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A b strac t—The Permian was marked by transition from the glacioera to the thermoera, the last one in the geo
logical history. This global climatic reorganization followed the significant paleogeographic changes related to 
Pangea formation and preceded the major reorganization in the Earth’s biota that occurred in the terminal Per- 
m ian-initial Triassic. Climatic changes served as a coupling process in this chain of events. The analysis of cli
matic history makes it possible to estimate the role of climate in the cardinal reorganization o f the Late Paleo
zoic biosphere. The compiled one lithological-paleogeographic and two paleochmatic maps allowed recon
struction of the Early Permian climatic zonation. In the initial Permian, glaciations developed in high and 
middle latitudes of the Southern Hemisphere and resembled the Pleistocene glacial maximum. Later on, the ice 
shield gradually decreased and in the late Sakmarian-initial Artinskian, it approached the shape of a polar cap. 
Separate glaciation centers were preserved only in Antarctica until the end of the Permian. These climatic 
changes were not unidirectional and showed different-scale oscillations. The Permian climate was strongly 
influenced by the Pangea supercontinent. The asymmetric position o f continental blocks relative to the equator 
determined by an asymmetry in climatic zoning. It was particularly well manifested at the beginning of the Per
mian, when the glacial belt in the past continental southern hemisphere extended from  the pole to 40°-30°S. 
Correspondingly, other climatic belts in the southern hemisphere were reduced except for the arid one. To the 
contrary, the glacial belt was missing in the oceanic northern hemisphere, where most developed were semiarid 
and temperate belts. By the end of the Early Permian, the asymmetry in position o f climatic belts slightly 
decreased. Arid and semiarid climatic belts were widely developed in both hemispheres. The growing aridity 
of the Pangea supercontinent was caused by its huge dimension, orographic barriers, and successive regression 
of epicontinental seas and strengthened by the global postglacial warming.

Key w ords: Early Permian, glacial, cool-temperate, temperate, semiarid, arid, and equatorial climatic belts, 
climatic asymmetry, glaciations, oscillations.

INTRODUCTION

The Permian-Triassic interval of the geological his
tory was characterized by three peculiar features, which 
make it an attractiye object for the study of biosphere 
reorganizations. First, the geographic reorganization 
that resulted in the formation of principally new config
uration of oceans and single Gondwana supercontinent 
stretched from the South Pole to almost the Northern 
Pole terminated by its beginning. Second, this interval 
was marked by major climatic reorganizations: by tran
sition from the Gondwana glacial era (glacioera) to the 
Siberian ice-free era (thermoera) and by successive 
aridity growth in Pangea due to its huge dimension, 
occurrence of mountains isolating it from the ocean, 
regression of epicontinental seas, and general planetary 
warming.1 Third, the largest Phanerozoic biotic crisis 
that started in the mid-Late Permian, was particularly 
strong near the Permian-Triassic boundary and 1

1 This ice-free era is frequently termed the “Mesozoic Era,” but this 
is not quite correct because it spanned, in addition to the Meso
zoic, the early Cenozoic Era.

resulted in the replacement of the “Paleozoic evolution
ary fauna” by the Recent one (Sepkowski, 1990).

Thus, the geographic reorganization was followed 
by climatic and biotic ones. Their integral conse
quences were very significant. They imply that the 
entire biosphere was completely transformed during 
the Permian-Early Triassic from the “cool” (glacial) to 
the “warm” (ice-free) one. The climate served as a cou
pling agent in this reorganization. The analyzed dynam
ics climatic of history, first of all, the revealed climatic 
zoning makes it possible to estimate the role of climate 
in this biosphere reorganization and to elucidate rela
tionships between its main events.

In addition, the Permian-Triassic is the closest 
interval of geological history most suitable for investi
gations of transition from the glacial climate of the 
“cool biosphere” to the ice-free climate of the “warm 
biosphere.” The study of climatic changes during the 
Permian-Early Triassic and their consequences have 
therefore a great scientific and prognostic significance 
for the assessment of similar changes, which can occur 
in the future. The preceding, older transition from the



cool to warm state of biosphere occurred in the terminal 
Ordovician, and it is a substantially more complicated 
task to study this phenomenon because of many rea
sons.

Paleogeographic, biotic, partly sedimentological, 
and climatic events of the Permian have recently been 
discussed in several summarizing works (Embry et al., 
1994; Deynoux etal., 1994; Scholle et al., 1995; Mar
tini, 1997; Ziegler et al., 1998; Rees et al., 1999; 
Zharkov and Chumakov, 2001). In this paper therefore, 
we pay particular attention to evolution of the climatic 
zoning, which has not been considered at all or is char
acterized very briefly in these works. Our interpreta
tions are based on paleoclimatic reconstructions that 
reflect typical intervals of the Permian-initial Triassic 
climatic history. They were compiled using the tech
nique described earlier (Chumakov et al., 1995), maps 
of sedimentation settings (Zharkov and Chumakov, 
2001), paleogeographic data (Dobruskina, 1982,1994; 
Meyen, 1987; Durante, 1995; Grunt, 1995; Ignat’ev 
and Naugol’nykh, 2001; Grunt and Shi, 1997; Wnuk, 
1996; Shi and Grunt, 2000), and aforementioned and 
other paleoclimatic, paleobiogeographic, and geologi
cal materials available in publications. Difficulties in 
the global correlation of Permian and Lower Triassic 
deposits are well known. We used correlation schemes 
proposed for the International project “Pangea” (Ross 
and Ross, 1995). There are several other schemes 
slightly different from the latter (Kotlyar, 1997; Jin et al., 
1997; Kozur, 1998; Leonova, 1999; and others). Exist
ing uncertainties in correlation determine conditional 
character of age interpretations of proposed paleocli- 
matic reconstructions and considered events, though do 
not influence their essence and succession.

In this paper, we discuss climatic zoning and cli
matic history of the Early Permian Epoch, while the 
next one will be dedicated to the same aspects of the 
Late Permian-Early Triassic (Induan) and to general 
problems of climatic evolution during the Permian-ini
tial Triassic, its causes, and probable consequences.

CLIMATIC ZONING IN THE EARLY PERMIAN
The Early Permian climatic zoning was largely 

inherited from the Late Carboniferous one, but the 
trend of climatic changes was opposite in many 
respects. The tendency of cooling was gradually 
replaced by warming, and aridity of Pangea increased 
by the end of the Permian. Both processes cardinally 
changed the climatic zoning of the planet.

To reconstruct the Early Permian climatic zoning, 
we compiled, in addition to previously published litho- 
logical-paleogeographic map for the late Sakmarian- 
early Artinskian time (Zharkov and Chumakov, 2001), 
a similar map for the Asselian Age (Fig. 1) and two 
paleoclimatic maps for the late Asselian-early Sakmar- 
ian and late Sakmarian-early Asselian intervals 
(Figs. 2, 3). When compiling them, we used materials

published in a series of works (Bhattacharya, 1991; 
Collinson and Miller, 1991; Cole and McLachlan, 
1991; Geslin, 1998; Heckel, 1980; Isbell and Collinson, 
1991; Peterson, 1980; Rail, 1996; Stevens, 1991a, 
1991b; Tsubone et al., 1991; Wartiti et al., 1990; 
Wopfner, 1991), in addition to others mentioned in the 
text. The lithological-paleogeographic map demon
strates the sedimentation zoning at the moment of wid
est development of glaciation and complete formation 
of the collision orogenic system in central Pangea.

Below, we consider successively climatic belts of 
both hemispheres from high to low latitudes.

