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Xayapo )[(. C/JaAKon-Jlanz- BbLCOKOcopnaR pacmumeAb
NOcm nencuAbBaNuena u ee pOAb e ynu4moJ~Cenuu mpo
nu4ecKozo mop¢oo6pa3yJOU{eco 6uoMa. B no3.IJ,HeneH
CI1JlbBaHcKoe BpCMJI npeHMy~eCTBCHHO fi1MHOCnepMO
BaJI paCTHTCJlbHOCTb 3aHJIJia MCCTO nTepH.IJ,OQJHTOBOH 
Topcpoo6pa3ym~eii pacTI1TCJihHOCTH TponH'ieCKHX necos 
EspoaMepHKH, 3aHHMaBUIHX HHCKHe 'lacTH naneopenhe
cpa B EspoaMepHKe. ITo sceii aepol!THOCTH HeKOTOpble 113 
fi1MHOCnepMOBhiX 3JICMCHTOB 3BOJI!OHpOBaJ111 8 BhiCOKO
rOpHOH 06CTaHOBKC 11 nepe6pOCHJIHCb 8 HHCKHC 'iaCTH 
penbecpa B OTBCT Ha n0'18CHbiC 113MCHCHHJI KOHTI1HCHTaJih
HOfO MaCUITa6a. B pa6oTe npHBe.IJ,eH o63op e~e HCHH
TepnpeTHpo8aHHhiX .IJ,aHHhiX 0 COCTaBe BhiCOKOfOpHOH 
;l CCHOH neHCHJihBaHCKOH pacTHTCJihHOCTH. C.IJ,enaH KpH
TH'IeCKHH aHaJlH3 BCCfO CHCTCMaTH3HpOBaHHOf0 MaTCpH
ana: no paCTHTCJihHhlM aCCOl.(HaUHJIM 8 MaKCHMaJihHO 3a
TOllJIJ18lli11XCJI TeppHTOpHliX MOpCKOfO no6epC)KhH; no 
paCTI1TCJlhHbiM aCCOl.(Hal.(HHM QJJI!OBHaJihHhiX KaHaJIOB, 
KOTOphlC 6biJIH Henocpe.IJ,CT8CHHO CBH3HHbl C OKpa~!HaMH 
~10pll 11 no paCTHTCJlbHblM aCCOl.(Hal.(HHM B MC)KfOpHhiX 
6acceiiHax. llony'leHHble .IJ,aHHbie noKa3biBaiOT, 'ITO Top
cpoo6pa3yiO~He llTCp11.IJ,OcpHTOBblC CHCTCMbl 3aHHMaJ1H 
1130JI11pOBaHHhiC MC)KfOpHbJe 6acceHHbl, pa3MC~CHHhiC 
Ha BbiCOTC 6onee HeCKOJlhKI1X COT MCTpOB Ha.IJ, ypOBHCM 
~!Opll 11 'iTO pa3HbiC fHMHOCnepMOBhiC neca C KOHHcpepa
~111, KOp.IJ,11aTaMI1 11 nTepH.IJ,OCnepMaMH .IJ,OMHHI1pOBaJII1 B 
caMhiX BbiCOKHX OT.IJ,eJiax peJibecpa. Ha OCH08aHHH npHBC
.JCHHhlX .IJ,aHHbiX B pa6oTe 06Cy)K.IJ,a10TCJI OCHOBHbiC nmo
TC3hl .IJ,JIH 06'hHCHeHHH neHCHJlbBaHCKOH 3KCnaH31111 3THX 
ll03JJ.HHX, npeHMymeCTBCHHO fHMHOCnepMOBbiX 3KOCI1C
TCM a HHCKHe 'iaCTI1 naneopenbecpa. 

Abstract. Gymnosperm-dominated vegetation replaced pteri
dophytic, peat-forming lowland rainforests across tropical 
Euramerica in Late Pennsylvanian times. Some of the gymno
sperm elements appear to have evolved in upland environ
ments and expanded down into the lowlands in response to 
continental-scale changes in edaphic conditions. This paper 
reviews the cryptic evidence for the composition of Pennsyl
vanian upland vegetation. Specifically, three datasets are crit
ically analyzed: plant assemblages associated with marine 
maximum flooding surfaces, plant assemblages hosted in flu
vial channels adjacent to basin margins, and the plant assem
blages of elevated, intermontane basins. These data show that 
while peat-fonning, pteridophytic ecosystems occupied local
ized, intermontane basins at altitudes of up to a few hundred 
metres above sea-level , most higher elevation upland zones 
were dominated by diverse gymnosperm forests containing 
conifers, cordaites, and pteridosperms. The principal hypoth
eses that explain the expansion of these latter gymnosperm
dominated ecosystems into lowland terrains in Late Pennsyl
vanian times are discussed in light of these data. 

