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CmaHUClla8 OnAyUimUll - JlOJoneKap6oHcKafl meKmo
HO-ceouMeHmOJ/OcU'IecKafl 380//IOlfU!l U C8f/3Gfll-/ble C /-leU 
cyxo3eMI-IbLX 6uomu<iecKux U3MeueHutl 8 Ce8epHo8apuc
uw1cKOM u AnaAa'ICKOM ifiopllaHoax u 8 coceoflux: napa
. u 'lecKux u KOHmuHeJ-tmaAbHbX 6acceilflax. C)lenaHa o6-
maH xapaKTepRcntKa neHCRJibBaHcKoro KJIRMaTa, naneo
reorpaqmw, TeKTOHW'IeCKWX npOl.leCCOB 11. 11.3MeHeHWU cy
"03eMHbiX 611.0T. 0Hii aHanl1.311.pOBaHbl Ha OCHOBaHWii MHO
fO'IWCJieHHbiX ony6nwKosaHHbiX )laHHhiX. ITpwse)leHbi TaK
-·-e .laHHbie o reoTeKTOHW'IecKoii w naneoreorpaqm'leCKOH 
C10311.!..111.11. 11. 0 TeKTOHO-Ce)lWMeHTal.IHOHHOH 3BOJIKll.II1.H OC
::OBHblX 6accei1HOB EapoaMepwKaHCKOH ymeHOCHOH npo-
31lHUWii, a TaK)I(e - )laHHble 0 xapaKTepe OTJIO)I(eHWH B 
J"T RX 6accei1Hax a KOHI.Ie secnpanH w Ha'lane cTecjlaHa. 06-
~~AUieHhi B03MO)I(Hble KOHTpOJIHpyKlW.We cjlaKTOpbl, KOTO
. hie rrpHBeJIU K 11.3MeHeHWKl paCTWTeJibHOCTW 11. K orpaHW
,cHW!{) w wc'le3HoBeHWKl yrneo6pa3yKlw.wx necoa. Cy)lH no 

.lHTepaTypHbiM )laHHblM Cpe)lU 3TiiX cjlaKTOpOB CaMblMH 
3aA\HblM11. HBJIHKlTCH rno6aJibHbie KJIWMaTW'IeCKWe 11.3Me
::!eHWH H TeKTOHH'IeCKHe npOl.leCCbl Bap11Cli11HCK0f0 OpO
:-eHe3a, B pe3yJihTaTe KOTOpblX yMeHhlliHJiaCb CKOpOCTb 
norpy)l(eHwH 11 HacTynwna RHaepCRH 6accei1HOB. Ba)I(HhiM 
9an opOM, KOTOpblH np11BeJI K naneoreorpacjlH'IeCKI1M 113-
~JcHeHI1HM, 6hiJIO o6pa3oaaH11e ITaHreH 11 cooTseTCTByKl
:uux oporpacjll1'1eCKI1x 6appbepoa, KOTOph!e oKa3aJII1 cy
. ecrseHHoe BJII1HHI1e Ha npoi.~eccbi ycKopeHI1H - pa3Me
:c:~eHI1H H Ha npOl.leCCbl KOHTUHeHTaJihHOfO )lpewcjla rrone
peK 3KBaropuaJibHhiX KJIHMaTu'leCKHX noHCOB. TaK KaK ne
p<!'ii1CJieHHhie npoueCCbl np011CXO)li1JIH O)lHOBpeMeHHO, KO
!:c'IHblW JcjlcjleKT 1iX BJIHHHHH Ha Cyx03eMHbiW 6110UeH03 HB
.1A.l CH flO BCeH BepOHTHOCTii pe3yJihTaTOM HX KOMnneKC
:=OfO B3aRMo)lei1cTBHH. B CeaepHow AMep11Ke caMhie aa)l(-
3hle KaMeHHoyronhHhie 6accei1Hhi c 6onee unH MeHee non
:=oii reonorH'IeCKOH3ani1ChKl ce)l11MeHrauuoHHhiX npouec-

s, rrpOXO)lHlll.11X '1epe3 BeCTcjlaJib-CTecjlaHCKyKl rpaHHUY 
li3.lHlOTCH: 3ana)lHhlH 11 BocTO'IHhiH MHTep11op, Anana'I
:Diii 6accei1H H 6accei1H KaHa)lcKoro no6epe)l(hH. 0HH 
::x..m HHTeprrpeT!ipOBaHbl COOTBeTCTBeHHO KaK 6acceHHbl 
:r:par oHa, cjlopnaH)la 11. KaK 6accei1H, o6ycnoaneHHhiH C)lBH
roshiMii )lBH)I(eHHHMH. B Eaporre ::ny rpaHHUY MO)I(HO 
::pocne)lHTh Ha'II1HaH c IO)I(Horo YJnhca u yronhHhiX 6ac
ceHHOB BepxHei-f Cune311.11 (CesepHhiH sapucuui-fcKui-f cjlop-

Abstract. The general characteristics of the Pennsylvanian 
climate, palaeogeography, tectonic processes and changes of 
terrestrial biotas are analysed based on an extensive set of 
published data. Data are also presented on the geotectonic 
and palaeogeographical position, as well as the tectono-sedi
mentary evolution of the main basins across the Euramerican 
coal province, and the character of the strata around the West
phalian - Stephanian boundary in these basins. Controls po
tentially responsible for floristic changes and the decline of 
the coal measures forests are discussed. Among those which 
have appeared in the literature, the most important are global 
climate change, tectonism related to the Variscan Orogeny 
resulting in a decrease of subsidence rate and onset of basin 
inversion, palaeogeographical changes related to the forma
tion of Pangea producing orographic barriers that affected pre
cipitation-distribution and continental drift through the latitu
dinal climate belts. Since all these processes operated simul
taneously, the final effect on terrestrial biotas is most probably 
the result of an interplay of all these controls. In the North 
America, the most important basins with a more or less com
plete sedimentary record across the Westphalian- Stephani
an boundary are the Western and Eastern Interior Basins, the 
Appalachian Basin and the Canadian Maritimes Basin, which 
have been interpreted as cratonic, foreland and strike-slip ba
sins respectively. In Europe, this boundary is recorded from 
the South Wales and the Upper Silesian Coal Basins in the 
North Variscan foreland and from adjacent continental basins 
(Saar-Lorraine, basins of the Bohemian Massif and South 
Carpathian area, and the Dobrudzha Basin located on the 
Moesian Platform). Different palaeogeographical and geo
tectonic positions of the basins provide an excellent platform 
for comparison of common and specific features in sedimen
tary and palaeontological records, and consequently the iden
tification of the most important controls operating in each ba
sin. Finally, it may allow us to identify the main mechanism 
responsible for the decline of tropical mires and the accompa
nying floristic changes. 
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naH.LI), qepe3 coce.[IHI1e KOHTI1HeHTaJibHbie 6acceiiHbi (Ca

apcKo-JloTap11HrCK11H, IO)KHOKapnaTCKI1e 6acceiiHhi 116ac

ceiiHbi B EoreMCKOM Macc11ae) 11 B ,[(o6py.LI)KaHcKOM 6ac

ceiiHe Ha MI1311HCKOH nnanf>OpMe. Pa3Hoo6pa311e B naneo

reorpa<f>l1'1ecKoii 11 reoTeKTOHI1'1ecKoii n0311U.1111 acex :nux 

6acceiiHOB $1BJI$1eTC$1 BeJII1KOJieTIHOH OCHOBOH .[IJUi cpaBHe

HI1$1 o6mux 11 cneu.11Q>11'1ecKHX oco6eHHOCTeii ce.[II1MeHTa

U.110HHOH 11 TiaJieOHTOJIOfl1'1eCKOH 3aiii1CI1, a TaK)Ke - .[IJI$1 

BbUIBJieHI1$1 TeX CaMb!X Ba)I(Hb!X <f>aKTOpOB, KOTOpb!e KOH

TpOJI11pOBaJII1 pa3BI1TI1e Ka)I(,[IOfO 113 6acceHHOB B l.JaCTHOC

TI1. B 11TOre :no ,[laeT HaM B03M0)KH0CTb BbUIBI1Tb OCHOB

Hb!e MeXaHI13Mbl, KOTOpble IIp11BeJII1 K CI1JlbHOMy orpaHI1-

'1eH11lO Tepp11TOp11H, 3aHHTb!X TpOIII1'1eCKI1MI1 60JIOTaMI1 11 

K COOTBeTCTBYIOIU11M H3MeHeHI1$1M paCTI1TeJibHOCTI1. 

