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Abstract: This paper presents, for the first time, an overall Late Paleozoic
y filled with continental molasse sediments that were deposited, in

the various Romanian coalfields. The coalfields are mostl

phytostratigraphic scheme correlating between

some basins, as early as Lower Westphalian B. The sedimentation is broken in all basins during Stephanian A (lower) due to
the Asturian phase of orogeny. Differences in paleotopography and paleogeography among the various coalfields led to the

development of specific climatic and edaphic conditions which caused the deve

The Late Paleozoic coalfields belong to the Variscan Region

lopment of interbasinal floristic differentiation.
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1. Introduction and geological setting

The present day Carpathians Mountains were formed
during the Alpine orogeny, but they include elements of Late
Paleozoic Hercynian mountains containing Late
Carboniferous and Permian coal-bearing, plant mega-fossil
rich molasse deposits. During the Heroynian orogeny, three
extensive tectono-sedimentary domains were formed, the
Supragetic Domain, the Getic Domain (I in Fig. 1), and the
Danubian Domain (II in Fig. 1).
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Fig. 1 - Late Paleozoic plant-megafossils locations
of the Southern Carpathians.

These are separated from one another by major faults,
The Hercynian molasse was deposited in a series of half
grabens that developed within each of these domains. Visarion
etal. (1981) suggest that a foredeep developed in front of the
rising Hercynian mountain chain. The foredeep basin
extended along the outer border of the Danubian Domain
following the Hercynian deformational front. The foredeep
ended to the south against the Moesian Platform (Fig. 4).

The Hercynian molasse in the Supragetic Domain
consists of coarse clastics that do not contain coal or plant
megafossils (Brebu area). In the Getic and Danubian
Domains, the molasse sediments are preserved in half graben

basins and consists of coarse clastics, shales, and coal (Fig.
2). Strata containing plant fossils of the same age occur on
the border between the external Danubian Domain (IV in Fig.
4) and the Variscan (=Hercynian) foredeep. On the Moesian
Platform, molasse deposits in the Alexandria Depression east
of the Jiu River contain carbonaceous shales, thin coal beds,
and some plant remains (Paraschiv, 1979).

2. Stratigraphic occurrences of plant adpressions

This paper represents the first attempt to correlate
between the Upper Carboniferous coal deposits of the Getic
and Danubian Domains with the plant biostratigraphic scale
of the Euramerica Palacokingdom (Europe included)
introduced by Cleal (1991).

2.1 Lithostratigraphic and Paleoenvironmental
Interpretation

The main sediments in all Carboniferous basins are
molasse deposits (Contescu, 1961) except in the Lupac Basin
wehere in tha lower parttectonicbreccia is related to a tectonic
nappe. In Lupac, the Lupac Formation (Dragastan, Popa &
Ciupercianu) has a combined type section in the Lupac,
Doman and Aria valleys. The section begins with 300 m of
brecoiated rocks of the Doman Member (Nistiiseanu, Stanoiu,
Bitoianu, 1973) that may be of tectonic origin. In the other
basins, conglomerates and sandstones always unconformably
overlie the crystalline basement. The generalized stratigraphic
section characteristic of all the basins is as follows: a basal
detrital formation consisting of conglomerates and breccias
formed as alluvial fans in a semiarid environment during
Westphalian A/B overlain by finer grained fluvio- channeling,
marshy - lacustrine sediments: conglomerate, sandstone,
blackshale and coals, which began accumulating during Upper
Westphalian B and continued until the end of Westphalian D.
This corresponds to the Lupacu Bétrin Member (Niistiseanu
etal,, 1979). The boundary between the Westphalian and the
Stephanian corresponds to a disconformity identified in all
coalfields (Fig. 2). The same marshy sedimentation persisted
during the Stephanian, except Stephanian A (lower part) which
is missing. The sediments formed by sandy clay and
sphaerosiderites of the Lupac Member (Nistiseanu et al,
1973) indicated the development of a seasonal climate
characterized by the occurrence of short dry seasons.