Falcon-Lang, H.J., 2004. Pennsylvanian upland vegetation and its implications for the demise of the 
peat-forming tropical biome. -Geologica Bale., 34, 1-2; 39-45. 
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Introduction 

The composition of Pennsylvanian upland forests 
has been the source of great controversy for more 

than a century (Falcon-Lang and Scott, 2000). 
This gap in our knowledge has alluded unequiv
ocal answer because plant remains are rarely pre
served at higher altitudes, upland sites being typ-
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ified by long-term net erosion rather than deposi
tion. To understand the vegetation composition 
and timing of colonization of upland terrains is 
very important (Falcon-Lang and Bashforth, 
2004). Due to the impact of plants on weathering 
rates and atmospheric carbon dioxide drawdown 
(Algeo and Scheckler, 1998), knowledge of 
Pennsylvanian upland forests is required to refine 
models of the global carbon cycle (Berner, 2003). 
In addition, such knowledge is crucial if we are to 
better understand the evolution of Pennsylvanian 
biomes (DiMichele et al., 2001), especially the 
final demise of the peat-forming wetlands that 
spanned tropical Euramerica (DiMichele and 
Phillips, 1994; Cleal, 1997; Cleal and Thomas, 
1999). It is this latter point that will form the fo
cus of this review paper. 

It is now widely accepted that upland forests 
had developed by the start of the Pennsylvanian 
times. The evidence for this (reviewed in detail 
below) relates, in part, to the sudden appearance 
of morphologically-advanced conifers and other 
taxa (Cridland and Morris, 1963; Winston 1983) 
in the lowland tropical basins following edaphic 
drying (DiMichele and Aronson, 1992). These 
data imply that the gymnospermous vegetation 
had evolved outside the depositional basin (i.e. in 
the uplands), where it would not have preserved 
a direct record (Frederiksen, 1972). Given that 
elements of putative upland vegetation replaced 
the lowland peat-forming tropical biome, a re
view of the Pennsylvanian history of upland for
ests is highly pertinent to understanding the de
mise of the 'Coal Forests', a key objective of the 
IGCP 469 programme. 

Definition 
of upland environments 

The Pennsylvanian tropical zone was traversed 
by a Himalayan-scale mountain chain formed by 
the oblique convergence of Gondwana with Lau
rusia. From east to west, this complex collisional 
zone was composed of the Variscan, Mauritanidi
an, Appalachian, and Ouachitan orogens (Scotese 
and McKerrow, 1990). Before reviewing the 
cryptic dataset concerning the early evolution of 
the forests that colonized this uplift zone, it is 
first important to precisely define what is meant 
by upland environments (Pfefferkorn, 1980). 
Pennsylvanian tropical basins may be broadly di
vided into two main categories, paralic and lim
nic (Ziegler, 1988). The former contain succes
sions showing evidence for marine influence dur
ing at least part of their depositional history, and 
are therefore inferred to have been formed at, or 
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close to, sea-level. The latter contain exclusively 
terrestrial successions and, by inference, were 
deposited above sea-level and/or within an inter
montane setting where marine incursions were 
excluded. 

Based on this review two complementary defi
nitions of upland environments are possible. In 
paralic settings, upland environments may be de
fined as those regions that lie upstream (and 
therefore upslope) of the depositional basins. 
Such uplands may have had an elevation as little 
as 100-200 m above sea-level or, at the other end 
of the spectrum, may have represented significant 
mountainous topography (Falcon-Lang and 
Scott, 2000). In limnic settings, the same defini
tion holds true but with an additional complexity. 
As the altitude of these latter basins cannot be 
accurately constrained, it is possible that some 
limnic successions were originally deposited 
above sea-level and therefore represent upland 
environments in themselves. 

Mapping of pre-depositional basement topog
raphy in the Kladno-Rakovnik Basin of the 
Czech Republic has permitted crude palaeo-alti
tudinal estimates to be inferred for this basin 
(Stanislav Oplustil in Cleal, 2002). Although 
only a few tens of metres of basement topography 
occur in the basin itself (Oplustil and Vfzdal, 
1995; Oplustil et al., 1999), altitudinal extrapola
tions based on measurements of palaeovalley gra
dient and estimates of the downstream distance 
to the Northern Variscan seacoast (corrected by 
palinsplastic reconstruction) indicate a maximum 
altitude of c. 1200 m above sea-level for the 
Kladno-Rakovnik Basin (Oplustil, pers. comm., 
2004). However, while such novel reasoning is to 
be applauded, it is important to stress that this 
maximum · estimate is extremely poorly con
strained because (1) the drainage gradient is 
highly variable between different palaeovalley 
systems within the basin, (2) the drainage gradi
ent and sinuosity is unknown outside the basin, 
and (3) it is uncertain whether the Northern Var
iscan foredeep represents the nearest downstream 
marine coastline. 