The southern glacial belt o f high and middle lati
tudes. Glaciations of southern Pangea represent most 
remarkable climatic events of the initial Permian. They 
were responsible for formation of the sublatitudinal 
glacial belt (Fig. 1— SG; Figs. 2, 3—G). The develop
ment history of this belt is intricate. Most complete gla
cial sections discussed below demonstrate repeated 
alternation of continental and glaciomarine sediments 
with interglacial deposits. This implies a succession of 
different-rank glacial and interglacial phases and rele
vant episodes of the belt expansion and reduction 
accompanied by glacioeustatic sea-level fluctuations 
and glacioisostatic changes in the continent topogra
phy. Even dating and correlation of major (glacial and 
interglacial) periods is sometimes very difficult because 
of a limited amount of organic remains in glacial sec
tions, endemic character of fauna and flora, and great 
facies variability of sediments. This explains discrep
ancy of age estimates and errors in spatial distribution 
of separate glacial episodes. Glaciations began in the 
mid-Carboniferous (Lopez-Gamundi, 1997), and the 
belt was evidently widest in the terminal Late Carbon
iferous-initial Early Permian.2 As many researchers 
believe now, the Early Permian glaciers were most 
widespread in the Asselian-Sakmarian time (Visser, 
1990, 1994, 1996, 1997; Visser et al., 1997; Frakes 
etal., 1992; Eyles and Young, 1994; Crowell, 1995; 
Dickins, 1996; Eyles et al., 1998; and others). Glacia
tion of that time spread over high and middle latitudes 
of South America, Africa (including Arabia and Mada
gascar), India, Tibet, and Australia. Its influence is also 
recorded in the Malacca-Burma block. Antarctica that 
surrounded the South Pole was probably entirely cov
ered by ice. The glacial belt was sometimes about 45°- 
60° wide (Figs. 1, 2). Ice shields and mountainous gla
ciers left numerous marks of glacial exaration (striated 
glacial bed with characteristic structures, trough val
leys, fiords), different tillites, fluvioglacial, lacustrine- 
glacial, and glaciomarine sediments in these continen
tal areas. Glaciomarine sediments are particularly 
widespread, because they were rapidly buried in vast

2 The width of glacial belts and the total ice volume on the Earth 
are not strictly proportional. Judging from the eustatic and oxy
gen-isotope curves, as well as from mathematical modeling and 
calculated paleotemperatures (Gonzalez-Bonorino and Eyles, 
1995), the total ice volume was maximal at the beginning of the 
Middle Carboniferous.



Fig. 1. Lithologic-paleogeographic map for the Asselian-early Sakmarian period of the Early Permian: (1) land; (2) oceans; 
(3) mountains; (4) shelf seas with terrigenous sedimentation; (5) carbonate platforms; (6) carbonate reefal deposits; (7) shelf seas 
with terrigenous-carbonate sedimentation; (8) evaporite-carbonate platforms; (9) inner sulfate-carbonate and sebkha basins that 
accumulated terrigenous red beds; (10) anoxic (black shale) basins; (11) epicontinental and coastal alluvial and alluvial-lacustrine 
basins in humid zones; (12) coal-bearing basins; (13) red bed terrigenous coal-bearing basins; (14) epicontinental and coastal allu
vial, eolian, and lacustrine basins with red beds in arid zones; (15) basins of volcanogenic-terrigenous continental sedimentation; 
(16-a) epicontinental and coastal alluvial, lacustrine, sebkha, and saliferous basins with terrigenous red beds and gypsum-bearing 
strata; (16-b) saliferous basins; (17) glaciomarine and glacial deposits; (18) continental glacial deposits; (19) epicontinental basins 
with gray terrigenous and volcanogenic sediments; (20) terrigenous-volcanogenic complexes of island arcs; (21) turbidite troughs; 
(22) past coastal lines; (23) modem coastal lines, boundaries of sedimentary basins and lithologic-paleogeographic zones; (24) 
boundaries of sedimentation belts; (25) subduction zones. Letter symbols: (SG) southern glacial; (SH) southern humid, coal-bear
ing; (SA) southern arid; (EM) equatorial mountainous; (TE) tropical-equatorial; (NA) northern arid evaporite; (NS) northern semi- 
arid; (NH) northern humid, coal-bearing; (W. Iran) western Iran; (C. Iran) central Iran.

sedimentation basins in contrast to continental glacial 
deposits. Glaciomarine sediments accumulated under 
the influence of shelf glaciers, thawing waters, and ice
bergs. They were reworked to a different extent by the 
underwater colluvial processes. In the late Sakmarian- 
initial Artinskian, glaciers retreated everywhere and the 
glacial belt became narrower. Its northern boundary 
was located near the Antarctic Circle (Fig. 3). This 
interpretation is based on regional correlation and on 
faunal, palynological, and isotopic data obtained for the 
Dwyka Group of South Africa (Visser, 1990, 1997; 
Stollhofen et al., 2000), several Upper Paleozoic glacial 
successions of Australia (Dickins, 1996; Eyles et al., 
1998; and others), and for the Itarare Group of South 
America (Franca, 1994; Santos etal., 1996).

In the initial Early Permian, the Karroo, Kalahari, 
and Karasburg basins of South Africa accumulated a

thick sequence of glacial deposits—the upper part of 
the Dwyka Group (up to 700 m thick).3 Along periph
ery of the basins and on separating uplifts, the group is 
composed of continental glacial sediments, and mainly 
glaciomarine sediments are characteristic of central and 
southwestern parts of basins. Glaciers advanced in the 
basins probably twice (in the Asselian and Sakmarian) 
and subsequently retreated (in the terminal Asselian- 
initial Sakmarian and at the beginning of the Artinskian 
Age). The last signs of ice rafting are recorded in South 
Africa at the base of the Ecca Group and in the lower 
part of the Prince Albert Formation that is likely of the 
Artinskian age (Visser, 1994). The low degree of terrig
enous material weathering in overlying deposits allows 
some authors to assume that some glaciation centers

3 Hereinafter, we follow the stratigraphic scheme elaborated for 
South Africa by Visser (1990,1997).
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Fig. 2. Climatic zoning of the Asselian-early Sakmarian time with paleontological climatic indicators: (1) cold-resistant North Sibe
rian vegetation, (2) moderately cold-resistant Siberian vegetation, (3) thermophilic Subangarida vegetation, (4) thermophilic 
Euramerian vegetation and also vegetation similar to the Euramerian one in the Arabian and Burma-Malacca regions, (5) thermo- 
and hygrophilic vegetation of the Cathaysian type in (a) North and (b) South Chinese floral regions, (6) thermophilic vegetation of 
the Southern Hemisphere (Gondwanan vegetation with elements of the Euramerian and/or Cathaysian floras in Africa), (7) moder
ately thermophilic vegetation of the Gondwanan Kingdom in (a) Australian-American and (b) Argentinean-Brazilian regions, 
(8) moderately cold-resistant vegetation of the Gondwanan Kingdom (Glossopteris floral region), (9) cold-resistant vegetation of 
die Gondwanan Kingdom (Gangamopteris floral region), (10) main localities of palynoflora in corresponding phytochores, 
(11) boundaries of some phytochores, (12) assemblages of shelf invertebrate fauna (after Grunt, 1995; Gnint and Shi, 1997) of 
(a) high-boreal, (b) low-boreal, (c) tropical (paleoequatorial), and (d) notal types, (13) northern and southern distribution boundaries 
of Early Permian conodonts (after Wardlaw, 1995); (14-29) lithological indicators: (14) mainly continental glacial and interglacial 
deposits, (15) directions of glacier movements, (16) fossil trough valleys, (17) glaciation centers, (18) mainly marine and glaciom- 
arine deposits, (19) assumed glacial deposits, (20) coals; (21) bauxites, laterites, (22) humid soils, (23) carbonate, red, and varie
gated (partly gleyed) soils and calcretes, (24) gypsum and anhydrite, (25) stone, potassium, and other salts, (26) arid red beds, 
(27) eolian deposits, (28) carbonate platforms, (29) reefs (after Kiessling et a l , 1999); (30-33) some geographic elements: (30) 
modem shore lines, (31) past shore lines, (32) mountains, (33) volcanic chains; (34) boundaries of climatic belts. Letter symbols 
for climatic belts: (G) glacial, (SCT) southern cool-temperate, (NT, ST) northern and southern temperate, (NS, SS) northern and 
southern semiarid, (NA, SA) northern and southern arid, (EM) equatorial mountainous, (TE) tropical-equatorial.

could exist longer, up to the Kungurian Age (Visser and 
Young, 1990; Visser, 1994). The influence of different 
glaciation centers changed with time. In the Asselian 
Age, sedimentation was mainly affected by ice shields 
located in the northeast (Transvaal, Botswana, and 
Namibia), but later on, most influential were glaciation 
centers located in Antarctica, east and southeast of the 
South African Republic (Visser, 1997; Visser et al., 
1997). Simultaneously, glaciers advancing in the west- 
northwestern direction along trough valleys from the

Namibian glaciation centers crossed ancient rises of 
western Namibia to reach the eastern flank of the 
Parana basin in South America. This is evident from 
preserved pre-glacial topography, glacial bed struc
tures, and boulder orientations in tillites (Martin, 1981; 
Santos et al., 1996). Marginal parts of the Parana basin 
accumulated tillites, fluvioglacial and lacustrine-gla
cial deposits; ice-rafted deposits are present in the cen
tral basin parts.