Oplustil, S., 2004. Late Carboniferous tectono-sedimentary evolution and related terrestrial biotic 
changes on the North Variscan and Appalachian forelands, and adjacent paralic and continental ba
sins. -Geologica Bale., 34, 1-2; 51-67. 

Key words: palaeoclimatology, palaeoecology, palaeogeography, terrestrial ecosystems, Pennsylvani
an, Euramerican Floral Province. 

Introduction 

The end of the Westphalian in the Euramerican 
coal province is marked by the beginning of col
lapse of the coal measures forests , which for more 
than 10 My since the middle Namurian had dom
inated the tropical lowland areas. The end of this 
spectacular ecosystem resulted in a significant 
decrease in coal deposits, marked especially in the 
paralic basins of the north Variscan and Appala
chian forelands. The decline of this ecosystem 
was accompanied by significant floristic changes, 
the most prominent of which was the sudden de
crease of arborescent lycophytes, which had dom
inated the Namurian and Westphalian tropical 
wetlands of Euramerica (DiMichele and Phillips, 
1994), and their replacement by more adaptable 
plants of the early conifers and particularly of the 
tree ferns (Marratiales) around the Westphalian/ 
Stephanian boundary. This floristic change is gen
erally ascribed to the onset of greenhouse condi
tions, the counterpart of the icehouse climate 
which, at the end of the early Namurian, had re
sulted in Gondwana glaciation, and worldwide 
regression and the consequential rapid spreading 
of wetlands over the newly-exposed extensive 
coastal lowlands (e.g. Wagner, 1993; Pfefferkorn, 
2000). As with this icehouse period, the onset of 
greenhouse climate from the beginning of the 
Stephanian is still not fully understood, and both 
events are ascribed to various controls ranging 
from processes often related to the Variscan Oro
geny and the formation of Pangea. Despite the 
variety of opinions, it is, however, widely accept
ed that the Stephanian is characterised by the grad
ual warming which culminated in the Late Permi
an and Early Triassic (Rowley et al. , 1985) and is 
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in most areas marked by predominantly red-bed 
deposits with a scarcity or absence of organic 
matter. The greenhouse climate at the end of the 
Palaeozoic is also responsible for a general retreat 
of spore-producing plants and of amphibians re
quiring wet habitats for the successful completion 
of their life cycle, and their replacement by seed 
plants (mostly conifers) and by reptiles adaptable 
to drier conditions. 

General characteristics 
of the Pennsylvanian 

The Late Carboniferous was one of the most dy
namic periods of Earth history. The amalgama
tion of a single large super-continent, Pangaea, was 
accompanied by severe tectonic processes as well 
as mountain- and basin-formation related to the 
Variscan Orogeny. By the Late Carboniferous the 
main collisional processes were past their peak, 
but they nevertheless still significantly affected the 
tectono-sedimentary history of most basins as in
dicated by the onset of basin inversion and fold
ing of the North Variscan Foreland Basin and by 
frequent hiatuses in the sedimentary record of most 
continental basins. These processes also had a 
profound effect on base-level changes and, con
sequently, on the intensity . of drainage or water 
table fluctuation. They thus controlled the char
acter of the flora and drove the alternation of wet
ter (e.g. peat forming) or drier ecosystems related 
to poorly- or well-drained substrates. The colli
sional processes related to the Variscan Orogeny 
and Pangea formation resulted also in the raising 
of orographic barriers which affected atmospher
ic circulation and moisture distribution. Morea-



ver, northward drift of the Pangaea shifted the 
Euramerican floristic province from an equato
rial position during the Late Carboniferous to 
higher latitudes with drier climate in the Per
mian. 

Tectonic processes related to the Variscan Orog
eny also coincided with climatic changes, which 
are considered to be global in character. The first 
of them is marked by global cooling and Gond
wana glaciation in the early Namurian, whereas 
the second one started by gradual warming around 
the Westphalian- Stephanian boundary. Both had 
a profound effect on the character and distribu
tion of existing terrestrial ecosystems. 

The Variscan -Appalachian orogenesis 

The two main continents, the Old Red Continent 
(Laurentia-Baltica) to the NW and Gondwana to 
theSE, together with a number of small continen
tal plates intercalated between them (e.g. the Ar
morican Terrane Assemblage), gradually came 
together towards the end of the Early Palaeozoic, 
resulting in the single giant continent, Pangaea 
(Scotese and McKerrow, 1990). This diachronous 
and very complex process of collision and amal
gamation, known as the Variscan Orogeny in Eu-
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sis in North America, formed a large (c. 1,000 km 
wide and 8,000 km long) Himalaya-scale moun
tain system extending from the Caucasus to the 
Appalachian and Ouachita mountains in North 
America (Matte, 2001), following approximately 
the equator of the time. The main processes of 
continental collision related to the Variscan Orog
eny spanned the interval of the Early Carbonifer
ous and gradually diminished during the Late 
Carboniferous. However, in detail it consisted of 
a series of more or less local or regional process
es, called phases, lasting for several tens of thou
sand to more than one million years, as inferred 
from the estimated length of the hiatuses in the 
sedimentary record of those basins with strong 
tectonic influence. These phases might be a re
sponse to local collisions and amalgamation of 
small terranes producing their own fold belt (Mat
te, 2001). 

The Variscan mountain belt is often compared 
to Himalaya-scale mountains, both in height and 
size. Compressional processes during the Early 
Carboniferous and isostatic compensation in the 
Stephanian and Early Permian are believed to be 
responsible for the several thousand metres high 
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Fig. 1. Interpreted Pennsylvanian climatic trends for the Euramerican coal province, interpreted from floristic, palynological 
mel sedimentological records 
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Fig, 2. A, Plant composition of selected Pennsylvanian coal seams of Euramerican coal basins based on coal-ball data; B, 
Interpretation of floristic changes during the Pennsylvanian with the main extinction around the Westphalian - Stephanian 
boundary (after DiMichele and Phillips, 1994) 

mountainous topography of the Variscan fold belt. 
Altitudes proposed by various models or inferred 
from the sedimentary record vary between 4,000 
m and 5,500 m above sea level (Mattauer, 1986; 
England and Houseman, 1989; Becq-Giraudon et 
al ., 1991). It is often accepted that the a ltitude of 
the Variscan mountains gradually decreased due 
to rapid erosion of the quickly-rising orogene. As 
a result, Variscan granitoids and highly metamor
phosed rocks originating from depths of more than 
20 km were uplifted and exposed already in the 
Late Palaeozoic and served as the source-areas for 
many sedimentary basins. Thus the continental 
basins of the Bohemian Massif overlie the base
ment, which consists of Late Proterozoic and Early 
Palaeozoic folded sediments, and various crystal
line rocks penetrated by Variscan granitoids. The 
basement of the late Stephanian - Early Permian 
Blanice Graben consists of high grade crystalline 
rocks metamorphosed during the Variscan Orog
eny at depths of about 30 to 35 km (Schulmann, 
pers. com.). 

