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Abstract

The Lodeve basin, which contains an exceptional long and nearly uninterrupted profile of Early to Late Permian continental red beds,
is well correlated to the other European Permocarboniferous basins. Together they cover the time span from the Late Pennsylvanian to the
Permian—Triassic boundary. Although these basins were placed within the equatorial belt for the whole Permian, several climatic
changes are recorded in the sediments. Terrestrial sedimentation is governed by the interaction of climate and tectonics as well as by
volcanism to a variable degree. Therefore, small scale climatic variations of the Milankovitch band are hardly discernable and if so, they
could not be correlated between different basins. Indeed, larger scale climatic shifts could be identified.

It is shown, that the shift from the Carboniferous icehouse to the Mesozoic warmhouse was a multi-stage process. This global
warming resulted in a general aridisation of northern Pangea, indicated by outspreading playa and sabkha red beds, aeolianites and
evaporites. Several short phases of increased humidity interrupted this trend, indicated by wet red beds, lake sediments and coal
deposits. In central and southern Europe, these wet periods are traceable within the Late Stephanian/Lower Rotliegend (Gzhelian/
Asselian), topmost Lower Rotliegend (Asselian/Sakmarian), Upper Rotliegend I (late Artinskian/early Kungurian) and Upper
Rotliegend II/Zechstein (Wuchiapingian). The aridisation of the northern Pangea which accelerated near the Sakmarian/Artinskian
transition is attributed to a reorganisation of the major ocean currents. Cold water currents along the western flank of the Pangea,
indicated by the Permian chert event, blocks moisture transport from West onto the continent. During Roadian and Wordian the
onset of an additional cold water current along the Cimmerian continents, blocks moisture transport from the East. Both
phenomena together are responsible for the maximum of aridity at the Early to Middle Permian transition.

Additionally, the equatorial climate has been affected by an increasing seasonality within the Late Pennsylvanian and Permian,
caused by the wide shifting of the Zone of Inter-tropical Convergence (ITC) over the equator. Based on a new reconstruction of the
Pangean assembly in this paper, climatic changes in the Permian are interpreted and causes of the arid-humid-arid shifts are
examined. Phases of higher humidity are often related to events of global impact, like the waxing and waning of the Gondwanan
glaciation, obtained in the South African Karoo Basin (Dwyka Group). But also regional events had strong climatic influence. The
Zechstein transgression in the Northern and Southern Permian Basin as well as the Bellerophon transgression of the Southern Alps
caused the wet phase in the Wuchiapingian.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Generally, the climate development during the Late
Carboniferous (Pennsylvanian) and the Permian of the
palaeo-equatorial zone, which is the Euramerian biota
province, is described as the transition from tropical ev-
erwet to increasing dryer conditions during the transition
from the Late Palaeozoic icehouse to the Mesozoic green-
house. Meanwhile, increasingly improved correlations of
the continental deposits of different basins in the Eu-
ramerian belt (e.g., Schneider, 2001; Schneider et al.,
2004) enable the comparison of different processes, which
control the individual features of each single basin, e.g.,
tectonics, volcanism, local and regional climate as well as
resulting facies pattern through time. In this way, the old
idea of Stille (1920) of correlative tectonic “phases” in the
Variscan orogen was modified by Schneider et al. (1995a)
to wider spaced, to some degree synchronous culmina-
tions (e.g., the Franconian and the Saalian movements) of
volcano-tectonics and basin development/basin reorgani-
sation. This concept is adopted meanwhile for different
regions of the Variscides (Deroin and Bonin, 2003). Based
on them, some phenomena in changing diversity and
distribution pattern of aquatic faunas linked to the devel-
opment of lake and river systems, respectively migration
pathways, could partially be explained (Schneider and
Zajic, 1994; Schneider et al., 2000; Boy and Schindler,
2000). The influence of the increasing aridisation on the
constitution and distribution of floral associations during
this time is well known (Ziegler, 1990; Kerp, 1996; Di-
Michele et al., 2001; Wagner, 2004). Unfortunately, the
interaction between the continents and the oceans, which
together with orbital factors produce the world climate, are
not really well understood. The ultimate cause is the hith-
erto unresolved task of direct biostratigraphical cor-
relations of pure continental profiles and marine
sections. One exception for the Lucero basin, New Mexi-
co, with mixed marine—continental deposits, is published
by Schneider et al. (2004). Therefore, climate models, as
developed by Parrish (1993), Kutzbach and Ziegler
(1994), Fluteau et al. (2001) give, until now, only general
pictures in much too wide spaced time-slices. Neverthe-
less, they illustrate unresolved problems. One of them is
the correlation of the glaciation/deglaciation cycles in the
higher latitudes of the Pangea with the dry and wet cycles
in the equatorial belt.

In the following, we try to distinguish between tecto-
nically driven local facies patterns and the larger scale
regional facies associations. We suppose that the latter are
caused by regional and global climate changes and can be
correlated by combination of biostratigraphic data and
isotopic ages. For climate interpretations we use a new

reconstruction of relative plate movements during Pangea
formation.

2. The Permian of the Lodéve basin

In one of the most complete and best exposed Permian
sections in Europe — the continental fluvial-lacustrine
grey sediments and red beds of the southern French
Lodeve basin (Figs. 1, 2) — detailed sedimentological,
geochemical, mineralogical and palacoecological inves-
tigations have been carried out. The basin is situated on
the southern border of the Massif Central forming a half
graben structure with a supposed master fault in the south
(Broutin et al., 1992; Deroin et al., 2001). Permian sedi-
ments crop out in an area of 150 km® with a thickness of
about 2500 m.

Although the position of the Lodéve basin was in the
equatorial belt during the whole Permian, climatic changes
had been quite common. They will be analysed and dis-
cussed in context to regional and global climate signals.

2.1. Litho- and biofacial climate signals

Permian sedimentation started in the Asselian/
Sakmarian with fluviatile clastics and lacustrine black
shales of the Usclas—St. Privat Formation and the
Tuiliéres—Loiras Formation (Fig. 2). These grey facies
sediments are deposited in a fan and flood plain system
with eutrophic lakes in the basin centres. The climate has
been semi-humid with seasonal rainfall, as indicated by
laminated (varved) lake sediments and a absolutely
coniferan-dominated macroflora (85%, Galtier in Lopez
et al., 2005). In the transition zone of the upper
Tuiliéres—Loiras Formation to the lower Viala Forma-
tion, the facies changed from grey to red, respectively
from lacustrine to dominant fluvial. The Viala Formation
consists mainly of cyclic braided river/sheetflood sand-
stones and flood plain silt-/mudstones. Only in the lower
part grey laminated, lacustrine clay-/siltstones are still
intercalated. The red facies has been deposited under
semiarid conditions, indicated by desiccation cracks,
xeromorphic calcisols, vertisols and rare pseudomorphs
after gypsum and halite crystals.