Fig. 3. Climatic zoning of the late Sakmarian-early Artinskian time (symbols as in Fig. 2).

During the Asselian-Sakmarian maximum, glaciers 
of Africa reached Gabon (Hambrey, 1981), Zair (Cahen 
and Lepersonne, 1981), and the southern Arabian Pen
insula (Levell et al., 1988; Alsharhan and Naim, 1995; 
Stephenson, 1999). Thus, the northern boundary of the 
glacial belt in Africa was located near the paleolatitudes 
of 30°-40°S.

In Australia, the Lower Permian glacial deposits are 
preserved in numerous sedimentary basins distributed 
from the eastern coast of the continent and Tasmania in 
the south to the Jose Bonaparte Bay in the north (Lind
say, 1997). According to many researchers, Permian 
glaciations in Australia began in the Sakmarian and 
lasted, decreasing discretely during the Artinskian and 
Kungurian ages, at lest until the end of the epoch (Eyles 
et al., 1998) and further, in the Kazanian (Crowell and 
Frakes, 1971; Frakes 1979), and even Tatarian time 
(Herbert, 1981; Veevers et al., 1994). Other researchers 
suggest that glaciation in Australia was of the Asselian- 
early Sakmarian age, and that ice covers did not exist 
after this period (Dickins, 1996; Lindsay, 1997). In 
opinion of Dickins, the period from that glaciation to 
the Kazanian Age corresponded to fourfold alternation 
of cooling and warming phases. Cooling episodes are 
evident from dropstones (evidence of iceberg or sea
sonal ice rafting) and glendonites, while warm periods 
left behind kaolin, bauxites, and Tethyan invertebrates 
in deposits (Dickins, 1996). The contrasting character 
of these indicators and abundance of ice-rafted drop- 
stones in Artinskian and Kungurian strata (Spry and 
Banks, 1962; Eyles et al., 1998) cast doubt on the con

clusion that glaciations terminated in Australia before 
the late Sakmarian time.

During the periods of maximum glaciation, ice 
shields and mountainous glaciers evidently covered the 
greatest part of Australia (Crowell and Frakes, 1971; 
Frakes, 1979) and probably advanced to the northern 
coast of the continent. Most significant glaciation cen
ters were in the western, central, and southern parts of 
Australia (Lindsay, 1997) and in the Great Artesian 
Basin (Frakes, 1979). A thick ice sheet covered moun
tains along the eastern coast of the continent. Structures 
of glacial beds and tillites imply that glaciers advanced 
into the southern coastal area of Australia from the 
southeast, i.e., from Antarctica (Lindsay, 1997; Bour- 
man and Alley, 1999). Antarctica supplied southeastern 
Australia mainly with the ice-rafted material. The gla
cial material was partly transported also from local 
mountainous centers (Eyles et al., 1998). From north
western and northern Australia, glaciers apparently 
advanced into sea basins of the Himalayas, Tibet, and, 
probably, the Malacca-Burma block, transporting the 
coarse ice-rafted material in these areas (Lindsay, 1997; 
Wopfer and Gasshyap, 1997).

In Australia, short climatic oscillations of different 
ranks complicated the main glacial periods, which 
lasted as long as several millions of years. For instance, 
four to five thick glacial members separated by intergla
cial deposits are registered in the Asselian Lyons For
mation of glaciomarine sediments on West Australia 
(Condon, 1967; Dickins, 1985). Every glacial member 
consists of four to six smaller glacial submembers also 
separated by interglacial deposits (Condon, 1967). The



average duration of episodes corresponding to glacial 
and inteiglacial members and submembers did not 
exceed 1.00-1.25 and 0.18-0.46 m.y, respectively 
(Chumakov, 1985; Veevers and Powell, 1987). Some 
researchers report on signs of glaciation events in sec
tions of southeastern Australia, which resemble the 
Pleistocene Heinrich events (Eyles etal., 1997). Glacial 
oscillations are registered also in the Tillite Wynyard 
Formation of Tasmania that is composed of nine tillite 
members separated by sediments with marine fossils 
(Spry and Banks, 1962).

In South America, the Upper Permian glacial depos
its are known from several basins southward of 10°S (in 
modem coordinates). The largest Parana Basin in 
southern Brazil is as large as 1200 x 1200 km. The 
Itarare Group corresponds to Upper Paleozoic glacial 
deposits of the basin, which are up to 1400 m thick. The 
largest upper part of the sequence (locally as thick as 
1200 m) is referred to the Lower Permian. Viewpoints 
on its stratigraphic range are different. At present, some 
researchers believe that it spans the Asselian-Sakmar- 
ian (Santos et al., 1996; Stephenson, 1999) or Asse- 
lian-Artinskian (Franca, 1994) interval, while others 
suggest that uppermost beds are of the Kungurian age. 
Like the Lower Permian glacial sections in other conti
nents, the Itarare Group demonstrates the repeated (at 
least sevenfold; Rocha-Campos etal., 1999) alternation 
of continental and glaciomarine facies deposited during 
glacial and interglacial episodes; the latter were fre
quently responsible for the coal accumulation. South 
America hosted several centers of Permian glaciation. 
As was noted, glaciers advanced from the southeast, 
i.e., from South Africa, into the eastern Parana Basin 
and from the Asuncion uplift into its western areas 
(Franca, 1994). The occurrence of Permian glacial 
deposits in the northeastern part of the Brazil Rondonia 
State implies that glaciation centers also existed north 
of the Parana Basin (Rocha-Campos, 1981). Into the 
Setgipe-Alagoas trough (the San Francisku River 
mouth area), the glacier penetrated from the Kongo 
River basin of equatorial Africa, probably moving via 
Gabon (Santos et al., 1996; Visser, 1997). As is evident 
from distribution of Permian deposits in South Amer
ica, the glacier reached the paleolatitude of 30°S.

Signs of Permian glaciations are also rather abun
dant in southern Asia. They are recorded in northeast
ern and northwestern India (Radjustan), northern Paki
stan, in the Himalayas (from Pakistan in the west to 
Assam in the east, Hambrey et al., 1981), in many sec
tions of the Tibet from the Karakorum Ridge in the west 
to the Saluin River in the east and from Lhasa in the 
south to foothills of the Kuen Lun Mountains in the 
north (Metcalfe, 1994). In the Hindustan Peninsula, 
glacial deposits are preserved in numerous grabens at 
the base of Sakmarian-Artinskian Talchir Formation 
(Chandra, 1992). These sections predominantly consist 
of continental facies: tillites, boulder conglomerates, 
and other glacial sediments. Locally, the sections are 
crowned with glaciomarine sediments. In many places,

the Talchir Formation overlies the glacier bed with 
peculiar indications of glacial exaration. The striation 
on the bed and orientation of elongated rock fragments 
point, with rare exceptions, to the general northeastern 
movement of glaciers during the Permian (Ahmad, 
1981), when they advanced toward the Himalayas 
where mainly glaciomarine deposits occur. In the east
ern Hindustan Peninsula, orientation of striation 
implies that glaciers moved from Antarctica adjoining 
the peninsula in the south. All these data and replace
ment of continental glacial deposits in the Himalayas 
and Tibet with glaciomarine ones indicate, contrary to 
the widespread opinion that only local ice domes 
existed in the peninsula, the northeastward movement 
of glaciers from Antarctica, via India, into an epiconti
nental sea located in the marginal part of Gondwana.