The sediment thickness and the total number of coal
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beds differs among the fields. In Lupac 900-1000 m of Upper
Carboniferous sediments, 4 Westphalian and 6 Stephanian
coal beds are preserved; in Secu there are 450-500 m of
sedimens, 2 Westphalian and 2 Stephanian coal beds; in
Dragosela there are 500-700 m of sedimens 2 Westphalian
and 2 Stephanian coal beds; in Baia Noud there are 250-400
m of sedimens and 2 Westphalian coal beds; in Cucuiova
there are 500-700 m of sedimens and 2 Westphalian coal
beds; in Vaidei there are 50-300 m of sediment and no coal
beds, Differences in sediment thickness appear to be related
to differences in subsidence and accumulation rates between
the fields. The coal beds have not been correlated between
the fields,

Permian sediments unconformably overlie
Stephaniun in all the fields except Lupac. There Antonescu
(1980) demonstrated a continuous sedimentation across the
Permo-Carboniferous boundary based on palynological
analysis. Compared to Lupac, the reduced number of
Stephanian coal beds in the other fields is probably the result
of erosion of the Stephanian sediments during Asturian phase.
The Permian do not appear at the beginning with the presence
of Autunia conferta as was considered before (Raileanu, 1952;
Nistiseanu et al,,1973, 1981).

The Regita coalfield, consisting of the Lupac and
Secu coalfields, occurs in the Getic Domain. Both coalfields
have an identical lithostratigraphy. The Lupac Formation
(Dragastan et al.) corresponds to the Late Carboniferous. It
is divided into a lower member, the Doman Beds, which are
breccias, a middle member, the Lupacu Bitrin Beds, which
consist of conglomerate, argillaceous sandstone and coal, and
an upper member, the Lupac Beds, which consist of
argillaceous sandstone, black clay with sphaerosiderites, and
‘coal layers. In the Seou basin, the overlaying Secu Formation
(Dragastan, Popa & Ciupercianu) (type section in the Secu
area) is divided into a lower member consisting of
conglomerates with clay and coal layers Westphalian B upper,
C, D, and an upper member containing microconglomerates,
argillaceous sandstones, and coal layers (Stephanian A, upper,
B, O).

The Danubian Domain contains two coalfields and
several basins. The Sirinia coalfield includes the western
Dragosela, Berzasca, and Camenita basins and the eastern
Baia Noui and Cucuiova basins, The western fields contain
one Carboniferous formation, the Dragosela Formation,
Dragastan, Popa & Ciupercianu (Type section on the
Dragosela Valley), which is divided into 3 members, The
lower member is made up of conglomerates with interbedded
sandstones, the middle member of argillaceous sandstone,
coal, and occasional beds of microconglomerate (Westphalian
B upper C, D) and the upper member of sandstone,
argillaceous sandstone, coaly shale, coal, and volcano-
sedimentary beds (Stephanian A upper, B, C). The eastern
basins have a different stratigraphy. The Baia Noui and
Cucuiova basing contain an argillaceous sequence
interbedded with coal and volcano-sedimentary rocks,
Stinoiu and Stan (1986) named these beds the Cucuiova
Formation and interpreted them to be of fluvio-lacustrine
origin,

The Lower Danubian coalfield contains the Vaidei
basin. The sediments within the field have been named the

Vaidei Formation Dragastan and occur as erosional remnants
at Vaidei, Schela (Dalma) and Rafaili. They are of Stephanian
age and consists of arkosic sandstones and shales at the base
and pyrophyllitic shales with plant adpressions and small coal
lenses at the top. Semaka (1959, 1963) was the only
investigator to identify Upper Carboniferous rocks in this area.
According to Stinoiu (1982) “the Carboniferous rocks ... form
small occurrences ... situated between the metamorphic-
granitic basement and the unconformable Liassic rocks”.