Other palaeo-altitudinal estimates for Variscan 
intermontane basin range up to 4500 m above 
sea-level for the Massif Central of France based 
on the putative recognition of periglacial sedi
mentary features such as diamictites (Becq-Gi
raudon et al. , 1996). However, these periglacial 
interpretations are highly equivocal, and could be 
interpreted in a variety of ways. For example, 
Becq-Giraudon et al. (1996) provide no criteria 
for distinguishing their putative diamictites from 
debris flow deposits. In summary, their palaeo-al
titudinal estimates appear highly improbable, not 



least because associated plant assemblages are 
~Josely similar to lowland vegetation in adjacent, 
oeval, paralic basins, showing apparently no ad

aptation to cold conditions (Wagner, 1997). 
Whilst new methodological approaches to de

ermining the palaeoaltitude of Pennsylvanian in
termontane basins represent an exciting and 
worthwhile area, at present, only estimates of 
minimum elevation may be made with certainty, 
these based on the preserved magnitude of base
ment topography. For all known intermontane 

asins, both in the Variscan chain (Oplustil and 
Vfzdal, 1995; Oplustil et al. , 1999) and on the 
margins of the Laurentian craton (Bashforth, in 
press; Falcon-Lang and Bashforth, 2004), base
ment topography never exceeds more than 200 
m. Conservative estimates of basin palaeo-alti-

de are therefore in the range of up to a few hun
dred metres and certainly no greater than 1200 m 
bove sea-level. Preservation of higher altitude 
asins (cf. the estimates of Becq-Giraudon et al., 

1996) would seem extremely unlikely because 
this would require unrealistically high rates of 
asin subsidence. 
Taking into account this discussion, it is useful 

o distinguish two types of upland vegetation. A 
lower altitude upland vegetation zone is indicat
ed by those plant communities that grew within 
""ievated, intermontane basins. Such plant com
munities probably grew at an altitude no greater 
than a few hundred metres, and dependent on the 
·agaries of basin hydrology, were dominantly 
\'etland, peat-forming ecosystems. A higher alti

. de upland vegetation zone is indicated by allo-
hthonous plant assemblages transported into the 
epositional basins from surrounding elevated 

"'rrains. Such assemblages represent a mixture of 
_!ants from a variety of different communities 
outside the depositional basin (Scheihing and Pf
efferkorn, 1984; Falcon-Lang and Scott, 2000). 
Fossil plants from the highest elevations would 
likely be best preserved where transport systems 
,·ere very large (e.g. palaeovalleys), where sedi

ments were deposited in a basin margin setting 
e.g. alluvial fans) , or where lowland environ

ments had largely been drowned by rapid sea-lev
el rise (maximum flooding surfaces). In contrast, 
o the intrabasinal upland assemblages (limnic ), 
xtrabasinal upland assemblages are more likely 
o contain an abundance of plants adapted to 
\·ell-drained conditions. 

The remainder of this paper reviews the cryptic 
evidence for the timing of colonization and com

osition of upland vegetation during Pennsylva
. an times, and discusses the implications of this 
ta-set for the demise of the lowland, pterido

hytic 'Coal Forests' towards the end of the 
Pennsylvanian. 

6 Geologica Balcanica, 1-2/2004 

Assemblages associated with 
maximum flooding surfaces 

The Pennsylvanian world was characterised by 
high-frequency sea-level fluctuations caused by 
Milankovitch-driven glacioeustasy (Maynard and 
Leeder, 1992). At times of sea-level highstand, 
coastal plains prograded out over the continental 
shelf for hundreds of kilometres, resulting in ex
tensive lowland regions with a gradient of <1-2° 
and an mean altitude at, or close to, sea-level. 
During deglaciation events, sea-level rises of up 
to 100 m amplitude occurred (Soreghan and 
Giles, 1999) over a timeframe of only 103-104 

years (Falcon-Lang, in press), resulting in the 
rapid drowning of coastal regions and the likely 
>90% reduction in the area of tropical lowland 
environments. 

Plant assemblages associated with the maxi
mum flooding surfaces in paralic basins have 
long attracted palaeobotanical interest because 
they are of a strikingly different botanical compo
sition to those of coal-bearing strata. For exam
ple, Neves (1958) described cordaite- and coni
fer-dominated pollen assemblages (Florinites 
and Pontiesporites) from Early Pennsylvanian 
marine units in the UK. Many other studies of 
maximum flooding surfaces have subsequently 
produced similar palynological results spanning 
the entire Pennsylvanian of Europe and North 
America (Turner et a!. , 1994; Davies and 
McLean, 1996; Falcon-Lang, in press). The pol
len-dominated assemblages likely represent a co
niferopsid upland signal that has been amplified 
following the widespread drowning of peat-form
ing lowland environments as first suggested by 
Chaloner-(1958). Given that the pollen rain rep
resents a time-averaged accumulation sampled 
over a large area, data suggest that cordaites and 
conifers were the dominant upland trees on the 
well-drained extrabasinal slopes. 