The Upper Paleozoic glacial deposits are known in 
the Transantarctic Mountains, along periphery of the 
Ronne Glacier, and in the western Queen Mod Land in 
the Atlantic segment of Antarctica (Hambrey et al., 
1981). In the Transantarctic Mountains, glacial deposits 
are 300 to 1000 m thick and fill in several sedimentary 
basins. They are represented here by continental and 
glaciomarine facies. According to palynological data, 
their stratigraphic range corresponds to the Carbonifer
ous-Early Permian. The occurrence patterns of glacial 
sequences and directions of glaciers responsible for 
their accumulation (Isbell et al., 1997) allow an 
assumption that some of the basins originated in 
response to glacial erosion (Isbell and Cueno, 1996). 
The contemporary ice cover is an obstacle for the 
detailed reconstruction of Late Paleozoic glaciations in 
Antarctica. Nevertheless, the fact that glaciers from this 
continent reached South Africa, India, and South Aus
tralia in the Early Permian time implies two conclu
sions: first, the Antarctic continent experienced strong 
glaciation at that time, and second, the glaciation lasted 
here until the Artinskian Age at least, because Antarctic 
glaciers still reached South Africa in the west (Visser, 
1997) and India in the east (Ahmad, 1981; Chandra, 
1992) at the beginning of this age. Antarctic icebergs 
continued to transport intermittently coarse detrital 
material to southeastern Australia until the Kungurian 
Age (Eyles etal., 1998) or even until the end of the Late 
Permian epoch (Veevers et al., 1994).

Despite the prevalence of glacial settings in the cli
matic belt under consideration, its marginal periglacial 
and even central (during interglacials) zones hosted 
vegetation and bogs, which accumulated peat subse
quently transformed into coal seams. The interglacial 
floras and coals are known in southeastern Australia 
and South America. It is assumed that the peat accumu
lated after glacioeustatic transgressions in coastal bogs 
and river floodplains during the postglacial isostatic 
emergence of the region (Santos et al., 1996; Bustin, 
1997) or glacioeustatic sea-level falls (Michaelson and 
Henderson, 2000). The interglacial climate was suffi
ciently cool, as it is evident from the cold-resistant 
affinity of the primary vegetation and from occurrence



of solifluction, ice wedges, and impressions of ice crys
tals in coal-bearing rocks, which reveal admixture of 
fresh feldspar grains and enclose coarse ice-rafted 
material (Bustin, 1997; Martini, 1997; Eyles et al., 
1998; Michaelson and Henderson, 2000).

Vegetation of interglacial periods and that of peri- 
glacial margins of the belt was very impoverished. The 
initial Permian in Australia (Retallack, 1980) and South 
America (Guerra-Sommer et al., 1999) was a time of 
wide development of herbaceous “tundra” and shrub 
pteridosperms (Botrychiopsis). Later on, this flora was 
supplemented by and then replaced with the dwarfish 
arboreal vegetation of the “taiga” affinity. The latter 
consisted mainly of probably deciduous Gangamopt- 
eris that could grow in permafrost areas (Retallack, 
1980). This vegetation is known under the name “Gan- 
gamopteris floral assemblage” (Gangamopteris florula 
according to Retallack, 1980; Gangamopteris region 
after Wnuk, 1996). In Australia, Antarctica, Africa, and 
India, the impoverished flora (Cuneo, 1996) consisted 
of cold-resistant plants locally associated with tillites 
(Chandra, 1992) and permafrost signs (Retallack, 
1980). In India, Gangamopteris remains occur in asso
ciation with conchostracan and small insects (Chandra, 
1992), and in Antarctica, interglacial deposits enclose 
remains and fucoids of freshwater crayfish. Judging 
from habitat conditions of modem crayfishes, some 
researchers believe that temperature in rivers and lakes 
of Antarctica could be as high as +10-+20°C during the 
Permian interglacial summers (Babcock et al., 1998).

Sufficiently warm summer seasons of interglacial 
phases is also inferred from finds of fossilized stumps 
up to lm  in diameter in the Transantarctic Mountains. 
TTiese remains probably belong to Glossopteris and 
partly occur in their life-time position. They have wide 
(up to 14 mm) summer-spring growth rings. Numerous 
cell layers in every ring point to favorable conditions 
for these trees during their vegetative period that lasted, 
as is roughly estimated, 48 days (Francis et al., 1994). 
According to palynological assemblages, the enclosing 
rocks are of the late Early Permian age. The area with 
wood remains was situated at that time at the paleolati- 
tudes of 80°-85°, where the dark polar period lasted at 
least 140-165 days. It can be assumed therefore that the 
interglacial summer season in high latitudes of the 
Southern Hemisphere was mostly unfavorable for arbo
real vegetation because of low temperatures. Perigla- 
cial conditions remained also for some time after the 
glacier retreat. They were appropriate for development 
of the Gangamopteris assemblage, ice rafting, bog for
mation, and peat accumulation (Chandra, 1992; Isbell 
et al., 1997; Smith et al., 1998). During the glacier 
retreating and permafrost degradation, the Gangamop
teris floral assemblage gave place to the more thermo
philic Glossopteris flora, which completely substituted 
the Gangamopteris flora in Australia only by the end of 
the Late Permian. The period when the Glossopteris 
assemblage became prevalent can be considered as a 
time of eventual degradation of the Early Permian gla

cial belt in Gondwana. In South America, particularly, 
in Patagonia, vegetation was more diverse and thermo
philic since the beginning of the Early Permian (Cuneo, 
19%) despite the proximity of the glacial belt and pen
etration of South African glaciers into the Parana Basin 
located slightly westward (Santos et al., 1996). This 
anomaly was probably related to the insular position of 
Patagonia, otherwise this flora can be of a younger age. 
Some researchers argue that the Patagonia block was 
separated from West Gondwana and situated during the 
Permian within lower latitudes than it is now believed 
(Cuneo, 19%). In Brazil, the Lower Permian flora 
resembled in composition the Glossopteris assemblage 
(Wnuk, 1996), although Gangamopteris forms pre
vailed locally in this region as well (Rocha-Campos and 
Santos, 1981).

Sea basins adjacent to glaciation regions and flood 
areas of interglacial glacioeustatic transgressions were 
populated by peculiar cold-resistant Eurydesma fauna, 
as it is frequently termed. This fauna was widespread in 
Australia, South Africa, India, Himalayas, Tibet, and 
southern Afghanistan (Termier et al., 1973). It is also 
known in South America (Amos and Lopez Gamundi, 
1981; Santos etal., 1996). Some representatives of the 
Eurydesma fauna occur in the southern Pamirs (Grunt 
and Novikov, 1994). The Eurydesma fauna represented 
an impoverished variant of the Notal (Gondwanan, 
Australian) fauna (Runnegar, 1984). It was lacking 
fusulinids, reef-forming brachiopods, Rugosa, con- 
odonts, and other thermophilic groups and was fre
quently associated with glaciomarine sediments and 
glendonites.4 Bipolar forms represented significant 
components of this biota (Runnegar, 1984; Shi and 
Grunt, 2000).

The southern cold-temperate humid belt. In the ter
minal Sakmarian-initial Artinskian, when the Gond
wanan glacial zone became significantly narrower and 
retreated toward the Antarctic Circle, a narrow (10°- 
15°) belt with prevalent temperate to cool climatic con
ditions formed immediately north of the glacial zone 
(Fig. 3, SCT). Numerous Lower Permian coal deposits 
of Australia, India, South Africa, and South America 
are situated in this belt. Relatively small local glacia
tion centers occurred sometimes within this belt, and 
tongues of Antarctic glaciers simultaneously reached 
the belt from the south. As was mentioned, the terminal 
Sakmarian-initial Artinskian glacial episodes are 
recorded in South Africa (Visser, 1997). The formation 
centers of local glaciers coincided with elevated areas. 
The glaciers moved mainly in the northwestern direc
tion to the Parana Basin leaving behind mostly glaci
omarine sequences. During glacial episodes, Antarctic 
glaciers reached eastern India (Ahmad, 1981; Chandra,

4 The Notal biota of the Permian time was of a low generic diver
sity in general. For instance, the number of its brachiopod genera 
was six to eight times lower than in the tropical biota. Even in 
eastern Australia, the generic diversity of Permian brachiopods 
and bivalves decreased twice in the north-south direction with 
parallel decline of Rugosa abundance until the extinction.



