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Microfloral biostratigraphy and vegetation change
in the late Westphalian of the Dobrudzha Basin, NE Bulgaria
T. Kh. Dimitrova
Geologicallnsitute, Bulgarian Academy of Sciences, A cad. G. Bonchev Street, Block 24, Sofia 1113, Bulgaria
(E-mail: tadi@geology.bas.bg)

TamRHa Xp. J(uMumpoea - MuKpoifjAopucmu<tecKafl
6uocmpamuzpaifjufl u U3MeHeHUfl patmumeAbHocmu e
n03oHeM eecmifjaAe (f(o6pyiJJICaHCKuu 6acceuH, CeeepoBocmo•mafl EoMapuR). B MaKe.ll.OHCKOH, KpyiTeHcKoii H
rypKOBCKOH CBHTaX Bbi.lJ.eJieHbl TpH UaJIHHOJIOrH'IeCKHe
30Hbl H ITHTb ITO.ll.b30H. fu ITpHCYTCTBHe OITpe.ll.eJieHO ITO
ITepBbiM HaxO.ll.KaM CTpaTHrpaqm'IeCKH Ba)I(HbiX (HO HHOr.ll.a - pe.ll.KHX) TaKCOHOB H ITO OTHOCHTeJibHO Bb!COKOMY
ITpou;eHTY ITpwcyTCTBHH HeKOTopbiX pO.lJ.OB H BH.lJ.OB. Bbi.lJ.eJieHbi: 30Ha Toriospora securis (sepxiDie OT.lJ.eJibi MaKe.ll.OHCKOH CBHTbi), 30Ha Vestispora /eavigata (KpyiTeHCKaH CBHTa) H 30Ha Thymospora spp. (rypKoBcKaH H OoJIHHCKaH
CBIHbi). 3oHa Thymospora spp. npe.ll.CTaBJieHa.lJ.BYMH UO.lJ.b30HaMH, pa3.ll.eJieHHbiMH ITpwcyTcTBHeM po.11.a Candidispora H BH.ll.OB Spinosporites spinosus HS. exiguus. 0TITpasHoii:
TO'IKOH ITpH aHaJIH3e IIaJIHHOJIOrH'IeCKHX .ll.aHHblX 6hlJIO
BbiHBJieHHe H3MeHeHHH B paCITpe.lJ.eJieHHH 'IeTbipex OCHOBHbiX naJIHHOMopqm'IeCKHX rpyiTIT: ciTop Triletes, ciTop
Monoletes, ITbiJibiJ;bi Monosaccates H ITbiJibiJ;bi Bisaccates.
HeCMOTPH Ha TO, 'ITO HH O.lJ.Ha H3 HHX He HBJIHeTCH ecTeCTBeHHOH rpyiTITOH, HX MO)I(HO yciTeUIHO HCIIOJib30BaTb .ll.JlH
OITHCaHHH IIO MeHbWeH Mepe HeKOTOpOH 'IaCTH 06WHpHOro Kpyra 06HTaTeJieH 60JIOT, B KOTOpbiX ITpOHCXO.lJ.HJIO yrJieo6pa30BaHHe. llpHBe.lJ.eHHOe HCCJie.lJ.OBaHHe OXBaTbiBaeT
nepHO.ll. c 6oJibCOBHaHa .11.0 paHHero secnpaJIH D (KaMeHHhie ymw MaKe.lJ.OHCKoii: H KpyneHcKoii CBHT), a TaK)I(eymH IT03.ll.Hero secnpaJIH D H paHHeKaHTa6pwiicKHe ymH s
OOJIHHCKOH H rypKOBCKOH CBHTax ,ll,o6py.lJ.)I(aHCKOro 6acceii:Ha.

Abstract. Three palynological zones and five subzones are
recognised in the Makedonka, Krupen and Gurkovo Formations. They are defined by the first appearance of stratigraph-ically important (but sometimes rare) taxa, and on the high
relative frequency of some genera and species: Torispora securis Zone (upper Makedonka Formation); Vestispora laevigata Zone (Krupen Formation); Thymospora spp. Zone
(Gurkovo and Polyantsi Formations). The Thymospora spp .
Zone includes two subzones separated by the appearance of
the genera Candidispora, and of the species Spinosporites
spinosus and S. exiguus. The initial analysis of the palynological data was based on the recognition of changes in distribution of four general morphological groups of palynomorph
(Triletes spores, Monoletes spores and Monosaccates and
Bisaccates pollen). Although none of these is in any way a
natural group, they can largely be taken to represent at least in
part the broad habitat-types within the coal swamps. The
present study was limited to Bolsovian to early Westphalian
D coals of the upper Makedonka and Krupen Formations,
Dobrudzha Coalfield; and late Westphalian D and early Cantabrian coals of the Polyantsi and Gurkovo Formations, Dobrudzha Coalfield.