Stinoiu (1982) suggested that Carbonifer-ous age
rocks also occur in the eastern part of the Danubian Domain
(unit I1I in Fig. 4) and that at least half the Tulisa, Oslea, and
Gérbovu Formations are of Late Paleozoic age.

2.2 Biostratigraphy

Although Late Paleozoic fossil plants in the Southern
Carpathians were first mentioned by Stur in 1870, an overall
biostratigraphic correlation scheme for the Romanian
coalfields is presented here for the first time (Fig, 3). This
scheme is based on all the existing fossil plant collections
(Romanian Institute of Geology, Department of Geology and
Paleontology and in the Laboratory of Paleontology,
University of Bucharest).

The comparison of all the paleobotanical data
available from the Southern Carpathians coalfields with the
known succession of floral assemblages reported for the
European West-phalian-Stephanian interval (Cleal, 1991)
shows: -

1) The Westphalian can be divided into Upper
Westphalian B, Westphalian C, and Westphalian D in all the
basins except the three basins in the Dragosela area where
the age assignments are less precise. There are no Westphalian
sediments in the Vaidei Basin.

2) The entire Westphalian B occurs in the Baia Noud
basin. This assemblage contains the following characteristic .
species: Sphenopteris obtusiloba (and several other
sphenopterids), Mariopteris nervasa, Neuropteris tenuifolia
corresponding to the N. hollandica subbiozone (Fig.3).

3) A plant assemblage dominated by Neuropteris
gigantea, N. tenuifolia, Sphenophyllum majus and sparse
Sphenopteris obtusiloba occurs in the Upper Westphalian B,
This assemblage is found in the Lupac, Secu, Dragosela, and

* Cucuiova basins. The species Paleopteridium aff. reussi
(Discinitales) is a rare species reported for the Camenifa basin.
The assemblage is similar to the Sphenophyllum majus
subbiozone in the Cleal scheme. )

4) The Westphalian C assemblage is dominated by,
Alethopteris serli, Neuropteris semireticulata, the Pecopteris:
plumosa-dentata group and Paripteris aff linguaefolia, in the
Lupac, Secu, Dragosela, Baia Noud,, and Cucuiova basins.

5) Neuropteris ovata Linopteris neuropleroides,
Lobatopteris micromiltoni and Dicksonites plueckeneti are
characteristic of Westphalian D in the Lupac, Baia Noud and
Cucuiova basins.

6) The Westphalian/Stephanian boundary in the
Lupac, Secu, Dragosela, Cucuiova and Vaidei basins is
marked by a disconformity. A Stephanian A (lower part =
Cantabrian) gap was emphasized - and corresponds to the
Asturian phase of orogeny. In all coalfields the scarcity of
Odontopteris plant-remains is conspicuous, The appearance
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Fig. 3 — Plant biostratigraphy for the Eurameria palaeokingdom based on the adpression distribution in
the Europﬁan area (after Cleal, 1991), and biozones and sub-biozones in the Late Palcozoic deposits of
the Southern Carpathians (Romania).
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of Lobatopteris lamuriana is Baruellian in age. In the Baia
Noui basin this species is absent, but the Pecopteris unita -
P longifolia assemblage allows the assignment of the highest
sediments in the basin to the Stephanian A (Upper).

7) The Lupac basin contains the only complete
Stephanian section. The Stephanian B in the Lupac basin is
characterized by Alethopteris zeilleri Nemejcopteris
feminaeformis and Pecopteris arborescens while the
Stephanian C sequence is characterized by a floral assemblage
dominated by more than 40 percent Pecopteris arborescens
and Sphenophyllum angustifolium.

8) The Stephanian B-C undivided from Secu,
Dragosela, and Cucuiova basins is marked by a floral
assemblage dominated by Pecopteris arborescens. The
uppermost part of the section is incomplete in these basins
and the boundary with the Permian is unconformable.