Above a tectonically induced erosional unconformity,
the second sedimentation cycle starts with fanglomeratic
fan deposits at the base of the Rabejac Formation (Fig. 2).
Further deposition took place in an alluvial plain/flood
plain environment with periodically waterfilled ponds.
Bedding planes of these ponds contain masses of con-
chostracan- and triopsid-ichnia, tetrapod tracks and rare
plant remains. Grey facies is completely missing. Re-
mains of macroflora in fluvial sandstones are still
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Fig. 1. Schematic map showing the Permian outcrop area of the Lodeve basin in southern France and the measured sections discussed in the text.

frequent, but oxidised. Invertebrate burrows are common,
especially Scoyenia in floodplain deposits. Widespread
flood casts and rain prints as well as desiccation cracks
point to seasonal to episodic heavy precipitation events in
an overall semiarid climate. Toward the top of the Rabejac
Formation sheetflood and braided river sandstones dimin-
ish, indicating a retreat of the alluvial fans and a transition
into the playa sediments of the following Salagou For-
mation. Cycles of the Octon Member, lower Salagou For-
mation, consist of m-thick, massive structure-less red
brown clayish siltstones (vertisols) and beige-coloured,
cm-thick calcareous siltstones with characteristic desicca-
tion cracks (Fig. 3a,b). The latter ones are interpreted as
deposits of exceptional flash flood events. Fluvial sand-
stones and siltstones disappear almost completely. Indica-
tions of a semiarid to arid climate as vertisols (instead of

calcisols) and desiccation crack horizons became increas-
ingly frequent. The absence of plant roots as well as
invertebrate burrows, like Scoyenia, point to a lowered
ground water level. Internal birds-eyes-structures as well as
degassing structures result from decaying biomats. The
occurrence of fossils in the Octon Member is almost com-
pletely restricted to temporary water filled channels which
contain masses of aquatic organisms, adapted to dryness of
seasonal and or longer frequency (conchostracans, triop-
sids — comp. Gand et al., 1997a,b; Garric, 2001). The
maximum of aridity was reached in the Octon Member.
Sedimentary cycles of the Mérifons Member, upper
Salagou Formation, consist of cm- to dm-thick, often lam-
inated, red brown siltstone and grey-green, cm-thick silt-
stone with calcareous cements (Fig. 4a,b). Sporadically
intercalated are pebbly sandstone channels or cm- to dm-
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Fig. 2. Stratigraphic profile of the Permian of the Lodéve basin, showing the typical lithology, the main tuff horizons and the general fossil content.
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Fig. 3. (a) Typical section of the Octon Member, lower Salagou Formation, with decimeter to meter wide spaced, graded coarse silty desiccation crack
horizons (flash flood deposits) and one of the tuff beds intercalated in structureless red-brown clayish siltstones (vertisols). North of Lake Salagou,
profile RV, comp. Fig. 1. (b) Typical outcrop of the Octon Member, north of Lake Salagou, profile R VI (comp. Fig. 1). Characteristic wide spaced
interbedding of massive vertic clayish siltstones with only some centimeter thick calcareous cemented desiccation crack horizons. North of Lake
Salagou, profile R VI, comp. Fig. 1.
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Canyon west of Mérifons, comp. Fig. 1; legend for fossils see Fig. 2. (b) Typical outcrop of the Mérifons Member with laminated to massive clayish
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west of Mérifons, comp. Fig. 1.
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thick sandstone horizons. These coarse clastic sediments
are mainly distal fan deposits. They are traceable to the
synsedimentary tectonical active western border of the
basin, where they are much more abundant. Fossils like
triopsids, conchostracans and insect wings as well as rare
plant fragments are found in channels and in laminated
claystones. They are much more frequent than in the Octon
Member (see Fig. 2). Sand patch fabric, vertisols as well as
dewatering structures indicate periodic wetting and drying
(comp. Hardie et al., 1978). The absence of evaporites or
even of pseudomorphs of evaporites as halite hopper
crystals points towards an open system, possible a
through-flow playa (comp. Rosen, 1994).

Quite abrupt, the La Lieude Formation (Fig. 2) starts
with fluviatile coarse clastics. An up to 90 m thick series
of dm- to m-thick sheetflood and braided river
conglomerates, as well as large scale cross-bedded
pebbly channel sandstones directly overlie the series of
1800 m of fine clastic red sediments of the Salagou
Formation. Frequent greenish—whitish colours of cal-
careous cemented sandstone layers and calcic soils
indicate a higher ground-water level causing reducing
conditions. With the first conglomeratic levels calcisols
and invertebrate burrows of Scoyenia-type, rooted
siltstones, tree vegetation and a new tetrapod track
association (Gand, 1993, Gand et al., 2000) appear. The
trackmaker of 20 to 30 cm diameter tracks is a
pelycosaur similar to Cotylorhynchus. Skeleton remains,
belonging to those more than 4 m long herbivorous
reptile, were newly discovered in sheetflood sediments.
These drastic changes in litho- and biofacies patterns
from dry playa to wet alluvial plain environments are
indications of a rapid increase in the rate of precipitation.

2.2. Volcanism

Tuff beds are mainly known from the Usclas—St.
Privat, Tuiliéres—Loiras and Viala Formation (Odin,
1986). Nmila et al. (1989) first recognized that the
Rabejac Formation and the Salagou Formation also con-
tain volcanic material. About 9 air-fall tuff beds (Fig. 5) of
3 to 10 cm thickness are found in the Octon Member
(Kérner, 1999). These tuff beds deliver valuable informa-
tion on climate related weathering processes and via the
identification of their source areas on main directions of air
currents; additionally they could be used for isotopic age
determination. Because of the instability of primary
volcanic shards in the red facies, they are mainly made
up of authigenic minerals like analcime, albite and
carbonates. In contrast, tuff beds of the grey facies contain
mainly authigenic potassium feldspar and carbonate. This
change is directly accompanied by the transition from a

lacustrine sedimentation with reducing milieu to flood
plain sedimentation with oxic milieu in the upper
Tuilieres—Loiras to the lower Viala Formation.

In Ocean Ridge Granites (ORG) normalized spider-
grams, tuffs and tuffites of the Lodéve basin compared to
the early calc-alkalic cycle and the latter alkalic cycle of
Permian acidic volcanism from Corsica, show similar
patterns (Nmila, 1995). Volcanic material of the Rabejac
and Salagou Formation show Th/Ta ratios close to seven,
similar to the Th/Ta ratios of the Permian alkalic vol-
canism of Esterel (Provence, S-France) and Corsica. On
the contrary, the Th/Ta ratios of the tuff beds from the grey
facies of Usclas—St. Privat to Viala Formations are close
to ten. They are comparable to the first cycle Permian calc-
alkalic volcanism of Corsica. Ztr/Th- and Th/Hf-ratios
show the same relationship. The typological study of the
zircon population from tuff beds of Usclas—St. Privat,
Tuiliéres—Loiras and Viala Formation (Odin, 1986; Nmila
etal., 1992) confirmed a calc-alkalic volcanism in the grey
facies and transitional grey/red facies. Fluid and crystal-
line inclusions in volcanic quartz of the Rabejac Forma-
tion (Bouchachi et al., 1990) as well as geochemical
analyses of volcanic material in the Salagou Formation
(Nmila, 1995) point to an alkalic volcanism in the red
facies of Rabejac and Salagou Formations. The general
chemical composition of the tuff beds of the Rabejac and
Salagou Formations, their low concentrations of 3d-
transition elements (Co, Cr, Ni) and Al,O3, P,0s, TiO,
confirm their acidic composition (Nmila et al., 1992).

