and Kalaksuzov, 1972). The Makedonka is further subdivided
into lower and upper members (known as MaB and MaC, respectively).
The Gurkovo formation is divided into Topola (lower, Gut), Briyastovo
(middle, Gub) and Kabalak (upper, Guk) members (Nikolov et al. 1989).

Description of Gurkovo Formation

The Gurkovo Formation is divided into Topola (lower, Gut), Briyastovo
(middle, Gub) and Kabalak (upper, Guk) members (Nikolov et al. 1989).
Topola Member

This consists of coarse-grained sandstones with frequent pebbles or thin
interbeds of small pebble conglomerates. Some pebbles are of red-coloured
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siltstones. Between one and four interbeds of claystones with associated thin
coal seams occur at various levels. Along the valley cut where the member
is thicker, sandstones with pebbles prevail in the lower levels of the member.
To the west, claystones and coals are more frequent, indicating that damming
had resulted in the formation of localized swamps and lakes. On the north
side of the valley, sandstones prevail, possibly indicating the introduction of
some clastics from the north. On the more elevated south side of the valley,
the Topola Member is thinner and consists of finer-grained sediments.

Brestovo Members

The base of this member can be up to 12 m thick. The member consists
of coals, claystones and siltstones rich in siderite concretions, and three to
four levels of sandstone, each 2—10 m thick. The delimitation from the next
member is mainly lithological, but also frequently is erosive, marked by
pebbles of claystone or coal in sandstones.

Kabalak Member

This is the topmost part of the sequence. It is easily recognized by the colour
of the sediments (bluish-greenish, green pink, rose, rarely grey) and by their
pyroclastic composition: many of the sandstones, siltstones and claystones
are tuffaceous, as well as there being fully developed tuffstones. The more
complete sequences are preserved is a graben in the central part of the
coalfield, formed prior to the deposition of the Jurassic cover (7enchov, 2007).

Results

Twelve plant species have been identified in the flora from Gurkovo
Formation (/ig. 2). Representatives of the major taxa are illustrated in
Plate 1 and Plate 2; some taxa were represented by specimens that
were ‘non-photogenic’ and, therefore, have not been illustrated. Three
elements of the flora occurred in a majority of the 14 samples: Neuropteris
rarinervis, Neuropteris ovata and Neuropteris scheuchzeri. The pecopterid
Lobatopteris vestita occurred in one of the samples.

Discussion

The definition of the base of the Westphalian D remains (Laveine, 1977;
Cleal, 1984, 1997) applies only to continental beds. The traditional limit,
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Fig. 2. Biostratigraphical distribution of fossil megaflora of the Gurkovo Formation

based on the first occurrence of Neuropteris ovata as originally defined in
the limnic basin. Cleal (1984), for instance, suggested to use the base of
the acme of the “group of species allied to Neuropteris ovata”. The use of
plant macrofossils to characterise the base of the Westphalian D is subject
to caution. The criteria presence/absence is of course poorly reliable when
applied to a very small number of data. Furthermore the plant macrofossils
are obviously strongly linked to their ecological habitats in the continental
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environment. The chances of preservation are highly variable and depend
on factors such as groundwater level in the floodplain and shifting
drainage patterns. Plant macrofossils have been used in stratigraphical
studies and recurrence of macroflora associations (Dusar & Houlleberghs,
1981). Paproth et al. (1983) distinguished a megafloral assemblage zone
in the Westphalian, composed of Linopteris subbrongniarti, Neuropteris
rarinervis, N. scheuchzeri, Sphenophyllum emarginatum, Annularia
sphenophylloides and characterised the basal strata of the Westphalian D
by an assemblage zone, composed of Neuropteris ovata, Annularia spheno-
phylloides and A. pseudostellata. Peculiar plant associations, such as the
Eusphenopteris striata or Annularia sphenophylloides bands, observed
above the first occurrence of N. ovata, can be used for local bed-to-bed
correlation, in a similar way as faunal bands, coal seam properties or
features of facies transition, best derived from geophysical well logs.

The indication for Upper Westphalian D are based on a very small number
of macroplant specimens: Lobatopteris vestita and Neuropteris ovata, often
represented by single specimens. L. vestita marked Upper Westphalian D
below the Neuropteris Ovata first occurrence.

According to the palynological study, the oldest part of the sequence
of Gurkovo Formation is probably no Middle Westphalian D in age
(Dimitrova, Cleal, 2004). The base of the Gurkovo Formation is Middle/
Late Westphalian D.

The litho- and biostratigraphical data for this region have been previously
described in a number of publications. The absence of precise data
from the most upper level of Gurkovo Formation is subject of further
discussions about the boundary between Westphalian D and Cantabrian
stages (Stephanian Age) in regional aspects.

Conclusions

The changes in the megaflora indicate the end of the Westphalian Age and
the beginning of the Stephanian Age. There then follows another change
in sediments with some breaks (including coarse sandstones with pebbles),
which indicate strong activation of volcanicity. The megaflora (with many
Neuropteris ovata and Linopteris brongniarti) and microflora indicate
drying and this is also supported by the presence of quartz lenses in the coals.
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Plate 1. 1. Lobatopteris vestita, 2. Sphenophyllum cf. saarense, Annularia
sphenophylloides, 3. Alethopteris densinervosa; 4. Sphenophyllum emarginatun.



Plate 2. 1. Neuropteris rarinervis; 2. Neuropteris ovata, Neuropteris scheuchzeri;
3. Linopteris neuropteroides, 4. Neuropteris ovata; 5. Neuropteris ovata,
6. Neuropteris ovata, Neuropteris scheuchzeri.
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®OCHUJIHA ®JIOPA OT 'YPKOBCKATA CBUTA,
TOBPY/UKAHCKHU BLIVIMIIIEH BACEHH
(CEBEPOU3TOYHA BbJITAPUS)

Crosin Beprues

Peszome

J100pyKaHCKUAT BBHIVIMILEH OaceiiH € 4acT OT TPONUYECKUTE TOpH
rnpe3 KbCHUsl KapOOH. B HacTosliara cratust € onucaHa Meraduopara, Ha-
MEpeHa B Hal-MJIQAUTE CEIMMEHTH, ChCTaBlsiBallM ['ypKoBCKaTa CBHUTA.
Pasrnenana e crparurpadusita U € HarpaBeHO ONMUCAHUE HA TPUTE YJICHA
Ha ceutara (Tonona, bpecroBo u Kabanax). Ha 6a3zara Ha ananui3 Ha mera-
¢nopara e nepuHupana rpanuiiara Becrdan/credan. 3abensizpa ce pszka
MpOMsiHA HAa BUJOBUS ChCTaB. M300MIMETO HA TUKO(PUTOBUTE PACTEHUS €
OT 3Ha4YeHUE 32 (POPMHPAHETO HA BHIVIMIIHHUTE TUIACTOBE. YCIIOBHSATA HA
o0WTaBaHEe Ha Ta3W IPyra PaCTeHUsl CE€ MPOMEHSAT PSA3KO MOPAIM HACTh-
MUJIOTO 3acyliaBaHe. ToBa 1aBa Hauas0 Ha eKCIaH3usATa Ha KOPAAUTOBUTE
pacTeHMsL.
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