1992). Small glaciation centers could probably appear 
in mountains of eastern Australia. The adjacent Sidney 
Basin received, in addition, a large amount of the ice- 
rafted material from Antarctica (Eyles et al., 1997).

Nevertheless, climate in the belt under consideration 
was temperate to cool and humid despite some glacial 
episodes. This is evident from a wide distribution of the 
early Glossopteris floral assemblage reviling a notable 
percentage of Gangamopteris forms. Judging from the 
leaf accumulation, stem dimensions, wood and root 
structures, and abundant coal seams, this vegetation can 
be classed with the boggy deciduous forests with fern 
and horsetail underbrush (Retallack, 1980; Chandra, 
1992). In the more arid areas, conifers represented sub
ordinate components. The Glossopteris forests were 
populated by amphibians, reptilians, and large neu- 
ropterous insects (Chandra, 1992).

The proximity of the glacial belts determined to a 
significant extent the climate in adjacent sea basins. 
They accumulated locally ice-rafted sediments and 
were populated by the Notal fauna of the Eurydesma 
type. Seas of western Australia and Himalayan India 
near the northern boundary of the belt were populated 
by more thermophilic fauna (Indian province of the 
Gondwanan paleogeographic region according to Run- 
negar, 1984).

The southern temperate humid belt o f middle lati
tudes. The available data indicate that climate of the 
Asselian-initial Sakmarian period was locally temper
ate and humid in the low middle latitudes (30ô 40°S) of 
the Southern Hemisphere (Fig. 1, SH; Fig. 2, ST). TTiis 
was characteristic of relatively limited areas, which did 
not form a continuous latitudinal belt. Indications of 
such a climate are known only from the central part of 
the Arabian block, where terrigenous sequences 
enclose thin coal seams (Alsharhan and Naim, 1995) 
and yield the Cathaysian palynological assemblage that 
show admixture of Euramerian and Gondwanan taxa 
(Utting and Piasecki, 1995). Coals and composition of 
palynological spectra point to a sufficiently humid and 
warm climate of the territory in question located on the 
leeward monsoon-influenced margin of Pangea. West
ward, this narrow band of the temperate humid climate 
is not traceable, because the gypsum-bearing red beds 
and eolian deposits are distributed close to the develop
ment area of glacial deposits in South America (Figs. 1, 
2). Accordingly, we may assume that the temperate 
humid belt was missing here, and the glacial belt imme
diately contacted in the north with the arid one.

The northern temperate humid belt o f middle and 
high latitudes. In the Early Permian, the entire northern 
part of Pangea, from the Arctic coast to paleolatitudes 
of 35°—40°N, was occupied by a wide belt of arboreal 
vegetation that was of Siberian phytogeographic type 
and gave rise to an intense coal accumulation (Fig. 1, 
NH; Figs. 2, 3, NT). Preponderant arboreal taxa of the 
belt were cordaites whose pycnoxilic wood had distinct 
growth rings indicative of the temperate climatic condi

tions. Some researchers compare that Siberian phyto
geographic region with contemporary Boreal forests 
and conditionally apply term “Cordaitean taiga” to its 
vegetation (Durante, 1995). The Amuria continent of 
formerly amalgamated Primor’e, Transbaikal region, 
and Mongolia was evidently located within the same 
belt north of Siberia proper. This is evident from a wide 
development of the Siberian flora in that continent 
(Durante, 1995) and from remains of highly boreal 
fauna (Gmnt, 1995). Remains of Siberian-type flora are 
also known from the Sakmarian deposits of the Cana
dian Arctic Archipelago (Wnuk, 1996). Thus, the north
ern temperate belt extended into the western part of 
Pangea.

The Siberian segment of Pangea extended far to the 
north in the Early Permian time (75°N according to 
Scotese and Langford, 1995; 80°N according to Ziegler 
et al., 1997, 1998; about 68°N according to Parfenov 
etal., 1999). If these data are correct, a presumable 
width of the northern temperate belt could be as wide as 
35°-45°. According to Durante (1995), floral assem
blages of a uniform Siberian composition occur up to 
the Okhotsk massif that was located near the northern
most boundary of Pangea. Nevertheless, some 
researchers tend to distinguish the South and less 
diverse North Siberian floras (Wnuk, 1992). Sea basins 
adjacent to the northern part of the belt lacked fusulin- 
ids (Leven, 1993) and conodonts (Wardlaw, 1995). Tak
ing into consideration the aforementioned facts and a 
large width of the belt, we may assume that climate 
within the belt was variable and noticeably cooler in its 
northern areas. There are some indications of ice-rafted 
or glacial deposits in the Lower Permian sections of 
Siberia (Bobin, 1940; Andrianov, 1966), although their 
origin is debatable (Vikhert, 1957; and others) and 
unproven so far (Chumakov, 1994). Using these data, it 
is impossible do define the northern glacial belt, and 
only local glaciers, if there were any, could sporadically 
develop during the Early Permian in northern Siberia, 
where the temperate cool climate dominated.

Shelf seas of the belt under consideration were popu
lated by the highly boreal invertebrate fauna (Grunt, 
1995) that was of a low diversity and lacked colonial cor
als, fusulinids, and other thermophilic forms, though it 
shows presence of bipolar taxa (Ustritskii, 1993; Shi and 
Grunt, 2000; and others). Only areas near the southern 
boundary of the belt, in its western part, hosted more 
thermophilic low-boreal assemblages (Grunt, 1995).

The southern temperate semiarid belt o f middle lat
itudes. In the terminal Sakmarian-initial Artinskian, a 
narrow semiarid belt 5°-15° wide appeared between 
the paleolatitudes of 40°-45° and 50°-55°S, where 
land areas were formerly ice-covered and begun to 
accumulate terrigenous, usually slightly calcareous red 
beds (Fig. 3, SS).5 Significant amid them were alluvial

5 Considering arid zones of the past, we call them “semiarid” fol
lowing the definition and classification accepted in maps pub
lished by UNESCO (Shantz, 1958).



and lacustrine, sediments and fan deposits of seasonal 
flows. Sedimentation settings favorable for coal accu
mulation were missing. These features suggest that cli
mate in the belt was arid in general, with short humid 
seasons responsible for appearance of branching and 
wandering short-term flows, and lakes. Proportions of 
alluvial and lacustrine facies in sections are variable, 
implying annual and secular moisture variations. The 
temperature was probably moderate. This can be 
inferred from the belt proximity to glaciation centers 
that episodically formed in the neighboring temperate 
cold belt and also from the occurrence of ice-rafted 
deposits in the Parana Basin (Santos et al., 1996). This 
conclusion is also supported by terrestrial Glossopteris 
flora found in land areas (Wnuk, 1996), by wide devel
opment of Notal fauna in shelf seas (Grunt, 1995), 
where conodonts were scarce or completely absent 
(Wardlaw, 1995), and by the intermediate position of 
the belt between the temperate cold and typical warm 
arid ones (Fig. 3).

The northern warm semiarid belt o f low latitudes. In 
distinction from its southern counterpart, the northern 
semiarid belt of middle and low paleolatitudes was suf
ficiently wide (15°-20°). During the Asselian Age, it 
was situated between 40°-45° and 15°-30°N (Figs. 1, 
2, NS), while in the terminal Sakmarian-initial Artin- 
skian it slightly widened southward, particularly in the 
Eurasian segment (Fig. 3). Later on, in the Kungurian 
Age, the belt shifted slightly northward. Land areas of 
the belt accumulated terrigenous, frequently calcareous 
alluvial-lacustrine sediments. Their sequences along 
coasts of lakes and epicontinental or shelf seas enclose 
sebkha deposits and caliche. In southern Kazakhstan, 
they host continental sulfate-sodium salts pointing to 
alternation of warm humid and cold arid seasons. As 
Zherebtsova (1977) estimated, the salts’ formation tem
peratures were 20 to 30 and -5  to -15°C during warm 
and cold seasons, respectively. Such a wide tempera
ture range suggests that climatic conditions within the 
belt could fluctuate from temperate cool to subtropical. 
More definite are some seasonal characteristics of the 
climate: the monsoon-type moistening and large sea
sonal variations of temperature typical of the continen
tal climate.