The grain-size of the ash tuffs of the Usclas—St. Privat
to Viala Formation and their decreasing thickness to the
North—West suggest a source of the volcanic eruptions
located maximally 100 km toward the south/south-east
(Leroy, 1992 in Nmila, 1995). This is additionally sup-
ported by a modelling of climate during Pangea, assuming
a super monsoon with main wind direction in the northern
summer from the south-east (Parrish, 1993; Kutzbach,
1994; Fluteau et al., 2001). This fits well with the geo-
chemical identity between the Lodéve pyroclastics and
the Permian volcanites of Corsica and Esterel south-east
of the Lodeve basin.

2.3. Petrology

The mudstones of the grey facies consist predominantly
of illite, potassium feldspar, dolomite, quartz, kaolinite and
organic carbon. Characteristic for the grey facies is
kaolinite, indicating a high intensity of chemical weath-
ering, and organic carbon, implying a high organic
productivity and reducing conditions. Potassium feldspar
only appears in grey facies where it is very abundant — up
to 35% of the whole rock (Odin, 1986) — and in small
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Fig. 5. Altered volcanic shards in the tuff bed TS (comp. Fig. 2) of the Octon Member, lower Salagou Formation. Profile R VIII, west of Lake Salagou

(comp. Fig. 1).

amounts at the top of the Lodéve profile in the upper
Meérifons Member and in the La Lieude Formation (Fig. 6).

Mudstones of the red facies consist predominantly of
illite, albite, analcime, dolomite, calcite and quartz. Char-
acteristic for the red facies is hematite, which indicates
oxic conditions, as well as authigenically formed albite
and analcime. They are partly formed by alteration of
volcanic shards, as indicated by high analcime contents
within tuff or tuffite beds. But the highest contents of
analcime and albite were found in the upper Octon Mem-
ber. In this level no tuff beds occur and thus most of the
analcime and albite had to be formed by the early dia-
genetic process of evaporative pumping, which is char-

acteristic for semiarid climates. Evaporatic pumping leads
to the destruction of detrital feldspar and of mont-
morillonite providing highly alkaline solutions (Hsi and
Siegenthaler, 1969; Remy and Ferrel, 1989). From these
solutions analcime and albite can be authigenically formed.

The clastic input, indicated by the amount of quartz,
after reaching a first minimum in the Viala Formation, rise
in the Rabejac Formation, indicating mainly tectonic
activity with onset of the second sedimentation cycle. The
second minimum input in the upper Octon Member
corresponds well with the highest analcime and albite
contents, pointing towards a maximum of aridity. In the
Meérifons Member some peaks of higher clastic input are

@ quartz plagioclase

B sodium feldspar E analcime |

vol% whole rock

Usclas T.-L.| Viala |Rabe-
Fm. Fm. | Fm. [jac

Octon Member

| Mérifons Member La Lieude
Salagou Fm. Fm.

Fig. 6. Distribution of quartz, plagioclase, albite, potassium feldspar and analcime in clayish siltstones of the Lodéve basin (T.—L.=Tuiliéres—Loiras
Fm.). Note, that in the red facies, from Viala to La Lieude Formation, almost the entire fraction of plagioclase is made of authigenic albite.
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possibly related to tectonic movement at the Orb fault, the
western border of the basin. With the start of the La Lieude
Formation, authigenic analcime disappears and quartz
content reaches high values. Both together confirm the
above described shift to increasing precipitation.

2.4. Geochemistry

Geochemical investigations included element geo-
chemistry of the whole profile, carbon isotope analyses
on organic carbon of the grey facies as well as oxygen-
and carbon-isotope analysis on calcareous cemented
siltstones of the red facies (Korner, 1999; Korner et al.,
2001, 2003). Due to diagenesis, the 5'80-values have
been highly altered and do not reflect the climatic trends
derived from other data.

In the transition zone from grey to red facies, changes
in the major element geochemistry are associated with the
appearing/disappearing of distinct minerals. Higher
Na,O- (albite, analcime), CaO- (calcite) and Fe,Os-
contents (hematite) are associated with the decline of
K,O- (potassium feldspar) and MgO-contents (dolomite).

The Na,O-content (Fig. 7) reflects the abundance of
analcime and albite in the rocks. As outlined above, both
minerals have been formed under semiarid conditions.
Aggressive solutions induced by evaporative pumping are
responsible for the destruction of detrital minerals and
volcanic shards. In cause of this alteration potassium is
partly leached out and replaced by sodium during neo-
formation of albite and analcime. The samples of the Octon
Member, which have the highest Na,O/Al,O;-ratios and
the lowest K,O/Al,O3-ratios compared to the other units,
documents therefore a period of strong evaporation. These

trends are reflected in the calcareous cemented siltstones as
well as in the mudstones of the whole profile.

513C0rg-values (bulk) from lacustrine dark grey, lami-
nated mudstones of the Usclas—St. Privat and Tuiliéres—
Loiras Formation are very variable, fluctuating between
—19%o and —26%o. This indicates changing productivity or
varying ratios of algal material to continental C3-plant
(analyses have been carried out by Radtke, MPI Jena and
Peters—Kottig, Miinster).

The large Middle Permian negative excursion cannot
be explained by sedimentological, element geochemical
and palaeontological signals within the Lodéve basin
(comp. Figs. 2,7 and 8). Thus we interpret this signal as
an atmospheric one. Decreasing 6'>C-values up to the
Middle Permian (Octon Member) correspond well with
modelling of CO,-pressure curves (Berner, 1991, 1994).
Due to the coupled atmosphere/ocean system, the postu-
lated atmospheric signal should also be traceable within
the Mid-Permian oceanic record.