Dimitrova, T. Kh. 2004. Microfloral biostratigraphy and vegetation change in the late Westphalian of
the Dobrudzha Basin, NE Bulgaria.- Geologica Bale., 34, 1-2; 21-27.
Key words: Bulgaria, Carboniferous, microflora, biostratigraphy.
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Introduction
The Dobrudzha Coal Basin is located in northeastern Bulgaria, about 30 km north of Varna and
a few km from the Black Sea coast. It covers an
area of c. 300 km 2 , although economic coal reserves have only been established over 100 km 2
(Fig. 1). Seams of humolitic coal occur in five

Fig. 1. Geographical position of the Dobrudzha Coalfield

coal formations, three of which are of late Westphalian to early Stephanian age: the Makedonka,
Krupen and Gurkovo Formations. Tenchov and
Kulaksazov ( 1972) have described the lithostratigraphy and earlier studies on dispersed pollen and spores were made by Dimitrova (1993,
1997, 1999; in Nikolov, 1988; Lacheva and Dimitrova, 1984).
Microfloristic studies, aimed at reconstructing
the genesis of the coals, were made on some 25
coal seams (m, n and p) of the Makedonka,
Krupen and Gurkovo Formations. Over 500 samples were studied from 11 boreholes (Fig. 2). The
aim was to determine the environment in which
the coals were formed, and the possible effect of
the environment on the plants that grew on the
coal-forming peat anQ. on the derived miospore
assemblages. This study has also resulted in a
more precise delineation of the Bolsovian-Westphalian D boundary, which forms part of this report.
The samples were taken from both the coal
seams and shales. Most exarniped samples from
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- coals appear to have been from the Lycospora
(sens u Smith, 1964; Balme, 1952; Lacheva
Dimitrova, 1985); those few samples from
appear to have been the Densosporites
"" have been excluded at this stage. For each
_ le. generic counts were made on 200 paly-rphs.

pore zonation
a1 nological zones and five subzones are
~02jm- sed

in the Makedonka, Krupen and GurkFonnations (Fig. 3). They are defined by the
pearance of stratigraphically important
sometimes rare) taxa, and on the high re]auency of some genera and species.

- ora securis Zone
M akedonka Formation)
o over boundary of the T. securis Zone is de- ed by the appearance of Torispora securis,

Punctatosporites granifer, Microreticulatisporites nobilis . (Wicher) Knox, Leiotriletes adnatus
Kos. and Triquitrites sculptilis (Balme) Smith
and Butterworth.
The T. securis Zone is divided into two subzones, based on the recognition of the palynological Assemblages II and III by Dimitrova (1997).
The lower subzone was identified from samples
derived from coals m 5 up to m 9 (Makedonka Formation). It is characterised by the high relative
frequency of Vestispora magna (Butt. and Wi1.)
Wils. and Venk. (8-12 per cent). The miospore
spectra reported include the following genera:
Lycospora, Densporites, Lophotriletes, Punctatisporites, Granulatisporites, Verrucosisporites,
Convolutispora, Calamospora, Crassispora, Cirratriradites, Apiculatisporites, Vestispora, Triquitrites, Torispora, Laevigatosporites, Endosporites, Florinites, Wilsonia.
The upper subzone is restricted to an interval in
the upper Makedonka Formation that includes
coal seams m 9 to m 12• The miospore assemblage
23