In the highest part of the section in the Secu basin,
medullosan seeds like Pachytesta and Trigonocarpus (in
organic connection with Noeggerathia group taxa like
Plagiozamites cf._acicularis) and cordaitean seeds like
Mitrospermum are common, but are significantly reduced in
size as compared to the sizes of the same taxa found in older
beds. Reduced seed size in this group of plants is also reported
for higher beds in the Sirinia coalfield. In all these fields,
Cordaites leaves are observed to become smaller near the
top of the section. The reduced size of seeds and leaves on
plants growing in the Carpathian area toward the end of the
Carboniferous is interpreted as a proof of the changing
climatic conditions. The ever-wet equatorial regime of the
Westphalian and Stephanian was replaced by a more seasonal
climatic regime having a distinct dry period that adversely
affected plant growth.

9) The Carpathian Westphalian floral assemblages
are similar to the assemblages in Bohemia, Serbia, and Stara
Planina (Pantic, 1963), Donetz (Vachrameev et al., 1970),
Ruhr, Aachen, and northern Pas de Calais (Josten and Laveine,
1984), and Nova Scotia (Bell, 1944, in Pfefferkorn and
Gillespie, 1980).

10) Stephanian floral assemblages in the Carpathians
can be correlated with assemblages reported for the Central
Massif, the Bohemian basin, and the Donetz basin.

11) Tree ferns begin to dominate Southern Carpathian
floras during Uppermost Westphalian D and continue to
dominate these floras throughout the Stephanian (Dragastan
etal., 1980). This dominance pattern is identical to the pattern
reported by Pfefferkorn and Thompson (1982) from other
parts of the Euramerian Realm,

3. Paleoecology of the floras

The Southern Carpathian Hercynian molasse deposits
accumulated in several depositional settings: upland half
grabens (Resita), half graben foothills (Sirinia), and coastal/
deltaic environments (Lower Danubian), The various
Carpathian coalfields formed at different altitudes, and had
different basin topographies. Consequently, the evolution of
floral communities and distributions differ among the Getic
and Danubian domains by the participation of
Pteridospermopsida (Fig. 5).
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Fig. 5 — Quantitative representations of Late
Paleozoic major plant groups in the Getic and
Danubian domains, the Southern Carpathians.

3.1 Upland half graben environments

The Resita coalfield within the Getic Domain
contains two basins, each with its own distinctive floristic
and sedimentary history. The Lupac and Secu basins were
situated in an upland area within the Hercynian chain. Though
there is only a short distance between these basins, at the
time of their formation, they were separated by “high” ridges.
These “high” ridges impacted the topography and rainfall
regime differently in each basin which, in turn, caused
vegetational differences between the two basins.

In the Lupac basin, alluvial fan breccias and
conglomerates began to accumulate along its western,
northern, and eastern borders during Westphalian A and early
Westphalian B. Floras were not preserved in these sediments.
From Upper Westphalian B to Stephanian C, the central part
of the basin accumulated floodplain and swamp fluvio -
lacustrine sediments, including abundant plant megafossils
(Annularia stellata, A. sphenophylloides, Asterophyllites
equisetiformis, Sphenophyllum emarginatum, S. majus, S.
oblongifolium, Neuropteris tenuifolia, N. gigantea,
Alethopteris serli, Lobatopteris, Dicksonites, Linopteris
neuropteroides and various Calamites species. Lepidodendron
and Sigillaria were not present, suggesting that the hydrologic
regime and altitude were not favourable for ,high” swamp
lycopods. Annularia, Sphenophyllum angustifolium,
Pecopteris, Alethopteris zeilleri and Lobatopteris tenuinervis
became increasingly common through the Stephanian. The
reduction in the size of medullosan seeds, and an increase in
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the abundance of Cordaites toward the end of the
Carboniferous are interpreted to be a manifestation of
increasingly dry climates.