3. Climate-significant facies associations in the central
European Pennsylvanian and Permian basins

Upper Mississippian to Middle Pennsylvanian (Na-
murian to Westphalian) mainly marine to paralic deposits in
different east and west European basins and North America
are compared by means of sequence stratigraphy with
glaciation/deglaciation cycles of Gondwanaland by Izart et
al. (2002). It is shown that in the west European paralic
foreland basins of the Variscides, no relationship exists
between the intensity of transgressions into these basins and
the Gondwana glaciation cycles. Siiss et al. (2004) con-
cludes from very detailed investigations of sedimentary
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environments and the sequence stratigraphy of the Ruhr variations of Gondwana ice-sheet extents in a frequency of
and Aachen basins (part of the Variscan foreland basin), 112 ka, which are the 5th order Milankovitch cycles (short
that sedimentation was dominated by periodic sea-level excentricity). Cycles of 100 to 110 ka duration have also

changes. These changes should be induced by periodic been found in the paralic Donetsk basin by Izart et al.
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(2002). The latter authors state, that orbital forced climatic
changes may have played an important role in limnic and
continental basins and also have caused cyclicities.
Stollhofen et al. (1999) discuss tectonic versus climatic
control on depositional sequences in the Stephanian and the
Permian Rotliegend of the Saar—Nahe basin. The discussed
200-400 ka cycles fall within the Milankovitch band.
Nevertheless, because of different volcano-tectonic fea-
tures, it is concluded that irregular episodes of rapid tecto-
nic subsidence were the dominant force, rather than regular
climatic fluctuations. However, interference between both
driving forces is accepted to generate large, long existing
lakes during climatically wet periods. Because of the strong
tectonic overprint of the climatic signals from the Milan-
kovitch band in Variscian continental basins, we concen-
trate in the following on longer lasting wet and dry periods.
Doing so, we have to face two problems (comp. Fig. 9).
First, as shown by Schneider (2001) and Liitzner et al.
(2003, in press), deposits of Kasimovian up to Artinskian
age, which is a duration of 25 Ma, could be biostratigra-
phicaly well subdivided and correlated with a time resolu-
tion between 0.5 and 1.5 Ma. Correlations are more or less
well supported by isotopic ages. But, for the remaining time
of 30 Ma up to the end of the Permian, only very scattered
biostratigraphic information exists, isotopic ages are almost
completely missing. Second, in most of the European
basins, with exception of the Saar—Nahe basin and the
Lodeve basin, sedimentation from the Middle Cisuralian up
to the Upper Guadalupian is interrupted by several hiatuses.

3.1. The intra-Stephanian drought phase

In contrast to widespread grey sediments with coal
seams in the European basins of Westphalian and Can-
tabrian times, red to red brown and dark violet coloured
sediments are typical for parts of the Stephanian. Alluvial
plain and floodplain red sediments are characterized by
calcisols and vertisols with colour mottling. Bioturbation
of Scoyenia gracilis-type is common. Yellowish to white
sandstones are the result of leaching by groundwater
flows in buried, coarse grained, porous channel deposits.
Primary grey colours are restricted to the neighbourhood
of the rare coal seams. Lacustrine limestones are de-
posited in temporary pools and short existing lakes
(Gebhardt, 1988). These facies patterns are well known
from different basins: the Stephanian B Rothenburg For-
mation and partially the Stephanian C Siebigerode For-
mation of the Mansfeld Subgroup in the Saale basin
(Schneider and Gebhardt, 1993; Schneider et al., 2005),
the Stephanian B Heusweiler Formation, Ottweiler Sub-
group, of the Saar basin (Schéfer, 1989; Miiller et al.,
1989; Schifer and Korsch, 1998), the Stephanian A Tynec

Formation and partially the Stephanian B Jivka Member
of the Odolov Formation of the Intrasudetic basin, the
Stephanian A Tynec Formation and partially the Stepha-
nian B Slany Formation of the Central Bohemian basins
(Pesek et al., 1998; Pesek and Skocek, 1999).

3.2. The Stephanian/Lower Rotliegend wetness phase
(Gzhelian/Asselian transition)

In most of the basins, in which more or less continuous
profiles exist, a recurrence of peat formation and/or ex-
tensive lake horizons is observed (Fig. 9). Depending on
intensified tectonics and subsidence, in some basins linked
with strong volcanism (Franconian movements, Schneider
et al., 1995a), red alluvial sediments of progradating fans
could be intercalated to various degrees in predominating
grey facies. In the Saar—Nahe basin, the coal seams of the
Stephanian C Breitenbach Formation and the basin wide
lake horizons of the Altenglan Formation belong to this
interval. That is the so-called “Stephano—Autunian pre-
dominantly lacustrine phase” of Boy and Schindler (2000).
Supported by biostratigraphic data, it correlates to the coals
and the lake horizons of the Gehren Subgroup and the
Ilmenau and Manebach Formations of the Thuringian
Forest basin as well as the Wettin Subformation in the
upper Siebigerode Formation of the Saale basin (Schnei-
der, 1996, 2001; Liitzner et al., in press). This level corre-
sponds biostratigraphicaly (Schneider and Werneburg,
1993; Werneburg, 1996) to coals and lake horizons in the
Netzkater Formation of the Ilfeld basin in East Germany as
well as in the lower Autunian of the Autun basin in the
French Massif Central from the Moloy up to the Muse
Formation. In the Krkonose Piedmont basin the very
extensive Rudnik lake horizon of the Vrchlabi Formation
belongs to this phase. Characteristically for this phase is
the partial co-occurrence of hydrophilous to hygrophilous
Stephanian floral elements with mesophilous Autunian
elements.

3.3. The topmost Lower Rotliegend wetness phase
(Asselian/Sakmarian transition)

In most of the basins, the interval between the Gzhelian/
Asselian and the Asselian/Sakmarian wetness phase is
characterized by a complex intercalation of alluvial fan and
fluvial conglomerates, alluvial plain and lacustrine fine
clastics, lacustrine black shales and limestones, sometimes
decimeter thick coal seams and frequent pyroclastic hori-
zons. These sequences are characterized by increasing red
colours upward in the profiles. In some basins, a last
extensive lake development appears in the topmost Lower
Rotliegend or Autunian; mostly in the form of some meter
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thick laminated black calcarcous shales or laminated
reddish limestones, intercalated in red beds. They are
sometimes accompanied by first playa-like sediments, as
in the case of the Oberhof Formation of the Thuringian
Forest basin. The character-fossil of those playa-like
deposits is the freshwater jellyfish Medusina limnica
(Gand et al., 1996). This level could be well correlated by
amphibian zones (Melanerpeton gracile—Discosauriscus
pulcherrimus-zone and Discosauriscus austriacus-zone of
Werneburg, 1996) supported by insect biostratigraphy
(Schneider and Werneburg, 1993; Schneider et al., 2004).
To this interval belongs the Friedrichroda lake horizon,
Upper Oberhof Formation of the Thuringian Forest basin,
the Humberg lake horizon in top of the Meisenheim
Formation, Saar—Nahe basin, the Bacov black shale in the
Boskovice Graben, the Ruprechtice lake, Broumov For-
mation of the Intrasudetic basin, the Buxieres-les-Mines
coal seams and lake of the Aumance basin, as well as the Le
Telots black shales of the Millery Formation, Autun basin,
in the Massif Central. In the Lodéve basin, the Usclas—St.
Privat lake correlates by amphibians (pers. comm.
Werneburg) with this last extensive level of perennial lakes.