The Pennsylvanian Climate 

It is widely accepted that the Pennsylvanian was a 
period of climatic transition. The end of the Mis
sissippian and onset of the Pennsylvanian is 
marked by global cooling (beginning of icehouse 
climate) related to Gondwana glaciation (Crow-
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ell, 1978; Heckel, 1986; Veevers and Powell, 
1987). It reached its peak during the Middle Penn
sylvanian (DiMichele et al., 1 996) and declined 
in the Early Permian, being followed by a warm
ing trend (greenhouse climate) which continued 
into the Mesozoic (Fig. I). The onset of transi
tion from the icehouse to the greenhouse climate 
was characterised by drying, the first signal of 
which falls. at the end of the Westphalian and be
ginning of the Stephanian. In the sedimentary 
record, it is marked by a decrease in coal depos
its, the formation of red-beds, and floristic chang
es (Fig. 2) characterised by the transition from the 
Westphalian, lycophyte dominated assemblages to 
the Stephanian ecosystem rich in ferns and early 
seed plants (including pteridosperms, cordaites). 

In general, the Early and Middle Pennsylvani
an climate of the Euramerican coal province is 
considered to have been generally humid, rang
ing from ever wet to seasonally wet (Rowley et 
al., 1985; Calder and Gibling, 1994) which in low
lands favoured the development oflycophyte dom
inated plant ecosystems. It coincides with the 
general absence of annual growth rings (e.g. Phil
lips et al., 1 985; Falcon-Lang. 1999). Such a cli
mate persisted until the end of the Middle Penn
sylvanian, when it started to change to warmer and 
relatively drier conditions. This transition to a 
greenhouse climate is characterised by a series of 



alternating wetter to drier pulses, with each drier 
interval becoming more severe than the previous 
one, whereas wetter intervals tended to be gradu
ally shorter and less prominent. This trend be
comes first apparent around the Westphalian -
Stephanian boundary and grades dming the Steph
anian (Gastaldo et aL, 1996), and is manifested by 
the alternation of ' grey' coal-bearing and red coal
barren strata. Good examples are provided by the 
Late Palaeozoic continental basins of the Bohe
mian Massif in the Czech Republic and the Appa
lachian Basin in North America. All these basins 
are characterised by a sudden decrease in the 
number of coal seams in the lower and upper 
Stephanian, separated by a middle Stephanian 
coal-bearing episode (Rowley et al., 1985). The 
length of these climatic cycles varies around lMy. 
It is a much longer periodicity than the orbitally
driven climatic pulses known as Milankovic cy
cles, the length of which is inferred to be at the 
scale of a few tens to the low hundreds of thou
sand of years. These cycles are considered to be 
responsible for the generation of coal-bearing cy
clothems during the Namurian and Westphalian 
(e.g. Wanless and Shepard, 1936; Calder and Gib
ling, 1994; Heckel, 1995, 2002). 

Coal measures forests ; 
onset, culmination and declining 

The most characteristic feature of the Early and 
Middle Pennsylvanian tropical lowland ecosys
tems were coal measures forests, which produced 
the coal seams of the Euramerican coal belt, and 
were dominated by spore-producing plants, espe
cially by tree lycophytes which produced about 
90 - 95 % of the biomass (DiMichele and Phil
lips 1992). Their onset occmTed already by the 
end of the Early Carboniferous (Mississippian) but 
at that time were restricted to only a few basins 
(e.g. the Midland Valley in Scotland, the Upper 
Silesian Basin, the Donetz Basin) in which thick 
economical coal seams are present. However, the 
real expansion started at the beginning of the Penn
sylvanian with the onset of the icehouse climate. 
It led to the worldwide regression exposing vast 
areas of coastal lowlands, which provided suita
ble conditions for the development of wetlands. 
The wet and tropical climate favoured colonisa
tion of these habitats by extensive peat-forming 
mires which spread over the whole area of the 
Euramerican coal province until the end of the 
Namurian. At its maximum extent, these tropical 
coal measures forests covered a more or less con
tinuous area of about 4 million km 2 of Europe. 
However, together with North America and Chi
na (North and South China), the total area is esti
mated to be about 8 million km2. This terrestrial 

ecosystem dominated tropical wetlands of Eura
merica until the end of the Westphalian when it 
started to decline. By the Early Stephanian, they 
had disappeared from Scotland and most of the 
Pennine Basin, as well as from most areas of the 
North Variscan Foredeep. They persisted only in 
South Wales, Upper Silesia, Donetz and Do
brudzha and Zonguldag basins, and had but dis
appeared from here by the end of the Early Steph
anian (Barruelian). During the middle and late 
Stephanian, they survived only in the Appalachi
ans and a number of continental basins of the Var
iscan interior, including the Saar-Lorraine, Cen
tral France and Armorican Massifs, the Iberian 
Massif, the Bohemian Massif, as well as in basins 
located within the southern flank of the Variscan 
Orogene and its foreland. In these basins, infre
quent but locally very thick economical coal seams 
occur until the top of the Carboniferous or the low
ermost Autunian, when they definitely disappear 
from Euramerica. During the Permian, lycophyte
dominated tropical coal measures forests persist
ed only in North and South China (Liu 1990), far 
distant from the main Pangaea landmass and the 
tectonic processes related to the Variscan Orogeny. 

Major coal basins of the Variscan 
and Appalachian forelands 
and adjacent areas 

Tectonic processes related to various phases of the 
Variscan and Appalachian Orogenesis generated 
a number of sedimentary basins of different tecto
no-sedimentary histories, controlled mainly by the 
rate of subsidence, eustasy, sediment influx and 
climate (Fig. 3). Depending on their geotectonic 
position, these basins can be subdivided into (1) 
foreland basins (e.g. Appalachian Basin and North 
Variscan Foreland Basin); (2) cratonic basins 
(Eastern Interior, Pennine, Campine, Southern 
North Sea and Lublin Basins) and (3) fault-relat
ed (strike-slip or extensional) basins. Within each 
group, different mechanisms controlled basin sub
sidence and consequently thickness and charac
ter of sedimentary record. Here, only those ba
sins with a sedimentary record of the Upper West
phalian and Lower Stephanian strata are discussed. 

Foreland basins 

These basins form in a compression regime of 
collision zones along the plate margins by tecton
ic load of one plate over the other. Subsidence is 
produced by down-flexure of the lithosphere due 
to tectonics, and latter also by sediment load, gen
erating accommodation space for thick sedimen
tary sequences. Sediments of these basins are in-
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Paleogeographic map 
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0 1000 km 

D Continental environment predominates, occasional marine incursions {paralic basins) 

• Continental environment of intermontane basins 
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~ Orogenetic ben (including small pre-Variscan terranes). 
~ ma1nly high relief 
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-+- Folds axis 
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Fig. 3. Palaeogeographical map of Euramerica at the end of the Westphalian. Based on Ziegler (1990), modified by data of 
Calder (1998), Pesek et al. (1998), etc. Basins or coalfields: W - Western Interior; I - Illinois; A - Appalachian; BW- Black 
Warrior; At- Anthracite Coalfield; Ma- Maritimes Basin; Sy- Sydney Coalfield; MY - Midland Valley; Pe- Pennines; SW 
- South Wales; N-P -Pas-de-Calais, Nord and Namur Coalfields; Cp- Campine; R - Ruhr; Lu - Lublin; Dz - Donetz Basin; 
AM- continental basins of Armorican Massif; S-L- Saar-Lorraine; CWB-central and western Bohemia; IB- Intra Sudetic 
Basin; US - Upper Silesia; SC - South Carpathian basins; Sv- Svoge Basin; D- Dobrudzha Coalfield 

tensively folded and thrusted due to tectonic com
pression. Consequently, coals of these basins are 
usually highly coalified with intensity decreasing 
away from deformation front. Stratigraphy in these 
basins is controlled by tectonics, sedimentary in
flux and by eustasy. However, eustatically con
trolled cyclothems are usually overprinted by 
stronger tectonic influence. Thus, within a single 
eustatic event local tectonic activity can cause the 
appearance of several apparent 'cycles' (Drum
mond and Wilkinson, 1993). Consequently, strati
graphic sequences of foreland basins are not sim
ply correlatable with those in cratonic basins, 
where most accommodation space is produced by 
thermal subsidence. Very good examples are pro
vided by the clastic cyclothems of the Appalachi
an Basin in comparison with the mixed carbonate 
- clastic cyclothems of the Western and Eastern 
Interior Basins. 