The Westphalian floras in the Secu basin are similar
to the floras in the Lupac basin but Lepidodendron taxa (L.
acutum and L. aculeatum) were abundant. The presence of
Lepidodendron in this basin indicates a significantly different
hydrologic regime here as compared to Lupac. During the
Stephanian strata are characterized by a decline in the
abundance of sphenopsids and an increase in the abundance
of tree ferns. Increasing dryness during the late Stephanian
is indicated by floral changes parallel to those in the Lupac
basin. Also, Plagiozamites first appears in the Secu basin
during the Upper Stephanian.

3.2 Foothills-half graben environments

The Sirinia coalfield in the Danubian Domain is
made up of two clusters of basins separated by a median
ridge. The Camenita, Berzasca, and Dragosela basins are on
the western side of the ridge; the Baia Noud and Cucuiova
basins are its eastern side,

The floras found in all five of these basins are similar.
However, in contrast to the flords in the Getic Domain,
Westphalian floras in the Danubian Domain are dominated
by the lycopods Sigillaria (S tessellata and S, polyploca)
and Lepidodendron (L. obovatum, L. acutum and L, ophiurus).
The ocourrence of these lycopod taxa is indicative of wet
swamp environments and a climatic regime that could
maintain these swamp conditions.

Other abundant taxa in the Westphalian B and C
floras include Sphenopteris (S. obtusiloba, S, spiniformis, S.
crepini and S, herbacea), Alloiopteris coralloides Mariopteris
Neuropteris and Alethopteris (A. serli), These taxa are

indicative of prevailing mesophyllous conditions. The

occurrence of Noeggerathia at Povalina in the Cucuiova
Formation (Westphalian C) and Paleopteridium aff, reussi
at Camenita in the Dragosela Formation (Upper Westphalian
B) indicates that extrabasinal taxa vegetating the surrounding
highlands were sometimes transported into and preserved
within the coalfield. -
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Fig. 1 — Sphenophyllum majus (BRONN) BRONN, P140/C2/E23/F1 (Pointno. 140, from Popa field notebook no.
2, sample no. 23, fragment no. 1), Secu mine, barren gangue dump, Popa & Ciupercianu collection.

Figure 2: Paleostachya cf. elongata PRESL P140/C2/E94/F1, 2 and Asterophyllites sp., P140/C2/E94/F3, 4, Secu
mine, barren gangue dump, Popa & Ciupercianu collection.

Fig. 3.— Calamites cisti BRONGNIART, P140/C2/E5/F1, Secu mine, barren gangue dump, Secu mine, barren

gangue dump, Popa & Ciupercianu collection,

Fig. 4 — Annularia sphenophylloides (ZENKER) GUTBIER, P140/C2/E50/F1, Secu mine, barren gangue dump,

Popa & Ciupercianu collection.

Fig. 5 — Dichophyllum sp.,P140/C2/E81/F1, Secu mine, barren gangue dump, Popa & Ciupercianu collection.
Fig. 6 — Alethopteris serli BRONGNIART) GOEPPERT, P140/C2/E7/F1, Secu mine, barren gangue dump, Popa

& Ciupercianu collection.

Plate 5. 11

Fig. 1 — Odontopteris reichiana GUTBIER, Sample 2969, fragment 1, Secu mine, barren gangue dump, Eufrosin

collection.

Fig, 2 — Odontopteris reichiana GUTBIER, sample 2986, fragment 1, Secu mine, barren gangue dump, Eufrosin

collection.

Fig, 3 — Dicksonites plueckeneti )., P140/C2/64/F1, Secu mine, barren gangue dump, Popa & Ciupercianu

collection.

Fig, 4 — Cordaites sp., sample 2900, fragment 1, Lupac mine, barren gangue dump, Eufrosin collection.
Fig. 5 — Walchia pinniformis STERNBERG, sample 2973, fragment 1, Birzavifa, Eufrosin collection.
Fig. 6 — Walchia pinniformis STERNBERG, sample 0543, fragment 1, Secu mine, barren gangue dump, Eufrosin

collection.

All samples are stored within the Laboratoty of Paleontology, University of Bucharest. Scale bar: 1 cm.
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