3.4. Upper Rotliegend I wetness phase (Late Artinskian)

The discrimination and correlation of this wetness
phase during red bed sedimentation of basal Upper Rot-

liegend I (“‘Saxonian” in French terms) is somewhat spec-
ulative, because of insufficient biostratigraphical control.
It is primarily based on following observations. First, the
unusual, up to 70 m thick red and black lacustrine sedi-
ments of the Miiritz Formation in the North German basin.
Biostratigraphically they belong to early Upper Rotlie-
gend I (Schneider et al., 1995b) as well as tectonostrati-
graphically to the post-rift megasequence of Stollhofen et
al. (1999), which is again Upper Rotliegend I. Second, the
unusual co-occurrence of Stephanian-type floral elements
together with modern Permian meso- to xerophilous floral
elements in Upper Rotliegend I red beds of the lower Nahe
Subgroup, Wadern Formation, Sobernheim lake horizon,
Saar—Nahe basin (Kerp and Fichter, 1985; Kerp, 1996).
Within the Lodéve basin this wet-phase is represented by
the Rabejac Formation. Deposits of temporary pools and
lakes as well as the clay mineralogy (Fig. 7) give hints for
more humid conditions compared to the red beds of the
foregoing Viala Formation. In comparison to alluvial and
playa-like red beds of the Rotterode Formation, raised
precipitation rates were discussed for the alluvial plain red
beds of the Tambach Formation, Thuringian Forest basin
(Martens et al., 1981; Schneider, 1996). The following
ongoing aridisation is indicated by aeolian sand dunes in
the Kreuznach Formation, Saar—Nahe basin, and in the
Upper Hormburg Formation of the Saale basin, too. Coarse
debris flow deposits of the Eisenach Formation contain

Fig. 9. Correlation scheme of European basins and Karoo Basin. (A) — Stephanian/Lower Rotliegend wetness phase (latest Gzhelian/Asselian
transition); (B) — topmost Lower Rotliegend wetness phase (Asselian/Sakmarian transition); (C) — Upper Rotliegend I wetness phase (Late
Artinskian); (D) — Upper Rotliegend arid phase (Kungurian to Roadian); (E) — Upper Rotliegend II/Zechstein wetness phase (Late Capitanian to
Early Changhsingian). The correlations are based on the following data: (1) — Branchierpeton saalensis—Apateon intermedius-zone Werneburg
(1996) — Bohemiacanthus Ug-zone (Schneider and Zajic, 1994) — Sysciophlebia euglyptica—Syscioblatta dohrni-zone (Schneider and Werneburg,
1993); (2) — 293+2 Ma (295+3 to 291+2) (Ar/Ar) (Goll and Lippold, 2001); (3) — 300+2.4 Ma (Ar/Ar) (Burger et al., 1997); (4) — 297-301+
3 Ma (U/Pb-SHRIMP) (Breitkreuz and Kennedy, 1999); (5)A — M. sembachense—A. dracyiensis-zone (Werneburg, 1996) — Bohemiacanthus-Um/
Om zone (Schneider, 1985)=upper Bohemiacanthus lauterensis to palatinus-zone (Hampe, 1989), (Schneider and Zajic, 1994) — Sysciophlebia
ilfeldensis— to S. balteata-zone (Schneider and Werneburg, 1993); (5)B — M. sembachense—A. dracyiensis-zone (Werneburg, 1996); (6)A — 288+
7 Ma (Liitzner et al., 2003) — Spiloblattina homigtalensis-sperbersbachensis—Sysciophlebia balteata-zone — Bohemiacanthus Ugo/Ogo —
zone=Bohemiacanthus palatinus-zone (Hampe, 1989), (Schneider and Zajic, 1994) — Branchierpeton reinholdi-Apateon flagrifera flagrifera— to
Melanerpeton eisfeldi-zone; (6)B — Bohemiacanthus Ugo-zone (Gaitzsch, 1995); (7) — 297+3.2 Ma (U/Pb-SHRIMP) (Kéniger, 2000); (8) —
Spiloblattina odernheimensis—Sysciophlebia n. sp. B-zone; (9)A — 287+2 Ma (282+2) (Ar/Ar) (Goll and Lippold, 2001) — Melanerpeton
arnhardti-Apateon flagrifera oberhofensis — to M. gracile— Discosauriscus pulcherrimus-zone; (9)B — Bohemiacanthus type Buxieres — dated in
Buxieres-les-Mines 289+4 Ma (Pb/Pb); (10) — 290.7+0.9 Ma (Rb/Sr) (Lippolt and Hess, 1989); (11) — Moravamylacris kykalovae-zone; (12) —
Sobernheim Moravamylacris kukalovae-zone; (13) — 275+4 Ma (U/Pb) (Liitzner et al., 2003) Elgersburg rhyolithe—Moravamylacris kukalovae-
zone—Lioestheria monticula-zone (Martens, 1987)=L. andreevi-zone (Holub and Kozur, 1981) — Seymouria sanjuanensis Wolfcampian/
Leonardian (Bermann and Martens, 1993); (14) — conchostracans; (15) — Pseudestheria wilhelmsthalensis-zone (Martens, 1987); (16) —
Lueckisporites virkkiae, Corisaccites Capitanian to Abadehian (Kozur, 1988); (17) — conchostracans; (IR) — Ilawarra Reversal (Menning, 1995);
(18) — Zechstein limestone — Merrillina divergens — lower Wuchiapingian (Bender and Stoppel, 1965; Kozur, 1994) — cynodont and dicynodont
remains, karst fissure fills (in Hessia) — modern tetrapod tracks in the Comnberg and Weissliegend sandstone; (19) — 302+3 Ma (SHRIMP)
(Breitkreuz and Kennedy, 1999); (20) — 293.8+2.7 Ma (SHRIMP) (Breitkreuz and Kennedy, 1999); (21) — 295.5+5.1 Ma (U/Pb) (Bruguier et al.,
2003); (22) — 289.3+6.7 Ma (U/Pb); (23) — 284+4 Ma (U/Pb); (24) — insects, conchostracans Kungurian/Roadian (Bethoux et al., 2002; Gand et
al., 1997a,b); (25) — close to IR (Bachtadse pers. commun.) — tetrapod tracks Tatarian, (Gand et al., 2000); (26) — 299.2+3.2/302.0+3 Ma
(SHRIMP) (Bangert et al., 1999); (27) — 288.0+3.0 Ma (SHRIMP) (Bangert et al., 1999); (28) — 270+1.0 Ma (SHRIMP) (Turner, 1999); (29) —
265+2.5 Ma (SHRIMP) (Wanke et al., 2000) — Tropidostoma A.Z. — mid-Middleton Fm.; (30) — Sooblatta stephanensis (Pesek, 2004); (31) —
Stephanian to Autunian macroflora (Pesek, 2004); (32) — Late Autunian macroflora (Simunek in Pesek, 2004); (33) — Early Stephanian B
macroflora (Simunek in Pesek, 2004); (34) — Stephanian C macroflora (Simunek in Pesek, 2004), Spiloblattina lawrenceana and Sysciophlebia
rubida-zone (Schneider, 1982); (35) — Autunian macroflora (Pesek, 2004); (36) — Stephanian to Autunian macroflora (Simunek in Pesek, 2004).
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aeolian transported well-rounded coarse sand grains
(saltation load). Supported by isotopic ages (see Fig. 9)
a coupling of this Late Artinskian wet phase could exist to
the much extended Pietermaritzburg marine transgression
in the Lower Ecca Group, South Africa.