recorded in this subzone is broadly similar in
This zone includes two subzones introduced
composition to that of the lower subzone, but is by Dimitrova (in Nikolov et al., 1989). The
distinguished by the appearance of Vestispora fe- boundary between the two subzones is marked by
nestrata (Kos. and Brok.) Wils. and Venk. and the the appearance of the genera Candidispora, Polgenus Speciososporites, and the total absence of ymorphisporites, Spackmanites, Cadiospora,
Vestispora magna. Westphalensisporites irregu- Angulisporites, Latensina and Potonieisporites
laris Alp. and Endosporites ornatus Wils. and (sensu Bhardwaj, 1964); and of the species
Coe, and the genera Triquitrires and Leiotriletes Spinosporites spinosus and S. exiguus Ups. and
also become a little more fragment.
Hed. Other taxa restricted to the upper Subzone
are Thymospora pseudothiessenii, LaevigatVestispora laevigata Zone (Krupen Formation)
osporites perminutus, Punctatosporites oculus,
After the revision of the stratigraphical range of Speciososporites laevigatus, Columinisporites
the genus Cadiospora (with forma minima) ovalis and Lundbladispora gigantea.
(Dimitrova in Nikolov, 1988) the index species of
this zone was changed. In the Dobrudzha Coalfield, the zone occurs in coal seams n 1-n4 of the Correlations
Krupen Formation. Its lower boundary is determined by the first consistent appearance of Vestis- It is now possible to correlate the local miospore
zones of the Dobrudzha Coalfield with the palypora laevigata Wils. and Venk.
The zonal association is characterised by a pre- nozones of Western Europe (Clayton et al.,
dominance of the genus Vestispora (V. laevigata 1977), eastern Canada (Haquebard, 1972, 1997),
Wils. and Venk., V. cancellata, V. pseudoreticula- the Donetz Basin (Owens et al., 1988), Saar
ta Spode, V. tortuosa (Balme) Bhard., V. velensis (Bharadwaj, 1956, 1957) and the Amasra Basin
(Bhard.) Wils. and Venk., and V. fenestrata) asso- of Turkey (Agrali and Konyali, 1969).
ciated with many species of genera characteristic
Torispora securis Zone
of the late Westphalian, such as Westphalensisporites, Triquitrites, Acanthotriletes, Raistrickia, In most coalfields, there is no marked macrofloLeiotriletes, Crassispora, Cirratriradites, Spesi- ral biohorizon at the base of the Bolsovian Stage,
ososporites, Torispora, Laevigatosporites, Punc- and palynological evidence for the base of the
tatosporites, Florinites, Endosporites, Guthorlis- Stage has been widely confused in the literature.
Clayton et al. (1977) placed the base of their SL
porites, Wilsonia, Vesicaspora and Illinites.
Zone at the first appearance ofT. securis a 'short
Thymospora spp. Zone
distance' above the base of the Bolsovian Stage.
( Polyantsi and Gurkovo Formations)
Some authors have taken this to mean that the
The lower boundary of this zone is defined by the base of the SL Zone indicates the base of the
first regular occurrence of the genus Thymospora Bolsovian Stage. However, Smith and Butter(Th. obscura (Kos.) Wils. and Venc.). Also at this worth (1967) placed the base of their T. securis
level is the appearance of Punctatosporites ro- Zone at a rather higher level, within the interval
tundus Bhard. and the high relative frequency of of marine bands that occurs in the middle BolsTorispora laevigata Bhard., Microreticulatis- ovian Stage in Western Europe. Evidence from
porites concavus Butt. and Will., and Laevigat- the Ruhr (Grebe, 1972) and Nord-Pas-de-Calais
osporites minor Loose. The palynology of the (Loboziak, 1974) indicates that, whilst T. securPolyantsi and lowermost Gurkovo Formations is is does rarely range down in to the lower Bolsopoor and at present the biostratigraphical position vian Stage, it shows a marked increased abunof these beds is problematic. The stratigraphical- dance in the middle Bolsovian. This is a far
ly lowest unequivocal evidence of this Zone oc- more marked biohorizon than the base of the SL
Zone of Clayton et al. (1977) and also coincides
curs at coal seam p3 of the Gurkovo Formation.
The miospore assemblage is dominated by mo- with marked increases in abundance of P. graninolete sporomorphs: Thymospora thissenii Wils. fer and M. nobilis, and the extinction of C. loriand Venc., Th. obscura (Kos.) Wils. and Venc., catus.
When seen in this context, the base of our T.
Th. pseudothissenii (Kos.) Wils. and Venc., Speciososporites laevigatus Alp., Laevigatosporites securis Zone in Dobrudzha, at seam m5, would
perminutus Alp. and Doub., Punctatospotites appear to correlate most closely with the base of
granifer, 'P. rotundus, P oculus Smith and Butter- the T. securis Zone sensu Smith and Butterworth
worth. This increase is accompanied by a higher (1967) in the middle Bolsovian Stage, rather than
percentage of the genera Latensina and Pot- with the base of the SL Zone sensu Clayton et al.
onieisporites.
( 1977) at the base of the Bolsovian Stage.
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Vestispora laevigata Zone
The Vestispora laevigata Zone clearly correlates
with the upper SL Zone of Clayton et al. (1 977).
The base of this normally occurs near the base of
the Westphalian D Stage (compare comments by
Laveine, 1977).

that these changes occur at or very near to the level of the Westphalian - Stephanian boundary.

