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Abstract The paper deals with Pennsylvanian species of Articulatae established in the Dobrudzha coalfield, Bulgaria.
It focuses on the distribution of species in the sequence. The habitat and influence of climatic changes are discussed.
The drop of CO2 concentration and temperature does not influence the species distribution in the coalfield.
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INTRODUCTION

The Dobrudzha Coalfield, Northeast Bulgaria (Fig. 1) is
covered with at least 1400 m of Mesozoic and partly with
Permian sediments. The coalfield is formed in a graben
extended of about 550 sg. km (Tenchov, 2005). There
were more than 104 drillings with full core extractions
from the central part of the Coalfield and the megaflora
was collected from 90 of them. The lithostratigrafic
division was introduced by Koulakssuzov & Tenchov
(1973) and Tenchov & Koulakssuzov (1972) and with
updates, it is still in use. The sediments were studied in
different aspects and published (Nikolov 1988). Lower
and Upper Carboniferous plant remains were found in the
drilling cores. Articulatae and Lycophyta were published
by Tenchov (1987).

The samples collected later provide a few more taxa. The
frequency of collected samples depends on the length of
sampled core (Table 1). The Polyantsi and Gurkovo
formations have a restricted distribution and therefore
provide only a small part of the samples of the megaflora.
Therefore the present study deals only with the
Pennsylvanian flora. As “level” is regarded one meter of
core from a drill at determined depth, which are collected
fossils.

In May 2001 both authors re-examined both the
previously figured specimens and additional specimens at
the Geological Institute, Sofia. We agree on the published
determinations. Since 2012 about 3000 specimens
(including published and those being studied for
publication) from Dobrudzha drills and from North-West
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Fig. 1 Location of Dobrudzha Coalfield and some drillings in Bulgaria.
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Table 1. Samples collected.

Drills Drills Drills no | #fossils | Core m | Levels m for

Formation with samples with 1 level
fossils fossils

Kabalak member Gurkovov F 25 15 5 275 2766 84 24
Brestovov member Gurkovo F. 42 31 11 1312 3014 232 10
Topola member Gurkovov F. 53 29 24 388 3840 79 27
Polyantsi Formation 44 7 37 29 3563 22 21
Krupen Formsation 48 38 10 527 3419 108 27
Velkovo Formation 56 3 53 20 3922 10 392
Makedonka F. over 780 m 48 41 7 419 2062 121 17
Makedonka F. 670 —780 m 50 46 4 2057 5620 528 11
Makedonka F. bellow 670 m 60 58 2 959 3294 214 15
Vranino F. 51 12 39 28 2007 12 41
Mogilishte F. 75 72 3 5293 17824 928 19
Rakovski F. 27 15 12 409 5260 83 50
Total: 104 90 14 11716 56591 2231 24

Bulgaria outcrops are stored at the Museum for Geology
and Paleontology of the Faculty of Mining, Geological
University “Sveti Ivan Rilski” Sofia, in the campus.
About 2000 samples are in the Geological Institute and
small representative collections of Dobrudzha flora are at
the National Museum of Wales, Cardiff, UK; the
Cordoba Botany Museum, Spain; the Bulgarian museums
at Varna and Vratsa (including samples of Stephanian
flora). About 3000 specimens with undeterminable plant
parts or determined to a genus, or small fragments of
species from the same level in a drill are canceled. There
are about 5000 specimens still waiting for place to be
deposited.

The study of the Dobrudzha Carboniferous flora
established representatives of Sphenophyllum, Annularia,
Asterophyllites, Calamites and organs. In the distribution
(Fig. 2) rarely found taxa with 1 to 3 specimen mainly
reproductive organs, roots as well as Calamariophyllum
are not included.

Distribution of Articulatae in the Dobrudzha Coalfield
and climate Sphenopsids have a clonally growth in the
form of extensive, below ground, rhizome systems from
which arise adventitious roots and upright axes or shoots
with monopodial branching such as in Sphenophyllum.
The early species of Sphenophyllum trichomatosum, S.
saxifragifolium, S. cuneifolium do not indicate CO;
dependence. For Sphenophyllum saxifragifolium is
supposed to exist in water milieu and S. cuneifolium on
dry land. Dobrudzha data do not support such
interpretation, as far the first is not bound to lake and
flood plain milieu. Sphenophyllum trichomatosum is
more frequent found in sandy sediments; S.
zwickawiense, S. saarense and S. saxonicum are
connected with swamp sediments, being found in alluvial
sediments and roof shales in swamps and floating
swamps where they frequent co-exist with Alethopteris.
Batenburg (1981, 1982) suggested that the
Sphenophyllums are scrambling understory plants in
which some of the leaves (or entire leafy branches) were
modified for attachment. It has also been suggested that
Sphenophyllum was a hydrophyte (or hygrophyte) in
which portions of the vegetative plant body were
permanently or temporarily submerged in water. The
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Dobrudzha representatives are related to an alluvial plane
(Mogilishte and Gurkovo Formations) and to swamps
(Makedonka, Krupen and Gurkovo Formations) as bush-
like plants together with Mariopteris and Alethopteris. If
some species is established as a scrambler, that does not
mean that all of them are such plants. Also if in some
place they are established as understory plants it does not
exclude them from the alluvial plain non-forest cover as
is now established in Dobrudzha. Also, if they are found
in flood plain sediments it does not mean they are
necessarily hydrophytes, but could exist in temporary
water covered areas.