Allochthonous megaflora] assemblages washed 
out into the marine embayments at times of max
imum marine flooding have also been recorded. 
These are generally consistent with the palyno
logical datasets, indicating a dominance by 
cordaites, together with pteridosperms, calamite
ans, ferns, a few lycopsids and other enigmatic 
remains (Scott, 1906; Stopes and Watson, 1908; 
Scott et al., 1997; Van Ameron et al., 1997; Fal
con-Lang, 2003). Importantly, relatively few con
ifer megaflora] remains are found in association 
with Pennsylvanian maximum flooding surfaces 
(Mapes and Mapes, 1997) despite their abun
dance of conifer pollen in palyno-assembalges. 
This may imply that conifers were centred on the 
highest altitude mountain regions, therefore hav-
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ing the lowest transport potential into adjacent 
marine basins. This interpretation is strongly sup
ported by sequence stratigraphic analysis of Ear
ly Pennsylvanian palynological datasets (Davies 
and McLean, 1996) that show that conifer pollen 
is restricted to the maximum flooding surface it
self while cordaite/pteridosperm pollen is more 
widely distributed above and below the maxi
mum flooding surface. 

Allochthonous assemblages 
in fluvial channel deposits 

Whilst fragmentary megaflora! assemblages and 
palynological assemblages in distal marine de
posits provide a valuable record of the general 
composition of Pennsylvanian upland vegetation, 
more detailed information about the anatomy, ar
chitecture, and ecology of upland trees may be 
derived from proximal assemblages deposited in 
river channels immediately downstream of in
ferred areas of upland. 

Research on allochthonous fluvial channel
hosted assemblages has focused, in part, on the 
occurrence and significance of giant-sized, per
mineralized cordaite trunks (Falcon-Lang and 
Scott, 2000). A detailed review of 23 cordaite 
trunk-bearing sites in the USA, Canada, England, 
France, Poland, the Czech Republic and Spain 
has recently been given (Falcon-Lang and Bash
forth, 2005) and only a brief summary of that da
taset is provided here. All the cordaite trunk re
mains occur immediately downslope of moun
tainous areas, and occur in the deposits of large 
river systems, or even within up to 7 km wide 
paleovalley systems (Falcon-Lang, in press). Re
constructions indicate that the trees were up to 50 
m high with 2 m diameter stumps, and therefore 
the largest known trees in the Pennsylvanian 
tropical biome (Falcon-Lang and Bashforth, 
2004). Their taphonomic context clearly points 
to an upland origin, and this is confirmed at one 
site in Alabama, USA, where hollowed-out 
cordaite trunks contain cobble and boulders of 
metamorphic and igneous lithologies apparently 
derived from the Appalachian mountain belt (Lui 
and Gastaldo, 1992) 

Other proximally-deposited sites also strongly 
indicate the presence of upland vegetation domi
nated by cordaite trees. Within the intermontane 
Saint Etienne Basin of central France, for exam
ple, large cordaite trees have been documented in 
growth position within alluvial plain units adja
cent to basin margin alluvial fans (Grand'Eury, 
1877; Doubinger et al., 1995). This Upper Penn
sylvanian basin was located in the heart of the 
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Variscan mountain belt and was likely deposited 
several hundred metres above sea-level. At a 
nearby site, permineralized peat blocks (coal 
balls) occur reworked into alluvial fan deposits 
(Galtier and Phillips, 1985). This material is also 
dominated by cordaites, together with subordi
nate pteridosperms, and ferns, and indicates that 
these plants were growing on top of fault blocks 
outside the confines of the basin (Falcon-Lang 
and Bashforth, in press). 

In addition to these cordaite trunk-dominated 
units, other allochthonous channel-hosted assem
blages demonstrate greater diversity of upland 
vegetation. Early Pennsylvanian palaeovalley de
posits, incised deeply into Silurian-Devonian 
limestone bedrock, occur in Illinois (Leary, 
1981 ), and have famously yielded allochthonous 
plant assemblages dominated by cordaites, pteri
dosperms, and noeggerathialians, with minor 
pteridophytes (Leary, 1975, 1993). Late Pennsyl
vanian palaeovalleys in Kansas, Ohio and New 
Mexico have yielded allochthonous assemblages 
dominated by conifers, cordaites, and pteri
dosperms (Moore et al. , 1937; Winston, 1983; 
Leisman et al., 1988; Rothwell and Mapes, 1988; 
Lyon and Darrah, 1989; Cunningham et al., 
1993), while Late Pennsylvanian palaeovalleys in 
Spain have yielded allochthonous assemblages 
dominated by cordaites and pteridosperms (Iwan
iw, 1985a, b). The taphonomic context of all 
these palaeovalley assemblages strongly suggests 
derivation, at least in part, from upland terrains. 

Parautochthonous assemblages 
in elevated basins 

All the assemblages described above are repre
sentative of vegetation that mostly grew outside 
the paralic and limnic depositional basins (extra
basinal assemblages). These provide insight into 
the higher altitude upland vegetation that grew on 
mountainous slopes under well-drained condi
tions. This edaphic interpretation is supported by 
the dominantly gymnospermous composition of 
the vegetation. In contrast, vegetation that grew 
within intermontane basins, but was deposited at 
altitudes of up to several hundred metres above 
sea-level, is represented by a rather different array 
of plant assemblages to those so far described. 
Within an enclosed basin context, high water ta
bles may be maintained despite topographic ele
vation. Consequently, many elevate,d, intermon
tane basin successions are locally coal-bearing, 
and evidently supported a variety of wetland plants. 