Cool winter temperatures, as those indicated above, 
are now untypical of the same low latitudes and conflict 
with paleobotanical data characterizing the belt. In the 
Early Permian, vegetation of the belt was of the cor- 
daites-conifers-pteridosperm type and included ele
ments of tropical and Siberian floras usually associated 
with coal-free red beds. Proportions between tropical 
and Siberian forms in the flora were variable. Abun
dance of the latter increased in the Early Permian 
(Durante, 1995) that may be indicative of some cooling. 
In general, composition of this “Subangarida” flora 
implies the warm arid climate (Meyen, 1987; Durante, 
1995) and open landscapes. This conclusion well 
agrees with the aforementioned properties of continen
tal deposits and with composition of marine sediments

in inner and marginal epicontinental seas of the belt. In 
the eastern Russian platform, southern Barents Sea, and 
northern Canadian Arctic Archipelago, sea basins 
hosted gypsum-bearing evaporite carbonate platforms, 
very spacious sometimes and fringed by reefal build
ups. Sections in the southwestern Barents Sea (the 
Ottar basin and others) enclose salt-bearing deposits 
(Breivik et al., 1995; Stemmerik and Worsley, 1995). 
The basins were mainly populated by moderately ther
mophilic fauna of the low-boreal type, and only the 
East European sea hosted the Mediterranean fauna 
(Grunt, 1995). The reef-building Paleoaplisina forms 
characteristic of northern areas of the belt (Beauchamp, 
1995; Stemmerik and Worsley, 1995; Keissling et al., 
1999) could dwell, according to recent data, in moder
ately warm waters and were distributed mostly between 
the paleolatitudes of 25 and 45°N. Only in the western 
North American coast, they reached 15°N with the 
help, as is thought, of the cold anticyclonic Panthalassa 
coastal current (Keissling etal., 1999). This assumption 
is well consistent with the southward advance of the 
Subangarida flora in this region (Utting and Piasecki, 
1995). All these features are used to outline the north
ern semiarid belt in the North American segment of 
Pangea. In the south of the Eurasian belt segment, main 
reef-building organisms were represented by algae.

The northern arid belt o f low latitudes. The southern 
part of the Laurasian segment of Pangea was occupied 
by a vast arid belt (Figs. 2,3, NA).6 During the Asselian 
Age, this belt extended from the paleolatitude 15°N 
almost up to equator in the west and from 25°-30° to 
the Paleotethys coast in the east. In the terminal Sak
marian-initial Artinskian, the northern arid belt of Pan
gea was located between equator and 15°-20°N. Dur
ing this period, it widened southward and joined the 
southern arid belt along the eastern margin of the super
continent (Fig. 3). In the terminal Permian, the belt 
again slightly widened northward. In the east, along the 
Paleotethys coast, the belt was narrower and probably 
pinched out (Figs. 2,3). Land areas of the belt accumu
lated terrigenous, commonly gypsum-bearing sebkha 
and eolian (dunes) red beds. In the southwestern Mos
cow syneclise, Dnieper-Donets depression, and in 
western North America (Denver and Julesburg depres
sions, Supui Basin), saliferous sequences formed. In 
the Kungurian Age, areas and rates of salt accumulation 
in the northern arid belt significantly increased. Salifer
ous deposits accumulated in the Anadarko, Kansas, 
Julesburg, Williston, West Texas, and North Mexican, 
western North American, Central and East European 
basins (Zharkov, 1978). The initial thickness of the 
Kungurian saliferous sequence in the central part of the 
North Caspian depression (southern part of the East 
European basin) is estimated to be 4—5 km.

6 We combined in this case the arid proper and extra-arid zones, 
because the available geological data do not permit their discrim
ination in line with classification used in maps published by 
UNESCO (Shantz, 1958).



The belt in question was characterized by the ther
mophilic xerophilous Euramerian vegetation that was 
relatively impoverished and largely composed of coni
fers (Meyen, 1987; Wnuk, 1995). The spores-pollen 
spectra from the belt commonly show presence of pol
len of dessert and semidesert plants (Utting and 
Paiasecki, 1995). The climate aridity is also evident 
from sedimentation patterns in adjacent shelf seas, 
which hosted during the early Permian the accumula
tion settings of coastal gypsum-bearing sebkha deposits 
and spacious carbonate or evaporite-carbonate plat
forms (Zharkov and Chumakov, 2001). Remains of 
tropical fauna imply that sea basins were warm-water in 
general (Grunt, 1995).

The southern arid belt o f low and middle latitudes. 
In the Southern Hemisphere, the arid belt represented a 
zone of development of terrigenous red beds, frequent 
gypsum-bearing sebkha sequences and eolian dunes. It 
was slightly wider that the arid belt of Northern Hemi
sphere and mainly occupied the low latitudes (between 
the paleolatitudes of 10° and 30°N; Figs. 1, 2, SA). As 
was already noted, it bordered the glacial belt in the 
west and the temperate one in the east. When glaciers 
retreated in the terminal Sakmarian-initial Artinskian 
period, the southern arid belt considerably widened 
toward the middle latitudes to be located between the 
paleolatitudes of 0°-15° and 40°-45°S. In South Amer
ica, it included the vast saliferous Peruvian-Bolivian 
and evaporite Amazonian basins. The eastern part of the 
belt was occupied by the spacious Arabian and North 
Italian zones of evaporite-terrigenous-carbonate sedi
mentation (Zharkov and Chumakov, 2001). Thus, the 
southern arid belt became almost twice wider than its 
northern counterpart and was located farther from the 
equator (Fig. 3).

The plant and relevant palynological assemblages of 
the initial Permian, which are known from the belt, are 
of a mixed composition: the Euroamerian-Cathaysian 
in the north and Euramerian-Gondwanan in the south 
(Broutin et al., 1990; Wnuk, 1996). After the belt 
expansion, its phytobjogeographic features became 
rather intricate that was quite natural for the belt of 
huge dimensions. The northern part of the belt (North 
Africa) was populated by the Euramerian flora that 
mixed southerly (Central Africa) with the Gondwanan 
flora and slightly easterly (Turkey) with the Gond
wanan and Cathaysian floras (Meyen, 1987; Broutin 
et al., 1990; Wnuk, 1996). The last type of floras prob
ably indicates some humidity growth in the eastern 
peri-oceanic part of Central Pangea. The southern part 
of the belt under consideration belonged almost 
entirely to the Gondwanan floral kingdom. This seg
ment of the belt corresponds to the extended area with 
dispersed remains of the so-called Australian-African- 
American flora (Wnuk, 1996) that included arboreal 
ferns and lycopods, in addition to Glossopteris forms, 
and presumably was of the thermophilic type. Locali
ties of this flora are known near areas of gypsum-bear
ing sebkha and dune sand accumulation sites. This sug

gests that its development was connected with oases. 
The so-called “Argentinean-Brazilian desert flora” 
reflects cooler conditions. (Wnuk, 1996). It grew in the 
extreme southwest of the southern arid belt near the 
saliferous and gypsum-bearing basins along the bound
ary with the temperate semiarid belt. Some coniferous 
remains were found in this flora from eolian sands. 
Thus, the southern arid belt of Pangea shows a certain 
climatic differentiation from the warm climate in the 
north to the temperate warm or even temperate one in 
the south.

The eastern continuation of the southern arid belt is 
traceable in the southern part of the Tethys, where 
microcontinents of the southeastern part of the Kimme- 
rian arc host red beds and remains of the Euroamerian 
and Australian-African-American floras (the Burma- 
Malacca and New Guinea blocks, respectively; Wnuk, 
1996). Shelf and inner seas adjacent to the belt were 
characterized by development of coastal gypsum-bear
ing sebkhas (Zharkov and Chumakov, 2001). Biogeog
raphy of marine basins was as intricate as in continental 
areas. The tropical (paleoequatorial) fauna was charac
teristic of the Andean zone along the western margin of 
the belt, whereas the Notal (Gondwanan according to 
Grunt, 1995, and Grunt and Shi, 1997) vegetation was 
distributed easterly, in the Amazonian basin and near 
the Arabian block.