In the area being considered in this paper, there 
are two foreland basins: the Appalachian and the 
North Variscan Foreland Basin. 

Appalachian Foreland Basin. This formed 
along the northern foreland of the Appalachian 
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mountains, following the collision zone between 
Laurentia and the African margin of Gondwana. 
A formerly continuous sedimentary area is now 
divided by subsequent erosion and tectonics into 
several isolated parts, the largest of which is the 
Appalachian Basin with its southern protrusion, 
the Black Warrior Basin, and the Anthracite Coal
field to the north-east. In these basins, Mississip
pian carbonates are overlain by thick coal-bear
ing sequence of clastic-dominated strata of Penn
sylvanian age. 

Palaeogeographically, the Appalachian basin 
communicated with epicontinental sea located 
further to the north-west on the North American 
Craton. This communication resulted in frequent, 
short-lived marine incursions. As a result, wide
spread marine bands provide an excellent tool for 
correlation over the whole basin. Some of them are 
believed to be correlatable with the major marine 
bands of the North Variscan Foreland in Western 
Europe (Blake et al., 2002). However, in the Appa
lachians, the marine incursions occur up to the level 
ofthe Conemaugh Group of'early' Stephanian age 
whereas in the North Variscan Foreland the young
est marine band is in the middle Bolsovian. 



It was believed that the Appalachian Basin pro
vides a continuous profile through the whole Penn
sylvanian. However, recently Wagner and Lyons 
( 1997) postulated a multi-million-year discon
formity in the lower part of the Conemaugh For
mation (approximately at the Middle and Upper 
Pennsylvanian boundary) between the Mahoning 
and Mason coal seams, based on disruption in flo
ri stic succession. Nevertheless, palynological 
(Peppers, 1996, 1997; Kosanke and Cecil, 1996) 
as well as invertebrate data (Heckel, 1994) do not 
support the presence of more than a minor hiatus 
at the level of Lycospora-producing lycophyte 
extinction (Blake et al. , 2002). This stratigraphic 
level also coincides with the onset of red-beds stra
ta containing only very few coal seams. A new 
increase in frequency of coal seams occurs in the 
succeeding Monongahela Formation of middle 

tephanian age, where a number of important coal 
seams (e.g. Pittsburgh, Sewickley or Waynesburg) 

cur. 

. orth Variscan Foreland Basin. This developed 
a system of peripheral foreland basins along the 

orthern margin of the Variscan Orogene, and was 
related to the collision of peri-Gondwanian ter
ranes (e.g. Armorican terrane assemblage) with 
Bal6ca (eastern part of Laurussia) on the north. 
Coal-bearing strata are predominantly of Early and 
~Iiddle Pennsylvanian age, with a few exceptions 
of Late Mississippian age (Upper Silesian Coal 
Basin). They crop out only along the southern 

argin of the basin, as further north they are mostly 
-oncealed under the thick sequences of younger 
sediments. They are arranged into a discontinu-

us belt of coalfields arranged here from west to 
cast: South Wales, Forest of Dean, Bristol - Som
e et, Oxfordshire-Berkshire, East Kent, Northern 
France (Pas-de-Calais and Nord), Namur, Aachen, 
Ruhr and the Upper Silesian Coal Basin. To the 
orth, with increasing distance from the fold belt, 
tensity of deformation and coal rank decreases. 

The North Variscan Foredeep grades northward 
ro paralic basins (e.g. Pennine, Campine, South-

crn North Sea and Lublin), which are located on 
ble basement and are thus rather of cratonic 
sition . 
Due to differences in subsidence rate or as a 

::-e ult of post-sedimentary denudation, the thick
::::ess of coal-bearing Pennsylvanian strata of the 
_ ·orth Variscan Foredeep varies strongly in indi-

- ual coalfields, between several hundreds of 
~etres (erosional thickness) to more than 4,000 

in the Upper Silesian Coal Basin. 
Sedimentary fill of the North Variscan Foreland 

3asin is characterised by considerable continuity 
-strata over a distance of several hundred kilo

~erres . Nevertheless, pronounced differences in 
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the lithological composition, stratigraphical range 
of succession, thickness, and numbers of marine 
horizons indicate that N-S striking tectonic ele
ments separated distinct areas of the foreland and 
played an essential role in the palaeogeographical 
development (Franke, 1990). Several peaks of the 
orogenic collisional movements within the Varis
can external zone (called phases or events) are 
reflected in the foreland by the northward migra
tion of depocentres. They are also marked by 
breaks in sedimentation and denudation process
es marked by erosional discordances or even weak 
angular unconformities or by changes in litholog
ical and architectonic character of sedimentary fill. 
The most important events are related to the Up
per Namurian and Upper Westphalian. 

The most economical coal seams are of the late 
Langsettian and Bolsovian age. Coal-bearing stra
ta of the Westphalian D and Cantabrian age are 
preserved/developed only locally, especially in the 
South Wales and Bristol Somerset Basins, and the 
small satellite coalfield of the Forest of Dean. A 
possible earliest Stephanian age is also inferred 
for the youngest coal seams of the Libiaz Mem
ber of the Upper Silesian Coal Basin (Cleal, pers 
com.). In other coalfields of the North Variscan 
Foredeep the youngest coal seams are probably 
of the Westphalian D age. Middle to upper Steph
anian deposits rest on Westphalian strata with ero
sional discordance. Their mostly brick-red col
our indicates either drier climate or falling base 
level resulting in development of well-drained 
alluvial plain. 

Palaeogeographically, the basin developed as an 
extensive coastal lowland in front of the Variscan 
Mountain chain, with paralic deposition from the 
Langsettian to Duckmantian and locally to the 
lower Bolsovian (South Wales). Gradual shift 
from a more marine-influenced environment in the 
Namurian- early Westphalian, to more continen
tal settings in the late Westphalian -early Steph
anian is evidenced by the decreased frequency of 
marine incursions in the younger strata. Pedolog
ical and sedimentological evidence indicate in
creased aridity towards the end of the Westphal
ian (e.g. Besly, 1988). In the late Namurian- ear
ly Westphalian, mudstone-dominated lower delta 
plain setting with large interdistributary areas sep
arated by low gradient meandering channels dom
inated most parts of the North Variscan Foreland. 
During the late Langsettian and early Duckman
tian, transition took place to more continental 
upper delta plain setting dominated by meander
ing to anastomosed rivers with broad alluvial 
plains. In the Bolsovian, a purely fluvial setting 
was established. In most places sand to gravel 
dominated braid plain developed during the Bols
ovian and persisted until the end of deposition in 
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the Westphalian D or early Stephanian, probably 
as a response to increased sediment input due to 
proximity of an emerging Variscan mountain belt 
and the high gradient imposed by local tectonism 
(Dreesen et al., 1995). 