Most well-studied Pennsylvanian intermon
tane basins are small (up to a few tens of kilome-



rres in diameter) and located within the Variscan 
mountain belt in central Europe (Ziegler et al., 
1988). These include the Loire, Saar-Lorraine, 
Bohemian, Saxony, and Svorge basins of France, 
Germany, the Czech Republic, Poland, and Bul
garia (Galtier and Phillips, 1985; Cleal, 2002). 
These intermontane basins contain plant assem

lages with broadly similar dominance-diversity 
haracteristics to coeval lowland deposits in adja
ent paralic basins, being dominated by wetland 

plants such as lycopsids, sphenopsids, ferns, and 
pteridosperms (DiMichele et al., 2001). This sig
nificant overlap in vegetation composition likely 
reflects the broadly similar environmental condi
tions between the two settings. The principal en-
·ironmental differences between wetlands in lim

nic (intermontane) and paralic settings probably 
only included the relatively greater proportion of 
oarse-grained sediment (e.g. alluvial fans) and 
he lateral restriction of peat-forming settings in 
he former basin type. 

Nevertheless, there are a few distinctive char
a teristics to the floral assemblages of elevated, 
intermontane basins. For example, several exam

les of endemism amongst certain intermontane 
. teridosperm and sphenopstd groups have been 

ointed out (Cleal, 2002; Simunek and Cleal, 
_004). Divergent evolutionary trajectories might 
be expected in intermontane basins where popu-
1 tions were partially isolated and opportunities 
·or gene exchange with ancestral groups limited. 
Importantly, no major, unequivocal differences in 
leaf physiognomy have been noted between 
losely related taxa in lowland, paralic and ele
·ated, intermontane settings (Simunek and Cleal, 

_004). This lends further weight to the argument 
at intermontane successions were deposited at 

3.l titudes of no more than a few hundred metres. 

Discussion 

Cryptic and disparate evidence points to the ex
i tence of a complex mosaic of upland vegetation 

uring Pennsylvanian times. Lower altitude veg
etation occurred within intermontane basins at 
elevations of no more than a few hundred metres 

ove sea-level. These were dominantly wetland 
endophytic ecosystems. Although similar to 
e vegetation of coeval, lowland environments 

t the generic level, elevated intermontane eco
systems contained a significant number of en-
ernie species (Cieal, 2002). 
A higher altitude vegetation unit is indicated 

y allochthonous remains that were aerially and 
- uvially transported down into paralic and limnic 
asins. These were dominantly gymnospermous 
osystems that included conifers, cordaites, and 

pteridosperms. Limited evidence suggests that 
conifers may have occupied the highest altitudes 
(Davies and McLean, 1996). Nothing is known of 
the stature of upland conifers, but permineralized 
trunk remains suggest that upland cordaites were 
very large indeed, comprising trees up to 50 m 
high. It is unlikely that these latter trees grew at 
altitudes of more than c. 1000-2000 m because 
their trunks entirely lack tree-rings indicative of 
high year-round temperatures and precipitation 
(Falcon-Lang and Scott, 2000; Falcon-Lang and 
Bashforth, in press). 

With regard to the demise of the lowland 'Coal 
Forests' it is the latter, higher altitude vegetation 
zone that is of particular significance. There are 
two competing hypotheses that explain the ex
pansion of gymnosperm-dominated upland eco
systems down into the lowlands during Late 
Pennsylvanian times: climatic drying (DiMichele 
and Phillips, 1994) and/or widespread basin in
version (Cleal and Thomas, 1999). Both hypoth
eses rely on the same causal mechanism to drive 
the observed vegetation shift, namely basin-wide 
changes in water table, resulting in a transition 
from dominantly wetland to dominantly dryland 
conditions. Such edaphic changes would, of 
course, transfer the competitive advantage from 
the pteridophytes to the gymnosperms. 

It is extremely difficult to distinguish which 
mechanism was dominant during the Late Penn
sylvanian vegetation changeover, especially as 
climatic shifts and changes in topography are of
ten intimately linked. Recently, sequence strati
graphic studies of successions deposited under 
uniform rates of subsidence indicate that glacial
ly-induced cool, dry phases drove short-term 
changes in lowland ecosystem composition simi
lar to those witnessed more widely in the Late 
Pennsylvanian (Falcon-Lang, 2003, in press). 
These studies have shown that as tropical low
lands oscillated between dryland and wetland 
conditions in response to glacial-interglacial cli
mate rhythms, vegetation fluctuated between 
gymnosperm- and pteridophyte-dominated phas
es. These data therefore suggest that climate 
change alone may have had the capacity to inde
pendently drive the observed continent-wide 
vegetation turnover in Late Pennsylvanian times. 