Calamites

The classification of Calamites stems is historically
complicated. The first use of the generic name Calamites
was undertaken by Suckow in 1784, and this was
illegitimate. Cleal et al. (2012) discussed the problem
showing that the listing of Calamites as a Nomina
generica conservanda in the ICBN since the Stockholm
Code following an original proposal by Schopf is
erroneous in  mistakenly attributing Calamites to
Brongniart (1828). It should have been attributed to
Brongniart (1822) as it fulfils all of the requirements for
valid publication in Art. 32 of the Vienna Code. Cleal et
al. (2012) also suggested that Calamites suckowii should
continue to be the conserved type.

Calamites stems are constructed of alternate and passing
ribs and the branch scars organized in four different
manners and dsitributions. Gothan (1959) introduced four
subgenera, namely Stylocalamites Weiss, Diplocalamites
Gothan, Crucicalamites Gothan and Calamitina Weiss to
take account of these differences. Tenchov (1987) used
them as genus names.

Calamites are closely related to fluvial sediments, but
also to swamps and floating swamps. The Calamites
distribution (Fig. 2) does not detect influences from any
of these factors, and therefore they are considered as
being not influenced by the deferring Dobrudzha climatic
conditions. The low presence of Calamites in the
Gurkovo Formation results from the small number of
drillings and sampled drillings. The change in Annularia
and Asterophyllites composition (Fig. 2) indicates that
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Fig. 2 Distribution of the frequent Articulatae art in Dobrudzha Coalfield. Formation names abbreviation: Rak —
Rakovski; Mo — Mogilishte; Vr — Vranino; MaB, MaC — Makedonka; Ve — Velkovo; Po — Polyantsi; Gut, Gub, Gut —
Gurkovo. Mz — Mesozoic.
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Calamites cistii and C. undulatus co-existed with
different sets of Annularia and Asterophyllites in their
lower and upper distribution. That may indicate different
species of Calamites.

Annularia, Asterophyllites

Annularia gallioides is well distributed in swamp
sediments. The species of Annularia in the upper part of
the sequence (A. stellata, A. carinata, and A.
sphenophylloides) support the drying period 5, they exit
later in the Stephanian under drier and hot conditions.
The Asterophyllites are more frequent in all drying
phases. That maybe indicates adjustment of that genus to
dryer and colder conditions as it was recorded in the
Svoge Basin (Tenchov, 2011).

CLIMATIC DATA

The temperature and the CO; changes are estimated by
Frakes (1979) for the entire world. The drop in CO- and
temperature is given as an ‘even processes but probably it
is not correct. It is related with the considerable amount
of deposited coals (Zhelesnova, 1989) up to the end of the
Bolsovian and then the following reduction of coal
deposition. However, there are no figures for the change
in that reduction. The influences on the floral
composition of Svoge and Dobrudzha coalfields through
temperature reduction were outlined by Tenchov (1976,
2011). The carbon dioxide concentration and temperature
drop to a minimum at about coal seam m9 in Makedonka
Formation is based on change in Lycophyta composition
(text in preparation).

Rainfall quantitative amount is suggested based on the
amount of sandstones irrespectively of fluvial deposits in
the sequence.

Drying of the air is presented as events 1 to 6 which is
delimited on the basis of reticulation in pteridosperm
leaves; the change in size of their leaves, denticulation
and denser veining. The changes of species composition
also frequent happen about the beginning of that phases.
The coincidence in such changes in different plants in the
same interval indicates a synchronism in such changes
and for common reasons. It is reflected by a rusty-red
interlayer in the Vranino Formation, by drying cracks and
pink quarts interlayer in the coals in Gurkovo Formation
and by the pinkie quarts pebbles in the upper part of that
formation. The erosive boundaries at the base of Vranino,
Velkovo and Gurkovo — Topola member reflects the
break of the dam at the northern boundary of the
Dobrudzha Depression after a long period without fluvial
sediments. Most probably, that is contemporaneous to the
activation of movements of the western fault, such as the
existence of a river that drained the lake (Tenchov 1993,
Fig. 7) and the south Seltse fault.

CONCLUSIONS

The Articulatae plants have a large distribution in the
Variscan realm from Northern Africa to northern front of
Variscan foredeep in England, Germany, Poland and
Russia. In the Dobrudzha Coalfield are deposited alluvial
and swamp sediments of Mogilishte, Makedonka,
Krupen, Polyantsi and Gurkovo formations. The
6

sediments of the Velkovo and Vranino formations are
alluvial. The sediment accumulation was rapid, resulting
in an excess of sediments (the sink in the depression was
slower than that the sediment accumulation), therefore
not giving the conditions for the development of
vegetation. The equal composition of fossils bellow and
above those two formations indicates a short time of
erosion and following sedimentation. The drop of CO;
concentration and temperature appears not to influence
the species distribution of Articulatae.
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