A different scenario exists in the Upper Sile
sian Coal Basin, where the Lower Namurian, high
ly coal-bearing paralic deposits are terminated by 
a depositional break, and are followed by a mid
dle Namurian (ex Namurian B) to early Stephani
an, purely continental coal-bearing succession, up 
to 4,000 m thick. Its deposition, controlled main
ly by local tectonic processes, is characterised by 
an alternation of sandstone- and mudstone-domi
nated units which indicate changes in intensity of 
tectonic regime. The youngest unit, the Cracow 
Sandstone Series (Bolsovian -lowermost Steph
anian ?) was deposited within a braided fluvial 
system (Gradzinski et al., 1995) and is lithologi
cally similar to the Pennant sandstone of the South 
Wales Coalfield. 

Rift and cratonic basins 
These genetically related basins developed on 
consolidated parts of plates (cratons) by tectonic 
processes related to extension, later grading into 
thermal subsidence produced by cooling of the 
lithosphere that had previously been heated dur
ing the initial phase of continental rifting. Rela
tively low and even subsidence rate of cratonic 
basins are accompanied by weak tectonic activity 
due to their location away from the orogenic belts, 
and these factors allow ideal condition for the 
development of climatically-driven cyclothems. 
Hiatuses are uncommon but, if present, they are 
often related to eustatically driven drops in sea
level. 

Thickness of strata of cratonic basins is usually 
low in comparison to the foreland basins. Hori
zontally to sub-horizontally lying strata are only 
occasionally interrupted by normal faults. The 
typically low rank of coalification in these basins 
makes them particularly suitable for palynologi
cal and cuticular studies. The weak tectonic ac
tivity and clastic input in these basins probably 
provide the best opportunity to study the effect of 
climatic changes on biotas and sedimentary record. 

Examples of these basins are the Interior and 
Michigan basins in North America; the Pennine, 
Campine basins and Midland Valley (?rift basin) 
in western Europe; and the Lublin Basin devel
oped on the western margin of the Russian Plat
form. 

Eastern (Illinois) and Westem Interior (Midcon
tinent) Basins. These basins are located on the 
North American Craton west of the Appalachian 
Foreland Basin, possibly with some tectonic in-

58 

fluence from the adjacent Appalachian fold belt. 
They contain both Mississippian and Pennsylva
nian strata separated by an erosional surface relat
ed to the early Namurian lowstand. Paralic, lo
cally coal-bearing Pennsylvanian strata range from 
the Langsettian to the Stephanian (Fig. 4), with 
maximum coal content concentrated in the West
phalian D (Upper Desmoinesian). These strata 
are arranged into cyclothems, with marine bands 
composed of carbonates and shales deposited on 
a low-gradient shelf or ramp with little relief (Nel
son et al., 1991). This palaeotopography permit
ted sea-level changes to affect large areas of the 
craton, thus producing basin-wide cyclothems. 
The higher, Stephanian cyclothems are rich in 
marine sediments but contain mostly thin coal 
seams of only minor economical importance. 

The Illinois Basin is the area where cyclothems 
were first mentioned and described by Wanless 
and Weller (1932). In contrast to the Appalachi
an-type cyclothems, mid-continent-type cy
clothems are carbonate-rich and thinner, with a 
lower proportion of continental clastics due to the 
flat extrabasinal topography. There is also weak
er tectonic activity here in comparison to the fold
belt-bounded Appalachian Basin. The duration 
of individual cyclothems of the Illinois Basin is 
estimated to be 24-129 ky (Klein, 1990; DiMichele 
et al., 1996). 

In the context of climatic changes, the lime
stone/coal couplets represent interglacial and gla
cial cycles of the Late Carboniferous cold inter
val, prior to the first major deglaciation (Frakes et 
al., 1992; Gas tal do et al., 1996). Each marine lime
stone represents an interglacial (i.e. sea-level high
stand) that is characterised by a wet-dry tropical 
climate. Each coal or coal group (depending on 
splitting) represents a glacial cycle (i.e. sea-level 
lowstand) during which a tropical ever-wet cli
mate prevailed (Cecil, 1990). 

The palaeogeographical position of the basins 
along the western part of the Euramerican Floral 
Province, their considerable stratigraphical record, 
and the strong influence that climatic controls are 
thought to have on deposition, makes these ba
sins especially important for the study of floristic 
changes around the Westphalian/Stephanian 
boundary. 

Pennine Basin. This basin is located in the Eng
lish Midlands from where it continues to the east 
under the North Sea and to the south to the North 
Variscan Foreland Basin. From the foreland ba
sins of the southern part of the British Isles (South 
Wales Coalfield, Bristol - Somerset, Kent) it is 
separated by the London- Brabant Massif (East
ern Avalonia terrane), although, limited commu
nication between the two basins was possible 
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Fig. 4. Relative plant-abundances of selected coal seams of the Illinois (Eastern Interior) Basin derived from palynological 
data (prepared from data published by Eble et at., 2001 and Mahaffy, 1988) 

through the Warwickshire and Oxfordshire Coal
fields. During the Late Carboniferous, the Pen
nine Basin in central England was a thermally sub-
iding, intracratonic basin opened during N-S ori

ented extension (Read, 1988) with only little ac
tive tectonics. Its sedimentary fill consists of 
oarsening-upward deltaic cyclothems bounded 

by widespread faunally-concentrated condensed 
horizons (Hampson, 1995). 

Coal-bearing strata of the Pennine Basin span 
the interval from the Langsettian to the Bolsovian. 
They were mostly deposited in a marine-influ
nced deltaic environment, but by the late West
halian the marine influence declined and sedi

mentation took place in a purely fluvial setting 
Guion et al., 1995). Most economic coal seams 

1re concentrated in the middle Langsettian to up
r Duckmantian interval and were formed when 

eposition in an upper delta plain setting favoured 
evelopment of extensive mires. Marine influence 

·- terminated by the Cambriense Marine Band in 
:he lower Bolsovian. Coal-bearing strata pass di-

hronously up into red-beds of the Etruria For
mation, which occurs at different stratigraphical 
. Yels in different parts of the basin. Red-beds 
: ies are common, especially in the southern part 
o the basin where they form a diachronous com-

lex ranging from the Langsettian to the Bolso-

vian directly adjacent to London- Brabant Mas
sif (Besly, 1988). They formed in well-drained 
alluvial environments that coexisted with deltaic 
deposition further north in the Pennine Basin (Gui
on et al. , 1995). During the Westphalian, the red
bed facies spread progressively northward, grad
ually replacing deposits of poorly drained deltaic 
environments, possibly as a consequence of tec
tonic uplift related to the Variscan Orogeny (Gui
on et al., 1995). Red-bed formation continued also 
during the Westphalian D and Stephanian, inter
cated with only short episodes of poorly coal-bear
ing horizons in the uppermost Westphalian. Their 
palynological and macrofloral records indicate a 
Westphalian D age (Smith and Butterworth, 1967; 
Turner, 1994; Cleal, 1984; Besly and Cleal, 1997). 
Stephanian strata are palaeontologically very poor
ly documented and evidence of the presence of 
beds of this age is rather indirect, being based only 
on the superposition of beds above the Westphal
ian D sediments. 

Lublin Basin. This is located on a stable base
ment on the southeastern margin of the Russian 
Platform, adjacent to the Variscan foreland with 
which it directly communicated. Consequently, 
this marginal cratonic basin was partly influenced 
from coeval Variscan tectonism. Mostly marine, 
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carbonate dominated Mississippian strata (Visean) 
grade upward into a coal-bearing succession of 

·Namurian to upper Westphalian age. Namurian 
to Langsettian sediments are in a paralic develop
ment with frequent marine bands. From the Duck
mantian, the basin fill was purely of continental 
origin. Most coal-bearing strata occur in the up
per Langsettian to Bolsovian part of the succes
sion. The upper Bolsovian contains only few thin 
coal seams. The presence of Westphalian D sed
iments was identified palynologically at the top 
of the basin fill, but macrofloral data are rather 
poor. Sediments younger than early Westphalian 
D have not been detected. 