Nevertheless, major regional differences in the 
timing of changeover from pteridophytic, peat
forming vegetation to gymnospermous, mineral
substrate vegetation occur across the Late Penn
sylvanian tropical zone. In summary, geographi
cally widespread peat-forming, pteridophytic ec
osystems mostly vanished across Europe by late 
Middle Pennsylvanian times, persisting only in 
localized intermontane basins (Cleal, 1997). In 
eastern Canada, peat-forming, pteridophytic eco-
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systems did not disappear until the early Late 
Pennsylvanian (Gibling et al., 2004). In Illinois 
peat-forming forests hung on well into the Late 
Pennsylvanian (DiMichele and Phillips, 1994), 
while in Texas they appear to have survived into 
the earliest Permian (DiMichele et al., in press). 
This pattern of progressively delayed (stepwise) 
extinction in a east to west direction is significant 
as it coincides precisely with pattern of uplift as
sociated with the Variscan-Appalachian-Ouachi
tan orogen (Scotese and McKerrow, 1990). 

These data imply that, in addition to climate 
change, orogenesis and associated basin inver
sion may have played a major role in driving the 
demise of the 'Coal Forests'. Further research is 
clearly needed to disentangle the relative impor
tance of climate and/or tectonic effects on the de
struction of the Pennsylvanian rainforest biome. 
What is presently clear is that vegetation evolu
tion in well-drained upland terrains during Pen
nyslvanian times provided gymnosperms with the 
adaptive plasticity to oust the pteridophytic for
ests when opportunity arose, following wide
spread edaphic drying of lowland regions (DiMi
chele and Aronson, 1992). 

Acknowledgements. I gratefully acknowledge receipt of a 
NERC Fellowship (NERII/S/2001/00738) held at the Univer
sity of Bristol, UK. I thank Stansilav Oplustil for sharing un
published data. This paper has benefited from discussions 
over many years with Arden Bashforth, John Calder, Bill 
Chaloner, Chris Cleal, Bob Gastaldo, Martin Gibling, and 
Andrew Scott. 

References 

Algeo, T.J., Scheckler, S.E. 1998. Terrestrial-marine telecom
munications in the Devonian: Links between the evolution 
of land plants, weathering processes, and marine anoxic 
events. - Phil. Trans. Roy. Soc., London, Ser. B, 353; 
113- 130. 

Ameron, H.W.J. van, Josten, K.H., Gaipl, R. 1997. An inter
esting association of fossil plants from the lower Upper 
Carboniferous of North Rhine-Westphalia (Hastenrath, 
Germany). - Rev. Palaeobot. Palynol., 95; 285-304. 

Bashforth, A.R. (in press). Upper Carboniferous (Bolsovian) 
macroflora from the Barachois Group, Bay St. George Ba
sin, southwestern Newfoundland, Canada. - Palaeonto
graphica Canadiana, 24. 

Becq-Giraudon J.F., Montenat, C., Van Den Driessche, J. 
1996. Hercynian high-altitude phenomena in the French 
Massif Central: the tectonic implications. - Palaeogeogr., 
Palaeoclimatol., Palaeoecol., 122; 227-241. 

Berner, R.A. 2003. The rise of trees and their effects on Pale
ozoic atmospheric C02 and 0 2 . - Comptes Rendus Geo
science, 335; 1173-1177. 

Chaloner, W.G. 1958. The Carboniferous upland flora. -
Geol. Mag., 95; 261b262. 

Cleal, C.J. 1997. The palaeobotany of the upper Westphalian 
and Stephanian of southern Britain and its geological sig
nificance. Rev. Palaeobot. Palynol. , 95; 227-253. 

Cleal, C.J. 2002. Two new Late Carboniferous Neuropteris 
species (Medullosales) from Saarland, Germany and their 

44 

palaeobiogeographic significance. -Bot. J. Linnean Soc., 
139; 193-205. 

Cleal, C.J., Thomas, B.A. 1999. Tectonics, tropical forest de
struction and global warming in the Late Palaeozoic. -
Acta Palaeobotanica Sup pl., 2; 17-19. 

Cridland, A.A., Morris, J.E. 1963. Taenopteris, Walchia, and 
Dichophyllum in the Pennsylvanian System of Kansas. -
Univ. Kansas Bull., 44; 71-82. 

Cunningham, C.R., Feldman, H.R., Fransen, E.K., Gastaldo, 
R.A., Mapes, G., Maples, C. G., Schultze, H-P. 1993. The 
Upper Carboniferous Hamilton fossil-lagerstatte in Kan
sas: a valley-fill, tidally influenced deposit.- Lethaia, 26; 
225-236. 

Davies, S.J., McLean, D.1996. Spectral gamma-ray and pal
ynological characterisation of Kinderscoutian marine 
bands in the Namurian of the Pennine Basin.- Proc. York
shire Geol. Soc., 51; 103-114. 

DiMichele, W.A., Aronson, R.B. 1992. The Pennsylvanian
Permian vegetational transition: a terrestrial analogue to 
the onshore-offshore hypothesis. -Evolution, 46; 807-824. 