3.5. Upper Rotliegend arid phase (Kungurian to
Capitanian)

During this time interval, widespread red beds were
deposited on dry fans, alluvial plains and in playa settings
as well in all European basins. In the Lodéve basin a
maximum of drought was reached in the Octon Member
of the Salagou Formation, the following M¢érifons
Member (see Section 2) show indications for increasing
precipitation rates under still semiarid conditions. In the
Saar—Nahe basin, most of the Standenbiihl Formation, in
the Thuringian Forest basin the Eisenach Formation and
parts of the Trutnov Formation in the Krkonose Piedmont
and the Intrasudetic basin as well are possibly equiva-
lents of the Octon Member, lower Salagou Formation.

3.6. Upper Rotliegend 1l/Zechstein wetness phase

During the Upper Rotliegend IT (about Wordian—
Capitanian) the huge 2500x600 km intracontinental
North German—Polish depression, the Southern Permian
basin, respectively, was formed by thermal subsidence
(Gast, 2003). It was dominated by desert playa and sabkha
sediments caused by an arid to semiarid climate. Alluvial
fans and dunes occurred especially at the southern basin
margin whereas saline lake deposits dominated in the
centre. Before the Zechstein transgression flooded the basin
completely, establishing full marine conditions, periodical
marine ingressions affected the Southern Permian Basin
during the Dethlingen and Hannover formations (Schneider
and Gebhardt, 1993; Gebhardt, 1994; Legler et al., 2005).
These marine ingressions in the Southern Permian Basin
together with the Upper Permian Bellerophon transgression
of the Southern Alps, has given a maritime print of regional
scale on the strong continental climate in Europe. This
relatively fast climatic change can correlate with the fast
change from dry playa facies of the Salagou Formation to
wet flood plain red beds of the La Lieude Formation in the
Lodéve basin. This change is characterised by the re-
occurrence of Scoyenia, rooted soils and calcisols instead of
formerly exclusive vertisols of the Salagou Formation.

4. Discussion of climate phenomena and conclusions

The general palacogeographic position of the here
discussed European basins, could roughly be estimated

based on the palacomagnetic data obtained in the Lodeéve
basin. The palacogeographic position of this basin
changed from about 5° south in the Tuilieres—Loiras
Formation, lower Sakmarian, to 10° north in the La Lieude
Formation, Wuchiapingian (pers. comm. V. Bachtadse;
Schiller, 2002). It passed the equator at about 275 Ma. At
present, the Lodéve basin is situated about 5° south of the
European basins discussed here. This value has not
changed much during Alpine orogeny, because all of these
basins are situated north of Alpine main deformation front.
Hence, the central European basins are situated in the Late
Permian maximally by about 15° north. It follows, these
basins altogether were placed within the equatorial belt
during the whole time, provided that palacoclimatic belts
were of similar extension and shape as recent ones (comp.
Ziegler, 1990). As shown in detail for the Lodéve basin,
Section 2, and in a more general outline in Section 3 for the
basins in Central Europe, climatic changes are observable,
which could not be explained simply by constantly in-
creasing aridity.

4.1. Seasonality of Permian climate and palaeogeo-
graphical models

Distinct laminated sediments of perennial lakes are
known at least since the Late Stephanian (Early Asselian)
and could be traced up to the last perennial lakes in the
topmost Lower Rotliegend or Sakmarian, respectively
(Schneider, 1996). They are interpreted as a result of an-
nual changes of wet and dry seasons of monsoonal climate
(Stapf, 1989; Schifer and Stamm, 1989; Schneider and
Gebhardt, 1993; Clausing and Boy, 2000). In the Lodéve
basin, similar distinct laminations are observed in the
lacustrine black shales and in the playa lake red beds as
well, see Section 2. This seasonality within the palaeo-
tropics has no recent analogy. It can be explained only by
the continental arrangement and its effects on atmospheric
circulation patterns. The huge landmasses in the northern
and southern mid-latitudes would generate a strong mon-
soonal climate. This has already been modelled by Parrish
(1993) and Kutzbach and Ziegler (1994). The zone of
Inter-Tropical Convergence (ITC) was much more dis-
placed over the continent like today. After Kutzbach and
Ziegler (1994) it reached latitudes of about 30° north
respectively 30° south. In theory four seasons should
occur. Northern summer and winter dry seasons are
expected, because of the relatively large distance to the ITC
and its precipitation belt and the influence of trade winds.
Spring and autumn wet seasons occur while the ITC is
placed directly above the basins next to the equator. Com-
paring with Kutzbach and Ziegler (1994) it is obvious that
the trade winds arise from the continents. Therefore they
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could not bring along a lot of moisture. The moisture of the
ITC must have been obtained from the west, like it is today
over Africa. The large distance of the Panthalassic Ocean
stands in contradiction to these, if using present palacogeo-
graphic reconstructions (e.g., Golonka, 2000). Therefore a
new model is proposed here. It is based on the Late
Permian (255 Ma) map of Scotese (2002) (Fig. 10b). This
map is projected on a sphere with an actual Earth diameter.
The graticule of both Fig. 10 a and b is the same. Laurussia
is considered to be constant. So, Fig. 10a is no real
palacogeographic map. Only the relative arrangement of
Gondwana in respect to the northern continent is shown.

For explanation of these phenomena the post-Caledo-
nian orogens along the Gondwana—Laurussia suture
demonstrate that the collision processes took place from
Early Devonian to Late Permian. The existence of a
continuous trans-Pangean mountain chain with high
altitudes reaching from the Variscides to the Ouachita
Mountains, used for climatic modelling by Kutzbach and
Ziegler (1994) as well as Fluteau et al. (2001), requires
contemporaneous orogenic processes along the whole
plate boundary. Actually the individual orogens give
evidence for diachronic tectonothermal events. Particu-
larly with regard to uplift and exhumation processes
taking place in Early to Late Carboniferous and Permian
times, large differences exist between the European
Variscides, the Ouachita Mountains and the North
American Appalachian orogen, respectively. The climax
of high pressure metamorphism during Variscan orogeny
is reached at Early Carboniferous time. Strong erosion
and differential uplift accompanying the following rapid
exhumation and cooling of the high grade metamorphic
complexes. At the end of the Late Carboniferous, the
orogenic crust of Europe is equilibrated as far as possible
(Kroner et al., 2004). Finally, dextral transpression during
the Permocarboniferous is documented in local, small
scale tectonothermal events.