Fault-related basins (extensional 
or strike slip basins) 

Purely continental, fault-bounded basins are char
acterised by frequent hiatuses and by alternating 
red, coal-barren, and grey coal-bearing sediments. 
Their intra-continental position and higher alti
tude could result in different climate conditions 
(induced by orographic barriers etc.) and their 
partial isolation reduced the migration potential 
of plants. Consequently the flora of most conti
nent~) basins exhibits higher numbers of endemic 
species. 

Atlantic Canada Maritime Basins. These are a 
complex of predominantly northesterly trending 
and formerly interconnected intermontane basins 
that lies within the northern Appalachians (Gib
ling et al., 1992; White et al., 1994; Calder, 1998). 
The basin fill spans the interval from the Devoni
an (Emsian) to the Permian, with only a few hia
tuses. The Pennsylvanian episode of deposition 
took place in a strike slip setting (Piint and van de 
Poll, 1984) that changed at the end of the Bolso
vian to thermal sag (Bradley, 1982). The total 
composite thickness of the Pennsylvanian strata 
reaches about 8 km (Hacquebard et al. , 1960). 
Palaeogeographically, this basin complex was sit
uated at the opposite side of the southeastern mar
gin of the Appalachians, in contrast to the Appa
lachian Basin to the west (Calder, 1998). The 
mountain range formed an orographic climate bar
rier, a drainage divide, and a phytogeographical 
barrier to biotic exchange between the two regions. 
No such land barrier existed to the east, thus al
lowing the Maritimes Basin to communicate with 
basins in western Europe, especially in Great Brit
ain (Calder, 1998). 

Coal-bearing deposition in the Maritimes Ba
sin is assigned to the Cumberland Group and is of 
Pennsylvanian age. During the Langsettian to 
Bolsovian, only aerially-restricted rheotrophic 
mires located in piedmont, interdistributary or la
custrine settings developed (Calder, 1979, 1994). 
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Widespread mires developed from the Westphal
ian D to Cantabrian on upper coastal plain setting 
(Gibling and Bird, 1994) during the thermal sag. 
The resulting coal deposits represent the main eco
nomic seams of the basin. These coal-bearing stra
ta are followed by the red-bed deposits of Stepha
nian to Permian age. 

Saar-Lorraine Basin. This is the largest Late Pal
aeozoic continental basin formed within the Eu
ropean Variscides. Tectonically, it is located be
tween the Rhenohercynian and Saxothuringian 
zones, following their SW -NE trending contact. 
It is a half-graben basin filled by Late Carbonifer
ous to Permian strata. Up to 4000 m of Late Car
boniferous coal-bearing strata span the interval 
from the Bolsovian to the Stephanian C, and con
sist of two parts: the Saarbrticken Group of West
phalian age, and the Ottweiler Group of Stepha
nian age. These Groups are separated by a prom
inent unconformity followed by the about 100m 
thick Holz Conglomerate at the base of the Ott
weiler Group. The duration of the hiatus has been 
discussed many times, but according to Laveine 
(1977) it comprises the latter part of the Westphal
ian D and the early part of the Stephanian. The 
intensity of erosion increases from southwest to 
the northeast, so the youngest Westphalian D strata 
are preserved in the French part of the basin 
(Laveine, 1977). Most of the economic coal seams 
are concentrated in the Westphalian strata. Steph
anian sediments contain only a few coal seams and 
part of the succession is in red-bed development. 

Erzgebirge Basin. This is located on the Sax
othuringian basement, on the northern flank of the 
Erzgebirge Mountains in Saxony, and on the NW 
margin of the Bohemian Massif. It is now pre
served as several isolated remnants, with the main 
one situated between the towns of Zwickau and 
Hainichen. The tectono-sedimentary history of 
the basin is very complex and starts already in the 
Early Carboniferous, and with several basin-wide 
hiatuses lasted until the Permian. Each of the sed
imentary episodes represents different basin set
tings, from purely marine, to an alluvial environ
ment in a piedmont setting. The Late Carbonifer
ous is recorded in two units, the Floha and Zwick
au Formations, separated by a hiatus and devel
oped in different, partly overlapping depocentres. 
The Floha Formation is of the Bolsovian age and 
is considered to be a time equivalent of the Rad
nice Member in central and western Bohemia. It 
contains frequent volcanoclastic beds and rhy
olithe bodies (Pietzsch, 1956). Sediments are rich 
in arkoses, but also contain thin coal seams local
ly mined in the vicinity of Floha. The following 
unit, the Zwickau Formation, is of Westphalian D 
age and consists of cyclically arranged strata with 



frequent coal seams. These were mined in the 
Zwickau- Oelsnitz Coalfield until the ·1970s and 
provided a very rich and diversified flora described 
by many authors (e.g. Daber, 1955). Stephanian 
strata are absent in the Erzgebirge Basin. 

During the Westphalian, this basin was located 
palaeogeographically between the continental 
basins of the central part of the Bohemian Massif 
and the Northern Variscan Foreland. 

Central and Western Bohemian Basins. These 
form the western part of the basin-system that con
tinues further northeast across the Sudetic region 
ro Poland. Both areas started as isolated depo-
entres, but merged into one large basin in the early 

Stephanian, when they spread over the Elbe Lin
eament zone separating the Bohemicum Terrane 
with the Central and Western Bohemian Basins, 
to the southwest and the Saxothuringian and Su
detic Basins to the northeast. 

The Central and Western Bohemian Late Pal
aeozoic basins are formally subdivided into sev
eral basins (Pilsen, Radnice, Kladno-Rakovnfk 
etc.) which were later partly isolated by post-sed
imentary erosion, but originally formed within a 
single depocentre. The basins are interpreted by 
Pasek and Urban (1990) as a wrench fault system 
related to the main NW-SE trending faults. Sedi
mentary history in these basins began around the 
Duckmantian/Bolsovian boundary, and with sev
eral hiatuses lasted at least until the end of the 
Carboniferous. Basi~:t-fill, the thickness of which 
reaches about 1400 m maximum, is divided into 
-our lithostratigraphical formations based on al
emating intervals of reddish, coal-barren, and 
~ eyish coal-bearing deposits (Weithofer, 1896, 
1902; Pesek, 1994). Sedimentation in most of 

ese basins started during the early Bolsovian 
\'ith the deposition of the highly coal-bearing stra

of the Radnice Member. This unit is separated 
- om the overlying Nyrany Member by a basin-
·ide hiatus lasting from the late Bolsovian to the 

early Westphalian D. The Nyrany Member is 
~bout 300 to 500 m thick of mostly fluvial strata 
:!nd spans the interv~l of the upper Westphalian D 
:o the Cantabrian (Setlfk, 1977; Wagner, 1977), 
• indicated by the increasing frequency of occur
rence of Stephanian plant elements such as Sphe
>Wphyllum oblongifolium. Economically impor
:mt coal seams are located mostly in the lower 

of the unit, with a few exceptions in the mid-
e or even upper part of the unit. However, rich 

~ lant collections derived from coalfields and hun
.::reds of boreholes represent all levels within this 

ember. Sediments of this unit pass upward with
t any interruption into lithologically-similar flu

strata of the Tynec Formation (Upper Can
-A rian - Barruellian) which is a red-bed devel-

opment with poorly preserved rare plant debris 
(Setlfk, 1970). 