DiMichele, W.A., Chaney, D., Tabor, N.J., Hook, R.W. (in 
press). From wetlands to wetspots: the fate and signifi
cance of Carboniferous elements in Early Permian coastal 
plain floras of north-central Texas.- In: DiMichele, W.A., 
Greb, S. (eds), Wetlands through time.- Geol. Soc. Am. 
Spec. Pub. 

DiMichele, W.A., Pfefferkorn, H.W., Gastaldo, R.A. 2001. 
Response of Late Carboniferous and Early Permian plant 
communities to climate change.-Ann. Rev. Earth Planet. 
Sci., 29; 461-487. 

DiMichele, W.A., Phillips, T.L. 1994. Palaeobotanical and 
palaeoecological constraints on models of peat formation 
in the Late Carboniferous of Euramerica. - Palaeogeogr., 
Palaeoclimatol., Palaeoecol.,l06; 39-90. 

Doubinger, J., Vetter, P., Langiaux, J., Galtier, J., Broutin J. 
1995. La flore fossile du bassin houiller de Saint-Etienne. 
- Memoires du museum national d'histoire nature lie, 164; 
1-355. 

Falcon-Lang, H.J., 2003. Response of Late Carboniferous 
tropical vegetation to transgressive-regressive rhythms, 
Joggins, Nova Scotia. - J. Geol. Soc., London, 160; 
643-647. 

Falcon-Lang, H.J., in press. Pennsylvanian tropical rainforests 
responded to glacial-interglacial rhythms.- Geology, 32. 

Falcon-Lang, H..J., Bashforth, A.R., 2004. Pennsylvanian up
lands were forested by giant cordaitalean trees. - Geology, 
32;417-420. 

Falcon-Lang, H.J., Bashforth, A.R., in press. Anatomy, archi
tecture, and upland ecology of giant cordaitalean trees from 
the Middle Pennsylvanian of Newfoundland. - Canadian 
Journal of Earth Sciences. 

Falcon-Lang, H.J., Scott, A.C., 2000. Upland ecology of 
some Late Carboniferous cordaitalean trees from Nova 
Scotia and England.- Palaeogeogr., Palaeoclimatol., Pal
aeoecol. , 156; 225-242. 

Frederiksen, N.O., 1972. The rise of the mesophytic flora. 
Geoscience and Man, 4; 17- 28. 

Galtier, J., Phillips, T.L., 1985. Swamp vegetation from 
Grand'Croix (Stephanian) and Autun (Autunian), France, 
and comparisons with coal-ball peats of the Ilinois Basin. 
- 9th Int. Congr. Carb. Geol. Strat. (Washington), C. R., 
5; 13-24. 

Gibling, M.R., Saunders, K.l., Tibert, N.E., White, J.A., 
2004. Sequence sets, high-accommodation events and the 
coal window in the Carboniferous Coalfield, Atlantic Can
ada.- In: Pashin, J., Gastaldo, R.A. (eds.), Coal-bearing 
strata: Sequence stratigraphy, paleoclimate, and tectonics. 
Am. Assoc. Petrol. Geologists, Studies in Geology Series, 
51 ; 169- 198. 



Grand'Eury, F. C., 1877. Memoires sur Ia flore Carbonifere du 
Departement de Ia Loire et du centre de Ia France, etudiee 
aux trois points de vue botanique, stratigraphic et geognos
tique. -Mem. l'Acad. Sci. Fr., 24; 1-624. 

Iwaniw, E., 1985a. The sedimentology of Lower Cantabrian 
basin margin deposits in northeastLe6n, Spain. -An. Fac. 
Cienc. Univers. Porto, 64; 49-115 . 

Iwaniw, E., 1985b. Floral palaeoecology of debris flow dom
inated valley-fill deposits in the Lower Cantabrian of 
northeast Le6n, Spain. -An. Fac. Cienc. Univers. Porto, 
64; 283-357. 

Leary, R.E., 1975. Early Pennsylvanian paleogeography of an 
upland area, Western Illinois, USA. - Bull. Soc. Beige 
Geologie, 84; 19-31. 

Leary, R.E., 1981. Early Pennsylvanian geology and paleo
botany of the Rock Island County, Illinois. Part 1: Geolo
gy. -Illinois State Museum, 37; 1-88. 

Leary, R.E., 1993. Enigmatic fossil plants from the Early 
Pennsylvanian of Western Illinois.- Trans. Illinois State 
Acad. Sci. , 86; 119-125. 

Leisman, G.A., Gillespie, W.H., Mapes, G., 1988. Plant meg
afossils from the Hartford Limestone (Virgilian-Upper 
Pennsylvanian) near Hamilton, Kansas. -In: Mapes, G., 
Mapes, R.H. (eds), Regional geology and palaeontology of 
upper Paleozoic Hamilton Quarry area in southeastern 
Kansas. - Guideb. Kansas Geol. Surv., 6; 203-212. 