The equatorial belt o f mountainous climate. The 
huge belt of Hercynian mountains formed as a result of 
collision between Laurasia and Gondwana and crossing 
Pangea almost from ocean to ocean was located in the 
central part of supercontinent between the northern and 
southern arid belts. In the Early Permian, it mainly 
occupied southern, near-equatorial paleolatitudes (5- 
10°S). Narrow sea gulfs still existed in the belt at the 
beginning of the Permian (Autunian or early Wolfcam- 
pian periods). The Val-Verde sea trough that accumu
lated terrigenous deep-water sediments, partly turbid- 
ites (Oriel et al., 1967), stretched along the northern 
front of the Wichita-Marathon orogenic belt. North
ward, the Eastern shelf corresponded to a shallow sea 
basin, which accumulated clayey and carbonate sedi
ments, whereas coal-bearing and fluvial terrigenous 
deposits were characteristic of its eastern coastal mar
gins (Oriel et al., 1967). The area south of the Wichita- 
Marathon orogenic belt was occupied by a fore-arc sea 
that stretched probably to southern Arkansas and north
ern Louisiana separating the continental blocks of 
South and North America (Wickman et al., 1976; Fra
zier and Schwimmer, 1987). In the eastern margin of 
the mountainous belt, the sea entered North Africa 
spreading over the northern part of the Mauab-Ramzes 
Basin (southern Tunisia), where thick sandy-clayey 
and carbonate sediments are deposited (Hoffmann- 
Rothe, 1966; Vysotskii et al., 1973). During the Asse- 
lian Age, the area northwest of the belt was occupied by 
a spacious alluvial-lacustrine boggy plain that was 
populated by freshwater ostracodes, fishes, and 
amphibians, and where peat subsequently metamor



phosed to coal accumulated. The occurrence of brachi- 
opods suggests episodic sea invasions or a partial salin
ization of waters in the plain. In dry seasons, the plain 
accumulated, particularly in its southern part, alluvial 
red beds (Berryhill, 1967).

Piedmonts and numerous intermontane depressions 
in central and eastern parts of the mountainous belt rep
resented deposition sites of volcanogenic, alluvial- 
lacustrine, gray-colored deposits and red beds. In the 
Autun depression of France, the Asselian (Autunian) 
deposits are represented by gray to black calcareous 
and bituminous shales intercalated with fluvial, partly 
variegated beds and volcanic ash layers, which yield the 
characteristic flora in association with freshwater algae 
whose accumulations are transformed into sapropel 
coals. These deposits accumulated under conditions of 
the hot and humid climate (Cassins et al., 1995; Cha- 
teauneuf and Faijanel, 1989). Similar humid environ
ments prevailed in the Pyrenees and southeastern 
France, where coal-bearing sequences are present. 
Intermontane depressions in the Iberian plate accumu
lated alluvial-lacustrine red beds alternating with gray 
to black terrigenous sediments and volcanics. Almost 
all depressions here bear coals (Cassins et al., 1995). In 
the Southern Alps of Italy, the Upper Permian deposits 
fill in several deep grabens (Orobic, Val-Trompia, 
Tione, Bolzano, and others basins). TTiey are repre
sented by volcanogenic, fluvial, and lacustrine rock 
complexes accumulated under conditions of the warm 
and temperate semiarid climate with alternating warm 
and dry periods (Cassins etal., 1995). Similar sedimen
tation environments were also characteristic of deposi
tion sites of continental coal-bearing red beds in south
ern areas of the mountainous belt, namely in the Tiddas, 
Argana, Ourica, Chougrane, Haouz, Oued-Zfe, and 
other intermontane basins of northwestern African 
(Conrel et al., 1991; Wartiti et al., 19990).

Thus, it can be stated that the local climate in pied
monts and intermontane depressions was very variable 
at the beginning of the Early Permian and depended on 
orographic peculiarities of the belt. Coal-bearing 
deposits frequent in depressions point to alternation of 
predominant warm and humid climatic phases with 
semiarid periods. The Autunian red beds could accu
mulate in areas protected from rains by mountains. 
Alternation of semiarid and humid climate likely was 
typical of the eastern and western margins of the belt. 
The vertical climatic zoning of mountainous forests, 
meadows, and steppes, like that in modem equatorial 
and tropical belts, was characteristic of mountains. The 
Euramerian flora from Autunian deposits includes the 
Gondwanan and abundant thermo- and hygrophilic 
equatorial Cathaysian elements (Broutin et al., 1990; 
Wnuk, 1996). Later on, dining the late Sakmarian- 
Artinskian time, remaining sea basins closed in 
response to the general uplift of the orogenic system, 
and the mountainous belt of Central Pangea that proba
bly resembled the Himalayas terminated its formation 
(Scotese and Langford, 1995). Simultaneously, climate

changed to semiarid and arid. Piedmonts and intermon
tane depressions mostly accumulated red beds fre
quently enclosing horizons of carbonate, partly gleyed 
soil, caliche, and gypsum (Mader, 1992; Cassins et al.,
1995) . It can be assumed that climatic zoning in the 
region approached that of the intracontinental arid type 
(Zharkov and Chumakov, 2001).

The tropical-equatorial hot humid belt. This belt 
was spread over the Paleotethys, its coasts, Cathaysian 
microcontinents, and the northern part of the Cimme
rian arc that bordered the ocean in the east and south 
(Figs. 1, 2, 3, TE). In its widest eastern part, the belt 
extended almost from 30°N to 30°S occupying all trop
ical and subtropical paleolatitudes. From the formal 
standpoint, this isometric region can be termed the belt 
conditionally, but in essence, its vast territory with suf
ficiently uniform climatic, sedimentation, and biogeo- 
graphic environments did not differ from other climatic 
belts, because its main characteristics were also deter
mined by the latitudinal geographic position and orog
raphy. The belt included the eastern insular and coastal 
humid zones of the tropical (northern and southern) and 
equatorial belts, which were closer to each other than to 
western continental segments of all three belts.

Abundant signs of hot and humid climate are 
observable on land areas of the former tropical-equato
rial belt, e.g., coals, bauxites (Zharkov and Chumakov, 
2001), and diverse remains of Cathaysian vegetation 
(Wnuk, 1996). The latter included typical plants of 
humid tropics: arboreal Lepidodendron and Equi- 
setales, and also Gigantopteris representing probably 
lianas or climbers (Ziegler, 1990). The Cathaysian phy
tochore was not uniform, and this is quite natural in 
view of its tremendous width and predominant archi- 
pelago-type land patterns. Three floral regions of differ
ent latitudinal positions are recognized now within the 
Cathaysian arc: the North and South Chinese regions 
corresponding to opposite margins of the arc and the 
intermediate narrow Ksu-Huan-Yu region (Wnuk,
1996) . This phytogeographic differentiation likely 
developed during the Early Permian (Wang et al., 1998) 
has reflected both the isolated insular character of floras 
and their different latitudinal positions within the belt. 
This is suggested by the fact that the low-latitude South 
Chinese paleofloral region (South China and Indochina 
microcontinents) stretched in the latitudinal direction 
far westward up to Central Iran and northeastern Ara
bia, which were remote from the Cathaysian arc farther 
than the Cathaysian blocks from each other. This 
assumption is supported by some paleobotanical data 
implying the increasing humidity of the Permian cli
mate within the Cathaysian arc in the north-south 
direction (Zo, 1999). The western part of the belt under 
consideration, where different phytochores joined, 
hosted the mixed Euroamerian, Gondwanan, and South 
Cathaysian floras (Broutin et al., 1990; Wnuk, 1996).

Spacious carbonate platforms with reefal buildups 
and diverse Tethyan fauna were characteristic of seas



adjacent to the belt in question (Leven, 1993; Grant, 
1995; Grant and Shi, 1997). Noteworthy were carbon
ate platforms and reefs widespread during the Asselian 
in the low and, partly, middle paleolatitudes of the 
Northern Hemisphere (up to 45° and 40°N), but miss
ing south of 27°S (Figs. 1,2) and 15°S (Kiessling etal., 
1999) in the Southern Hemisphere. Thus, the latitudinal 
distribution range of carbonate platforms and reefs in 
the latter was 2-2.5 times narrower than in the Northern 
Hemisphere during the Asselian glacial maximum and 
than in the Southern Hemisphere during the later period 
of the Early Permian (Figs. 2, 3). This indicates that 
influence of the glacial belt was noticeable up to the 
southern part of the tropical-equatorial belt. It could be 
responsible for some general cooling in the region 
and/or for penetration of cold and slightly turbid waters 
here.