Intra Sudetic Basin. This is located around the 
Czech - Polish border at the eastern margin of the 
complex of the Late Palaeozoic continental ba
sins ranging from the western Bohemia in the 
Czech Republic to the ENE up to the Poland. The 
tectono-sedimentary history of the basin is very 
complex and spans the interval from the De'voni
an to the Triassic. Hiatuses are frequent. Mostly 
marine, Devonian to Early Carboniferous strata are 
followed by purely continentql deposits compri's
ing the remaining part of the fill. The whole thick
ness of the Late Carboniferous fill reaches about 
2000 m. It is characterised by alternating red-beds 
and coal bearing grey coloured sediments. Eco
nomically important coal seams concentrate to two 
intervals. The older one range from the lower 
Namurian to the Bolsovian and the younger one 
from the Cantabrian to the Stephanian B. They 
are separated by a hiatus involving the upper Bois
avian and lower Westphalian D. A transitional 
succession from the Westphalian to the Stephani
an is recorded in the Svatoiiovice Member, the 
lower part of which consists of predominantly red
beds with only a poor flora indicating a Westphal
ian D age. The upper part of the unit (Upper Svato
iiovice Member) contains the Svatoiiovice Group 
of Coals, which have yielded very rich plant fos
sils of Cantabrian age (Setlfk, 1977; Pesek et al., 
2001). 
Late Palaeozoic continental basins of the South
ern Carpathians. These comprise the Re~ita and 
Sirina coalfields in southwest Romania, and each 
involves several half-graben basins: the Lupac and 
Secu Basins in the Re~ita Coalfield, and the Dra
gosela, Baia and Cucuiova Basins in the Sirina 
Coalfield (Dragastan et al., 1997). Basin-fill con
sists mostly of fluvial strata represented by coarse
grained clastics, shales and coal. The thickness 
of Upper Carboniferous strata of particular basins 
varies from between 250 and 1000 m. The number 
of coal seams varies between two and ten (Dra
gastan et al. , 1997). 

Deposition in the Re~ita Coalfield started in the 
early Westphalian (Langsettian) and continued 
until the Early Permian. The oldest strata, inter
preted as alluvial fan deposits, grade upward into 
a Bolsovian to upper Westphalian D coal-bearing 
succession of fluvial origin (Nastaseanu et al. , 
1979). Similar deposition continued during the 
Stephanian after a short hiatus spanning the inter
val of the Odontopteris cantabrica Biozone, i.e. 
the lowermost Stephanian (Cleal, 1991; Dragastan 
et al., 1997) and assigned to the Asturian phase. 
Permian strata are deposited after another gap in 
deposition with the exception of the Lupac Basin 
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where continuous transition between the Stepha
nian and Autunian was observed (Dragastan et al., 
1997). 

Deposition in the Sirina Coalfield started in the 
late Duckmantian and continued till the end of 
the Carboniferous. Short hiatuses occur around 
the Westphalian/Stephanian and Stephanian/ Au
tunian boundaries. The character of the sediments 
is comparable to that of the Re~ita Coalfield. Coal
bearing strata are also of similar age. 

These purely intramontane basins were located 
within the southeastern part of the Variscan Oro
gene. Their former structures were later overprint
ed by the Alpine Orogeny. Consequently, the coal 
rank of these Upper Carboniferous strata is usual
ly very high, unsuitable for application of macer
ation methods (Popa, pers. com.). 

Dobrudzha Basin. This is located in northeast
ern Bulgaria on the Moesian Platform. Generally 
non-folded, sub-horizontally lying coal-bearing 
strata containing several tens of coal seams reach 
a thickness of more than 1100 m (cf. Tenchov, 
1993). They span the interval from the upper 
Namurian (ex Namurian C) to the Cantabrian, but 
there are several short breaks in deposition. The 
transition between the Westphalian and the Steph
anian is continuous and contains important coal 
seams. 

Carboniferous strata of the basin are concealed 
under Mesozoic sedimentary cover and do not 
crop out. Therefore, all the available data are 
known only from deep boreholes. Basin fill is of 
purely continental origin, but palaeogeographical
ly the Dobrudzha Basin was located not far from 
the northern margin of the North Variscan Fore
land (Tenchov, 1989). Thus, it provides a link 
between the purely continental fault-bounded ba
sins and the paralic basins of the North Variscan 
foreland. 

Discussion 

In the Euramerican coal province, the end of the 
Westphalian and onset of the Stephanian is marked 
by an apparent decrease in the frequency of coal 
deposits. This event is accompanied by floristic 
changes, among which the most prominent is the 
decline of the tree lycophytes and their replace
ment by tree-ferns. Changes in terrestrial biotas 
and the decline of the coal measures forests ap
proximately coincide in timing with tectonic and 
palaeogeographic processes and climatic chang
es, which could be considered as the possible con
trols. Certain variations in scenario ofthese chang
es among individual basins indicate that the biot
ic changes and coal deposition retreat around the 
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Westphalian/Stephanian boundary are probably 
the result of an interplay of most of these con
trols, the intensity of which, however, varied strati
graphically and regionally across the Eurameri
can basins. To estimate which of them was or 
were the most important for a particular basin or 
for the province as a whole requires careful ex
amination of the timing of the changes in each 
basin, and a precise correlation over the whole 
Euramerican coal province. This should allow us 
to distinguish local and regional from global fea
tures, and consequently to recognise the impor
tance and role of particular controls, and to deter
mine which one (if any) was the most important 
over the whole Euramerica and thus was the most 
responsible for the changes in biotas. 

Several potential controls have appeared in the 
literature, among the most important being (1) 
global climate change, (2) tectonism related to the 
Variscan Orogeny resulting in decreasing of sub
sidence rate, and onset of basin inversion, (3) pal
aeogeographical changes related to the formation 
of Pangea producing orographic barriers that af
fected precipitation distribution, and (4) continen
tal drift through the latitudinal climate belts. Since 
all these processes operated simultaneously, the 
final effect on terrestrial biotas is most probably 
the result of an interplay of all these controls. Here, 
however, only a general discussion of each of these 
mechanisms is presented to show the complexity 
of the problem. 

Global climate change is often considered to 
be the best candidate for having controlled the 
changes of terrestrial biotas and the decline of peat
forming habitats at a Euramerican scale. The on
set of greenhouse conditions, the first indication 
of which appeared at the end of the Westphalian, 
is ascribed either to extra-terrestrial influence or 
to long-lasting geological processes related pos
sibly to large geotectonic cycles of amalgamation 
and breaking up the continents. Increased activi
ty of rifting-processes resulting in a disintegration 
of continents could produce large amount of C0

2 
due to strong volcanism, and its increase in the 
atmosphere could have produced a greenhouse 
effect. The impact of such a climate change would 
be expected to be global and more or less iso
chronous. Climate change could be gradual or 
cyclic, characterised by alternations of drier and 
wetter periods, with each drier interval becoming 
more severe than the previous ones, whereas the 
wetter intervals would tend to be gradually short
er and less prominent. This second scenario is 
supported by the sedimentary record in the Steph
anian, which is characterized by alternating inter
vals of coal-bearing strata and red-beds. This al
ternation has been observed in most of the Eura
merican coal basins, and might be related to the 



interference of two or even more independent cli
matic trends of various periodicities. Attempts to 
correlate these basin-wide 'grey' and 'red' beds 
indicate a basic agreement in their stratigraphical 
position within most of this area. The first drier 
period spans the interval of the lower Stephanian 
(approximately Barruelian). The second most 
prominent drier period is of late Stephanian age, 
from which it grades further into the Autunian. 
Both periods are separated by wetter period of 
middle Stephanian (Stephanian B) age, with eco
nomicaJly important coal seams occurring in many 
basins where sediments of this age are developed. 
Exceptions might be related either to discrepan
cies in the determination of precise stratigraphical 
position of lithostratigraphical units in pruticular 
basins, or to its overprint by other mechanisms, 
especially by local climate or tectonics. One of the 
main objections against the climatically controlled 
floristic change is the persistence of Jycophyte-dom
inated coal measures forests in China (Liu, 1990) 
until the end of the Permian. However, this may be 
explained by the relatively isolated palaeogeograph
ical position of China remote from the main Pan
gaea landmass. Thus, China was surrounded mostly 
by ocean and so could be exposed to a wetter cli
mate, despite the drying trend in Euramerica. 