Late Carbonifereous arc/continent collision led to the
very low grade fold and thrust belt of the Ouachita Moun-
tains at the southern edge of Laurentia (Thomas, 1989).
There is no hint of large scale uplift and erosion at a
subsequent stage. The final closure of the Rheic Ocean
during the Permian, caused by the clockwise rotation of
Gondwana and contemporaneous shearing along the
South Atlas and Gibraltar Fracture Zone (Fig. 10a,b)
created the Alleghanian—Mauretanides orogen of North-
em America and Western Africa, respectively (Arthaud
and Matte, 1977; Ziegler, 1982). Convergent tectonics,
producing large scale fold and thrust belts, started in the
Late Carboniferous and ceased at the Late Permian. Tec-
tonothermal events, uplift and exhumation processes are
characteristic for the whole time span (Hatcher et al.,

1989). Large scale uplift and erosion lasted up to the
Triassic.

As a consequence of the processes delineated above, it
is very doubtful to operate with a Pangean wide mountain
chain at the Middle Permian. High altitudes should occur
in Appalachian and West African Mountain belts
(Mauretanide orogen) at this time. Compared with this,
in the region of the Ouachita Mountains and the European
Variscides a strong topography is ruled out. Furthermore
the reconstruction of the Late Palaeozoic plate movement
of Gondwana in relation to Laurussia (Fig. 10a) shows
that there is no need for a strong collision between South
America and Laurentia. Instead of this collision orogen,
used by many authors (e.g., Kutzbach and Ziegler, 1994;
Fluteau et al., 2001) an oceanic embayment from the
Panthalassia Ocean to the Mid-European areas persisted
at least from Early to Middle Permian times. This oceanic
embayment, which was situated in the low latitudes of
Pangea, would explain the marine Permian sediments,
mentioned by Benison and Goldstein (2000), in the
southwest of the Mid-Continent Basin (Utah, Colorado,
W-Wyoming).

Even with the present reconstruction (e.g., Golonka,
2000; Scotese, 2002) of the Early Permian Pangea, it is
no problem to obtain the moisture from the Panthalassia
Ocean. It should be beard in mind that the source of
atmospheric water was a much larger ocean compared to
the actual Atlantic Ocean. A continent wide precipita-
tion belt develops over north equatorial Africa in recent
northern summers sourced from the Atlantic Ocean. The
annual distribution of precipitation in central Africa,
Kongo and Uganda, is a well comparable recent anal-
ogon. But because of the much larger shift of the ITC in
Late Palaeozoic times, the summer and winter seasons
have been much dryer. This thesis is maintained by
climate proxies in the Lodéve basin (Section 2).

Recapitulating, an ever-wet tropical zone is not de-
veloped at the eastern low latitude margin of Pangea in
Stephanian to Early Permian times. The wide shift of the
ITC caused equatorial droughts in summer and winter. It
was already reported by Ziegler, A.M. (1990) and Witzke
(1990), that the ever-wet biome is well developed in
Cathaysia, but not at Pangea. But Ziegler, A.M. (1990,
p. 370) mentioned some scattered occurrences of the
everwet biome in the western and central equatorial
Pangea (Texas, Morocco, Spain). With the hypothesis
of'a wide shifting ITC, presented here, it is not to explain,
using actual reconstructions of Lower Permian Pangea.
Conditions, where tropical rainforests develop, occur
recently along the equator due to the ITC and elsewhere in
the tropics where trade winds bring warm moist air to
narrow (20—30 km) belts mainly along east-facing coasts
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(Ziegler, 1990). These coastal positions for the scattered
occurrence of everwet biomes (see above) are confirmed
by the new Pangea reconstruction presented here.

4.2. Dry and wet phases in European basins caused by
Gondwana glaciation cycles?

In Section 3, large scale modifications of the climate
during the general trend of aridisation are described. This
repeated change of dry and wet phases within the palaco-
tropic belt has to be explained. If plotting these more
humid phases on a stratigraphic correlation scheme, it is
striking that they fit well to the deglaciation cycles of the
Dwyka Group of the Karoo basin (Fig. 9). The strati-
graphy of Dwyka Group is very challenging, due to the
rarity or even lack of biostratigraphic relevant fossils.
Therefore the stratigraphic position of these sediments
was defined by isotopic ages. Data are published by
Bangert et al. (1994, 1999), Rohn and Stollhofen (2000),
Stollhofen (1999), Stollhofen et al. (1999, 2000). Visser
(1997) and Scheffler et al. (2003) dealt with the relative
sea-level during these times. The positioning of the trans-
gression- and regression-cycles in relation to the litho-
logic profile is the same by both authors. Differences
occur in the reference to absolute ages. This is possibly
only an artefact of state of knowledge and the using of
different timescales.

The humidity in Central Pangea increases towards the
top of every deglaciation cycle. In literature it is widely
accepted, that these cycles are of deepening upward
(transgressive) nature. The rhythms of sea level fluctuation
have a frequency of 5—7 Ma (Scheffler et al., 2003). This
duration is not known from any recent orbital frequency.
So, the cause of these undulations cannot be explained at
the moment, but the impact of the waxing and waning of
the Gondwanan glaciation is global traceable. It is not
represented everywhere as accurate as in the marine—
paralic Kansas cyclothemes (Heckel, 1999, 2002a,b).
Nevertheless, in our opinion these climatic signals could
be observed in the non-marine environments, too.

4.3. The Sakmarian/Artinskian climate event
Continental climate is influenced by topography, geo-

graphic position, arrangement of continents and oceanic
processes. The topography of the Permian Pangea is under

hard discussion. Different estimations exist for the altitude
range of the Variscan mountain chain, in excess up to
5000 m (Becg-Giraudon et al., 1996; Fluteau et al., 2001).
In our opinion the topography of the Variscids in the Early
Permian is similar to low mountain ranges like the recent
Erzgebirge (mean high 800—1000 m) or in maximum like
the recent Appalachians (mean high 1000—1300 m). This
could be supported by a simple mathematic equation.
Recent denudation rates of the western Himalayan
mountain range are published by Garzanti et al. (2005).
Using these values of 3.0+1.3 to 4.5+1.7 mm/a for a
simple linear calculation, which do not represent the truth,
the solution is surprising. In average it is about 3.5 mm/a.
In other units it looks like this, 3.5 km/Ma. This would
imply an erosion of 10 km within a time span of less than
3 Ma. This seems to be not very realistic. To bring it
down-to-earth using an erosion rate of 0.5 mm/a the
orogens roof of 10 km would be eroded during 20 Ma.
The Variscan mountain chain was situated next to the
equator, within the tropical belt, during the Early West-
phalian, when the main uplift and erosion took place.
Because of the undoubted thin vegetation cover and the
climatic conditions, the erosion was presumably stronger
than today. Capuzzo and Wetzel (2004) reported a rapid
removal of more than 5 km of upper Variscian crust in
Late Carboniferous times for the Salvan-Doréna intra-
montaneous basin. They justify their assumption by *°Ar/
“0Ar chronometry of white mica from subaerially cooled
volcanics in contrast to ages derived from the sedimentary
detritus above the volcanics. There are some events of
relief reactivation within the Pennsylvanian and Permian,
e.g., the Asturian-, Franconian-, Saalian-movements etc.
(Schneider et al., 1995a). But, these compressional move-
ments never reached the strength to build up a high
mountain chain again, like it is supposed for the Late
Mississippian culmination of orogeny. The maximum of
Variscan metamorphism occurred at 340 Ma and such
strong deformation rates are never replicated within the
Variscian orogeny (Kroner, 1995).