Thymospora spp. Zone
The base of this zone is marked by the start of the
Thymospora epibole, and thus appears to correspond to the base of the OT Zone in the scheme
of Clayton et al. (1977). This is an important biohorizon in the upper Westphalian and marks the
start of a major change in the vegetation with the
introduction of many taxa normally characterising the Stephanian. It is perhaps best documented in the Saar-Lorraine, where it occurs at Tonstein 60 in the middle Heiligenwalder Schichten.
It is also coincides with the base of the Lobatopteris vestita Zone in the macrofloras (Cleal, 1984)
The upper subzone of the Thymospora spp.
Zone in the Dobrudzha Coalfield shows a
number of similarities to Zone XII in Smith's
(1987) biozonal scheme established in the Oxfordshire Coalfield of southern Britain (see also
the proposal for a parastratotype for the base of
the Stephanian by Alpern, 1958; Alpern and Liabeuf, 1969). There are also similarities with palynological assemblages from Spain (Coquel and
Rodrigez, 1995). Cleal et al. (2003) have shown

The initial analysis of the palynological data was
based on the recognition of changes in the distribution of five general morphological groups
of palynomorph (Dimitrova et al., 2002) . Although none of these is in any way a natural
group, they can largely be taken to represent at
least in part the broad habitat-types within the
coal swamps .
I. Triletes. These are mainly spores of lycophytes, calamostachyalean equisetes, bowmanitaleans ('sphenophylls') and some ferns. However, this group may also include trilete pollen of
the parispermacean pteridosperms, which is effectively impossible to distinguish from certain
types of trilete fern spore under light microscopy.
These mainly represent the 'wetter' swamp and
lake-margin habitats .
2. Monolete spores. These consist of marattialean,-fern spores, and may be mainly taken to
represent the lowland clastic-substrate habitats,
such as levees.
3. Monosaccates. These include mainly cordaite and some conifer pollen, and represent the

4 Geologica Balcanica, 1-2/2004

General changes
in vegetation patterns
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vegetation from the drier, marginal habitats within the swamp forests.
4. Bisaccates. These include mainly conifer
and possibly some peltasperm pollen, mostly
from extra-basinal habitats. However, also
present is callistophytalean pteridosperm pollen
from the lowland vegetation.
5. Monolete preopollen. These consist mainly
of the medullosalean pollen Schopfipollenites.
As an example, Fig. 4 shows the percentage
occurrences of the five morphological groups in
each of the 10 samples investigated from Borehole 191 in the Gurkovo Formation, Dobrudzha
Coalfield. This clearly demonstrates the stratigraphical trends in the vegetation changes taking
place here in the very early Stephanian.

Palaeophytogeography
During the Late Carboniferous times, paralic
coalfields extended across Laurasia, including
the European basins such as in Britain, the Rheno-Hercynian region of Germany, Silesia and the
Donetz area. Understanding the Late Carboniferous palaeogeography of Central Europe and the
Balkan Peninsula has been hindered by a lack of
knowledge of the floras (both macro- and micro-)
and the physical-geographical environments of
the region. In the past two decades, knowledge in
both these directions has improved considerably,
thanks chiefly to research carried out on boreholes from northern Bulgaria and outcrops in
western Bulgaria. The drilling and study of the
Dobrudzha Coal Basin carried out between 1970
and 1989 suggests that this area represents a
'missing link' between the western Europe coal
basins and the Donetz Basin (Inosova et al.,
1976) in East Europe.
Three floristic provinces can be identified in
the Late Carboniferous of Europe: the Rhine
Province, Silesia Province and Donetz Province.
During in the late Westphalian, uplift around and
within the Hercynian mountain chain caused the
paralimnic basins of the Rhine area to become
smaller, whilst sedimentation almost entirely
ceased in the limnic basins of the Silesia area and
Central Bohemia (Kalibova, 1978), Saar (Vencatachala, 1961). Shortly after the end of the Westphalian, further uplift entirely interrupted the sedimentation over much of Europe; sedimentation
only continued in the paralic areas in the Donetz
and Asturian basins. Simultaneously with this
tectonic activity, the climate became drier in Europe, leading to an abrupt decrease in the species
composition in the limnic basins.
Acknowledgement. This paper is a contribution to IGCP 469
- Late Variscan terrestrial biotas and palaeoenvironments.
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