Liu, Y.J., Gastaldo, R.A., 1992. Characteristics and prove
nance of log-transported gravels in a Carboniferous chan
nel deposit. -J. Sediment. Petrol., 62; 1072-1083. 

Lyons, P.C., Darrah, W.C., 1989. Earliest conifers of North 
America: upland and/or paleoclimatic indicators. -Pal
aios, 4; 480-486. 

Mapes, R.H., Mapes, G., 1997. Biotic destruction ofterrestri
al plant debris in the Late Paleozoic marine environment. 
-Lethaia, 29; 157-169. 

Maynard, J.R., Leeder, M.R., 1992. On the periodicity and 
magnitude of Late Carboniferous glacioeustatic sea-level 
changes. -J. Geol. Soc. London, 149; 303- 311. 

Moore, R.C., Elias, M.K., Newell, N.D., 1937. A 'Permian' 
flora from the Pennsylvanian rocks of Kansas.- J. Geol., 
44; 1-31. 

Neves, R., 1958. Upper Carboniferous plant-spore assem
blages from the Gastrioceras subcrenatum horizon, North 
Staffordshire. -Geol. Mag., 95; 1-19. 

Oplu~til, S., Vfzdal, P., 1995. Presedimentary palaeo-relief 
and compaction: controls on peat deposition and clastic 
sedimentation in the Radnice Member, Kladno Basin, Bo
hemia.- In: Whateley, M.K.G., Spears, D.A. (eds), Euro
pean Coal Geology. - Geol. Soc. London Spec. Pub., 82; 
267-283. 

Oplu~til , S., Sykorova, I., Bek, J., 1999. Sedimentology, coal 
petrology and palynology of the Radnice Member in the S-

E part of the Kladno-Rakovnik Basin, Central Bohemia 
(Bolsovian). -Acta Univers.Carol.Geol. , 43; 599-623. 

Pfefferkorn, H.W., 1980. A note on the term upland flora.
Rev. Palaeobot. Palynol., 30; 157-158. 

Rothwell, G.W., Mapes, G., 1988. Vegetation of a Paleozoic 
conifer community. In: Mapes, G., Mapes, R.H. (eds), Re
gional geology and palaeontology of upper Paleozoic Ham
ilton Quarry area in southeastern Kansas . - Guideb. Kan
sas Geol. Surv., 6; 213-223. 

Scheihing, M.H., Pfefferkorn, H. W., 1984. The taphonomy of 
land plants in the Orinoco Delta: a model for the incorpo
ration of plant parts in clastic sediments of Late Carbonif
erous age of Euramerica. -Rev. Palaeobot. Palynol., 41; 
205-240. 

Scotese, C.R., McKerrow, W.S., 1990. Revised world map 
and introduction. - In: McKerrow, W.S., Scotese, C.R. 
(eds.), Palaeozoic Palaeogeography and Biogeography. 
Geol. Soc. Land. Mem., 12; 1-21. 

Scott, A.C., Gal tier, J ., Mapes, R.H., Mapes, G., 1997. Palae
oecological and evolutionary significance of anatomically 
preserved terrestrial plants in Upper Carboniferous marine 
goniatite bullions. -J. Geol. Soc. London, 154; 61h68. 

Scott, D.H., 1906. On Sutcliffia insignis, a new type of 
Medullosae from the Lower Coal Measures.-Trans. Linn. 
Soc., Land., 7; 45-68. 

Simunek, Z., Cleal , C.J ., 2004. Small pinnuled odontopterid 
medullosans from the middle and upper Stephanian of Bo
hemia and Saar-Lorraine.- Rev. Palaeobot. Palynol. 129; 
21-38. 

Soreghan, G.S., Giles K.A., 1999. Amplitudes of Late Penn
sylvanian glacioeustasy.- Geology, 27; 255-258. 

Stapes, M.C., Watson, D.M.S., 1908. On the present distribu
tion and origin of the calcareous concretions in coal seams, 
known as 'coal balls'. -Phil. Trans. Royal Soc. , Land., 
Ser. B, 200; 167-218. 

Turner, N., Spinner, E., Spade, F., Wignall, P.B., 1994. Paly
nostratigraphy of a Carboniferous transgressive system 
tract from the earliest Alportian (Namurian) of Britain. 
Rev. Palaeobot. Palynol. , 80; 39T54. 

Wagner, R.H., 1997. Floral palaeoecology of the Carboni fer
ous/Permian. - In: Aguirre, E., Morales, J., Soria, D. 
(eds.), Registros f6siles e his to ria de La Tierra, Cursos de 
verano de el escorial. Editorial Complutense, Madrid; 
143-172. 

Winston, R.B., 1983. A Late Pennsylvanian upland flora in 
Kansas: systematics and environmental implications. -
Rev. Palaeobot. Palynol., 40; 5-31. 

Ziegler, P.A., 1988. Evolution of the Arctic-North Atlantic 
and the Western Tethys - a visual presentation of a series 
of palaeogeographic-palaeotectonic maps. - Am Ass. Pet
rol. Geologists' Mem., 43; 164-196. 

45 