Apart from the absolute height of the mountains, it is
not under discussion that during the Sakmarian and Ar-
tinskian no dramatic change in topography occurred. Also
the geographic position and arrangement of Pangea did
not change dramatically at this time. So the cause for the
global climatic change is to be searched for in the oceans.
In our opinion there is a dramatic reorganisation of the

Fig. 10. (a, b) Reconstruction of the Late Palacozoic relative plate movement of Gondwana in relation to Laurussia between 300 Ma (a) and 255 Ma
(b). Laurussia is fixed to the grid. Reconstruction is made on a true sphere with recent Earth diameter. Due to spherical geometrical constraints at
300 Ma an oceanic embayment within the western Pangaea is necessary to explain the evolution of the Variscian to Ouachita orogen. By rotation of
Gondwana around the Eulerian pole shown in (a), the last part of the Rheic Ocean was closed at 255 Ma (b). Orthographic projection, map basis

created by Arne Schendel with ArcGis v.8.3.
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major worldwide ocean currents. These claims are hard to
prove, because no Permian oceanic crust is bequeathed.
But, there are some indications or potential evidences for
this hypothesis. Beauchamp and Baud (2002) describe the
intensified sedimentation of cherts along the western and
north-western margin of Pangea from the Sakmarian—
Artinskian boundary to the Permotriassic boundary. This
phenomenon is not caused by the permanent deepening of
the environment. The onset occurred with a maximum
flooding event and the ending of high-frequency/high-
amplitude glacioeustatic shelf cyclicity. On the contrary,
some authors (e.g., Visser, 2003) reported an overall drop
of sea-level in the Permocarboniferous. Beauchamp and
Baud (2002) attributed this Permian Chert Event (PCE) to
the onset of a cold and possibly upwelling parallel, coastal
current, which is induced by a presumably seasonal
melting northern sea-icecap. LePage et al. (2003) support
this idea by new discoveries of warm-temperate macro-
floras within Kungurian cold water carbonates of the
Canadian High Arctic. For modern oceans, such an icecap
is a necessary engine to keep the thermohaline circulation
in motion. Referring to Hay and Flogel (2004), the salinity
of the Palaecozoic oceans was much higher than today.
They modelled salinity data between 55 and 43 g/kg for
the Lower Permian. Compared to recent values of about
35 g/kg this would imply a weaker influence of salinity,
but a stronger effect of temperature to the density of water.
Ifaccepting this, an icecap, which existence is not proven,
is not necessary to force a thermohaline circulation. A
normal temperature gradient could be sufficient enough to
produce a pure thermal circulation. On the other hand, it is
well accepted in literature that the Permocarboniferous
Gondwana glaciation ends with the Asselian or at least with
the beginning of the Sakmarian (Dickins, 1996; Beau-
champ and Baud, 2002; Scheffler et al., 2003). Angiolini et
al. (2003) described the initial Tethys rift to proceed within
the Sakmarian. Also such plate-tectonic changes influence
the open seaways and thus the ocean currents. Taking all
these facts into consideration, the ocean — motor, heat
pump and climatic buffer — was totally rearranged near the
Asselian/Sakmarian boundary. The cool or cold current in
front of western Pangea would cause a cooling of the
westerly winds and a coastal desert was formed. The recent
Benguela current at the south-western margin of Africa is a
comparable example. The transport of moisture to the
continent is reorganised. Not as much atmospheric water as
before was transported to the northern Pangea as well as to
the southern part of the supercontinent. The end of the
Gondwana glaciation is possibly caused by the interruption
of moisture transport to the continent and the fact that the
snow accumulation rate decreases below the melting rate.
But until the causal problem of the multiple waxing and

waning of the glaciers is not solved, it is a chicken and egg
question.

This dramatic climatic change, which appears as an
aridisation on the northern and western Pangea should be
traceable over the whole world. For example Hembree et
al. (2004) described episodic, perhaps seasonal droughts
in the Permian costal plain of Kansas. They support their
hypothesis on amphibian burrows and ephemeral ponds
(Speiser Shale, Kansas).

Vysotskiy et al. (2004) reported continental evapo-
rates of Asselian to Sakmarian age in Belarus. In the
European basins this event is marked by the outspread-
ing red bed facies. The fast increasing aridisation is
interrupted by the Upper Rotliegend I wetness phase
(Late Artinskian/Early Kungurian; comp. Section 3.4.).
The maximum of aridity is reached during the Upper
Rotliegend arid phase (Kungurian to Capitanian; comp.
Section 3.5.).

The ongoing drying of Pangea can be easily ex-
plained by positive feedback effects and/or the before
mentioned Permian regressive trend (Visser, 2003). This
is supported by the occurrence of evaporites in the North
American Mid-Continent area, reported by Benison and
Goldstein (2000) for the Leonardian to Guadalupian
Opeche Shale of the Williston Basin. Weldon and Shi
(2003) showed that during Roadian and Wordian times,
cool water currents from Australia to Siberia, Mongolia
and Pamir are necessary to explain the distribution of
cold water adapted brachiopods. This coast parallel,
cool current could block moisture to be brought to the
continent from the east. This clench led to the maximum
of aridity in Pangea. Because of the lack, respectively
the rareness of sediments of this time slice, this maxi-
mum is not as easy detectable as the Gzhelian, Lower
Asselian and Asselian/Sakmarian wet phases.

The recovering to former more humid conditions did
not occur as sharp as the transition at the Asselian/
Sakmarian boundary.

Many processes are described in literature, which
could impact climatic development. At the moment we
are not able to line out the primary one. A good candidate
is the Wordian final Tethys opening described by
Angiolini et al. (2003). They also mention a simultaneous
transgression. Kotlyar et al. (2003) as well as Beauchamp
and Baud (2002) also published transgressions within this
time interval from different regions (Asia, Sverdrup
Basin, and Svalbard). Crustal reorganisation is also ex-
pressed by the basalts in the Northern Permian Basin
(Glennie, 2003), the thermal sagging of Europe (Gast,
2003), the China—Siberia collision (Deng, 2003) and the
eruption of the Emeishan flood basalts. Zhou et al. (2002)
dated this large igneous province (LIP) radiometricaly
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(*°°Pb/***U SHRIMP) to an age of 259+3 Ma. For
further discussions see Courtillot and Renne (2003). Ali et
al. (2002) presented palacomagnetic constrains to the date
of this LIP to be 1-1.5 Ma (at least two conodont zones)
younger than the Guadalupian/Lopingian boundary
(260.5 Ma Menning and German Stratigraphic Commis-
sion, 2002). Interestingly, this coincides with the first
marine incursions into the North German—Polish basin
via the Viking graben and Central rift. This heralds the
fast, possibly “catastrophically” flooding of the Central
European area by the Zechstein sea.
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