Tectonic processes related to the Variscan Orog
eny and Pangaea assembly are another possible 
control responsible for the floristic changes and the 
decline in the peat-forming habitats. Tectonic proc
esses could produce local as well as regional chang
es in rate of subsidence and consequently in base
level. Consequently, it could be responsible for 
wetter table fluctuation and quality of drainage, and 
also for mire development. Deceleration of base 
level rise can result in improved drainage and con-
equently water-table drop, which could in tum 

result in the decline in the mires. A similar effect 
was described in eustatically-driven cyclothems, in 
which mire formation is related to a certain rate of 
base-level rise (Falcon-Lang, 2003). 

Tectonically induced base-level changes are also 
responsible for breaks in deposition and erosion 
of older strata, if the base-level is fal1ing down. 
These processes might be local or regional , with 

more or Jess regular to strongly irregular pattern 
of base-level changes. 

The influence of tectonics is the most prorni-
ent in continental and foreland basins, where this 

mechanism is the main producer of basin subsid
ence. In the North Variscan Foredeep, continu
ing compression resulted not only in a northward 
migration of the depocentre, but finally in an on-
5et of basin-inversion and interruption/termination 
of deposition at the beginning of the Stephanian 
:md is considered to be one of the most important 
;:-ontrols on deposition in continental basins. 

The persistence of coal measure forests in Chi
na is easily explained by the palaeogeographical 
position of the North and South China blocks, 
which are distant from the influence of these Var
iscan orogenetic processes. 

Rising of orographic barriers produced by col
lisional processes is another widely discussed 
mechanism (Cecil et al., 1985; Rowley et al., 1985; 
Calder and Gibling, 1994) which could be respon
sible for local to regional rain-shadows or irreg
ularities in distribution of precipitation. The sev
eral thousand metres high altitude proposed for 
the Variscan Mountains (e.g. Mattauer, 1986; 
Becq-Giraudon et al., 1996) could produce effects 
similar to those of the rising of the Himalaya 
Mountains during the Tertiary. In both cases, the 
mountain-chain is located between ocean and ba
sins, thus providing an orographic barrier against 
wet ocean winds. Rising of mountainous relief 
might be a relatively fast process, lasting 'only' 
several million years to produce several thousand 
metres of high topography, but it is quite a long 
process comparable to the longevity of certain ter
restrial biotas. However, one of the most crucial 
objections against the principal role of topogra
phy as that the main control on floristic changes 
is the culmination of orogenic processes and 
mountain building during the Visean, which did 
not have any prominent effect on the persistence 
of the Namurian and Westphalian lowland eco
systems in North Variscan foreland and adjacent 
paralic and intermontane basins. Consequently, 
rather local differences in microclimate concern
ing the wetness are considered. These, however, 
can produce local anomalies which can play an 
important role when correlating events between 
individual basins. 

The Euramerican coal province was located 
around the palaeoequator with its western part 
generally south of the palaeoequator and its east
ern part north of the palaeoequator. The north
wards drift of Pangaea during the Late Palaeozoic 
resulted in a gradual shift of the Euramerican coal 
province through the latitudinal climate belts by 
the Late Permian. This migration to latitudes of 
drier climate might be really responsible for the 
long-lasting general trend of an increase in dry 
conditions, observed since the end of the West
phalian through the Stephanian to the Permian, 
whereas superimposed periodic alternation of 
wetter and drier pulses could possibly be ascribed 
to orbitally-driven cycles. 

To recognize how the above mentioned con
trols are responsible for changes in terrestrial bi
otas, as well as the intensity of their effect, requires 
careful correlation of palynological, rnacrofloris
tic and sedimentological data from the various 
basins of the Euramerican coal province. Corn-
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Fig. 5. Changes in miospore abundances of selected plant-groups in the coal seams of the Upper Silesian Coal Basin showing 
the declining of lycopsids towards the end of the Westphalian. Prepared from data published by Dybova-Jachowiczova and 
Jachowicz (1975) and unpublished data ofValterova (1977, 1978, 1980, 1983) 

parison of basins of various palaeogeographical 
and geotectonic positions can revealed the most 
important controls in each basins and to postulate 
which are local and which are global in effect, and 
how they controlled the changes in terrestrial bi
otas, especially in the tropical lowland ecosystems. 

Coal-bearing, or at least fossiliferous, strata re
cording the Westphalian - Stephanian transition 
are preserved only in certain basins of the Eura
merican coal province. In North America, this 
interval is preserved in all the most important ba
sins, including the Western and Eastern Interior 
Basins, the Appalachian Basin, and in the Sydney 
Coalfield of the Canadian Maritimes Basin. These 
basins, located in the eastern half of the North 
American continent, occupy different geotecton
ic and palaeogeographical positions. The Interi
or basins, located in the western part of the Amer
ican Craton, are characterised by slow thermal 
subsidence with only weak tectonic activity from 
distant orogenes. Coal seams are present even in 
the lower and middle Stephanian, but are less fre
quent and economically important in comparison 
to those in the upper Westphalian strata. Due to 
the absence of any strong tectonic influence, the 
Interior basins provide excellent conditions for the 
examination of the effects of climatic and palaeo
geographical influences on changes of terrestrial 
biotas. The Appalachian Basin is a typical fore
land basin, affected by compressional tectonic 
processes from the adjacent Appalachian Orogene 
producing depocenter-migration, difference in 
subsidence, and folding of part of the basin fill. It 
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also provides coal-bearing Stephanian strata, de
spite the apparent decrease in frequency of coal 
seams at the base of the Stephanian. The Interior 
and Appalachian Basins contain marine bands up 
to the lower Stephanian, in contrast to western and 
central Europe where the last marine incursions 
took place during the Bolsovian. Their presence 
could be very helpful when correlating the floris
tic changes across this continent. The Maritimes 
Basin in Atlantic Canada provides a coal-bearing 
transition through the Westphalian D into the Can
tabrian in a setting of thermal subsidence. As a 
whole, the North American coal basins provide 
excellent conditions for the study of floristic 
changes around the Westphalian.__- _ Stephanian 
boundary in different palaeogeographical and tec
tonic settings, thus allowing the examination of 
the various mechanisms discussed above. 

In Europe, the Westphalian - Stephanian tran
sition is preserved generally in smaller, tectoni
cally controlled basins or coalfields, scattered over 
a large area in different palaeogeographical posi
tions, ranging from foreland to orogene interior. 
An uninterrupted transition in coal-bearing or fos
siliferrous development occurs in the South Wales 
and Dobrudzha Coalfields, located at opposite 
ends of the European Variscides. It is also devel
oped in basins of central and western Bohemia, in 
the Intra Sudetic Basin, and possibly also in the 
Upper Silesian Coal Basin (Fig. 5). Unfortunate
ly, there is a hiatus at this stratigraphical level in 
the Saar-Lorraine. Only minor breaks are also re
ported from the basins in the South Carpathians 



in Romania. In the Erzgebirge Basin, only West
phalian D strata occur. Similarly, in most coal
fields of the North Variscan Foreland, only West
phalian D strata occur at the top of the Pennsylva
nian coal-bearing succession. However, compar
ison of the South Wales and Dobrudzha Coalfields, 
\·ith continental basins of the Variscan interior, 
ould provide interesting results concerning es-

pecially the interference of tectonic and climatic 
influences on terrestrial biotas. However, relative 
bundance of endemics in the continental basins 
ay serve as an obstacle when correlating the 

srratigraphies of these basins with those of the 
.\'orth Variscan Foreland. 
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