PECULIARITIES OF THE EARLY PERMIAN 
CLIMATE

As one can see from previous sections, the Early 
Permian climate was highly variable and dynamic. We 
will characterize only its main peculiarities and 
changes that occurred throughout this epoch.

Global warming. The retreat of glaciers from mid
dle latitudes toward higher ones in the late Sakmarian- 
early Artinskian time, when the warm arid belt and 
evaporite-carbonate platforms spread over former gla
ciation areas, indicate a rapid planetary warming. The 
reduction of glaciated areas and development of gla- 
cioeustatic transgressions decreased the planetary 
albedo and resulted in warming that accelerated up to 
the moment when glaciers entirely retreated to high lat
itudes. After this event, warming decelerated. Small 
glaciation centers, which sometimes grew in size due to 
different-rank climatic oscillations, were preserved in 
southern high latitudes up to the terminal Early Per
mian. The probable causes responsible for the warming 
will be discussed in out next paper. Now, we want just 
to note that, judging from the discussed materials, 
changes in the Pangea latitudinal position and in pro
portions between land and sea areas could hardly repre
sent the main factors, because they were insignificant. 
According to paleomagnetic data (Scotese and Lang
ford, 1995; Ziegler et al., 1997, 1998), the northward 
displacement of supercontinent during the Early Per
mian corresponded to several degrees only, as is esti
mated. The subsequent rise of Pangea and reduction of 
epicontinental seas should cause the global cooling. 
The late Artinskian-Kungurian time was probably the 
warmest period in the entire Early Permian. Neverthe
less, abundant indications of the icebeig and ice rafting 
in southeastern Australia suggest that cool climate in 
southern polar latitudes lasted up to the end of this 
epoch.

Global aridity growth. Global climatic changes of 
the Early Permian time have not been limited by warm
ing. Since its formation time, semiarid and arid climatic

environments were characteristic of low latitudes of 
Pangea. Factors responsible for this were the huge 
dimensions of supercontinent and emergence of large 
Hercynian mountainous belts and ranges, many of 
which extended along continental margins, particularly 
in the Laurasian segment. Both factors hindered the 
moisture transfer from oceans into internal areas of the 
supercontinent. The aridity of Pangea strengthened 
with time during the Early Permian, as it is reflected in 
extension and migration of arid and semiarid belts into 
the middle latitudes. The aridity grew in the equatorial 
mountainous part of central Pangea as well. Undoubt
edly, one of factors responsible for this was global 
warming that increased evaporation, particularly in low 
and middle latitudes, where moisture was insufficient. 
The period of maximal extension of arid belts coin
cided probably with accumulation time of Kungurian 
salts and sulfates. The successive regression of inner 
seas of Pangea and relevant reduction of moisture 
sources could represent another cause of the arid cli
mate advance. It can also be assumed that the retreat of 
large ice shields into high southern latitudes in the late 
Sakmarian-early Artinskian time resulted in reduction 
and retreat of corresponding annual stable high-pres
sure zones. This was evidently accompanied by 
enlargement of adjacent low-latitude Hadley cell and 
by migration toward poles of high-pressure areas char
acteristic of tropics and determining development of 
arid and semiarid belts.

The monsoon role. The existence of spacious Pan
gea land blocks predetermined an importance of sea
sonal areas with high and low air pressure and relevant 
influence of monsoons on the climate formation in both 
hemispheres (Parrish, 1995). This influence should be 
most significant in the Southern Hemisphere, where the 
compact block of the Gondwana land was almost 
1.5 times larger in size and across (along 30°) than the 
present-day Eurasia. The Laurasian segment of Pangea 
was lesser only slightly. The humid monsoon climate 
was most distinct in areas adjacent to the Paleotethys 
ocean. The proximity of the warm ocean located in 
tropical and equatorial latitudes to huge blocks of the 
leeward land should stimulate development of mon
soons and enhanced their influence. Taking into consid
eration this fact and mathematical models, some 
researchers termed these atmospheric events as mega
monsoons (Kutzbach and Gallimore, 1989). However, 
on the way to Laurasia, these monsoons met mountain
ous belts and marginal ranges fringing the continent in 
the south, southeast, and northeast. As a result, mon
soons connected with the lower troposphere lost the 
bulk of transported moisture on the leeward slopes of 
mountains. Therefore, climate in areas protected from 
rains and in tropical latitudes of Laurasia was arid 
(Figs. 2, 3). Indications of the intermittent summer 
moistening observable in deposits of the northerly 
semiarid belt allow however a suggestion that highly 
weakened monsoons reached episodically the internal 
areas of Laurasia. Signs of humid seasons are locally



registered also along the southern margin of Pangea. 
Nevertheless, the year-round high-pressure maximum 
over the glacial belt probably prevented, especially dur
ing the Asselian-early Sakmarian period, from a deep 
penetration of monsoons into its internal areas. Later 
on, monsoons could be kept away by tropical and high- 
latitude high-pressure zones, which existed in northern 
Gondwana and southern polar area, respectively.

Dynamics o f climatic changes. An important feature 
of Early Permian climatic changes was their high 
dynamics. Two factors could be responsible for this: the 
general rapid warming and frequent different-rank 
oscillations that complicated the warming trend. The 
rate of global warming was highest during the Sakmar
ian Age, when glaciation in middle south latitudes ter
minated. A significant part of the territory that became 
free of ice was immediately occupied by the arid and 
semiarid belts (central South America, southern Arabia, 
Figs. 1, 2, 3). Further reduction of the glacial belt was 
more gradual. At the end of the Artinskian Age, this belt 
probably became extinct as a single whole, although 
glaciation centers that produced abundant icebergs 
repeatedly renewed in the Southern Polar zone during 
the Kungurian Age and even later (Eyles et al., 1998).

Oscillations enhanced these dynamic climatic 
changes, particularly during glaciations. High expan
sion and even higher degradation (termination) rates of 
ice covers are well exemplified by Pleistocene glacia
tions. The available data show that similar short-period 
oscillations were characteristic of Early Permian glaci
ations as well (Chumakov, 1985; Dickins, 1985; Eyles 
etal., 1998). As was noted, glacial oscillations recorded 
in most complete sections of Permian glacial deposits 
were of three ranks: with periods of hundred thousands, 
several millions, and several tens of million years (Chu
makov, 1985; Veevers and Powell, 1987). High-ampli- 
tude climatic oscillations are also inferable from coal 
seams occurring sometimes amid glacial deposits 
(South America, southeastern Australia). They suggest 
that the glacial climate gave place to the temperate cool 
one and vice versa: Amplitudes of climatic oscillations 
within the ice-free areas were naturally less contrast 
than in glacial belts. They were probably manifested as 
moisture variations (Miller et al., 1996; and others).

Asymmetry in the climatic zoning. Throughout the 
entire Early Permian, the Southern Hemisphere was 
colder that the Northern one. This is evident from the 
fact that all significant glaciations occurred only in the 
Southern Hemisphere. In this connection, succession of 
climatic belts was different in both hemispheres, and 
corresponding belts were of different width, remote 
from the equator for a different distance, and showed 
difference in many other parameters (radiation, sea
sonal barometric patterns, atmospheric precipitation, 
wind activity, and others). The asymmetry was particu
larly well manifested during the Asselian-Sakmarian 
glaciation (Figs. 1, 2). By the end of the Early Permian, 
it noticeably decreased (Fig. 3). Main causes responsi

ble for the climatic asymmetry were different dimen
sions of land blocks and their asymmetric latitudinal 
position relative to the equator and poles (Chumakov, 
1994). In the Early Permian, Gondwana located 
between paleolatitudes of 5° and 90°S was 1.6 times 
larger than Laurasia, and a half of its territory was 
located in high and middle latitudes. Laurasia was situ
ated between the equator and 75°N at that time, and 
67% of its territory corresponded to low latitudes. 
When glaciation zone decreased, distribution of land 
blocks remained almost unchanged, and climatic asym
metry substantially lessened with time. This suggests 
that asymmetric position of land masses results in 
strong climatic asymmetry only during glaciations.

Rearrangement o f climatic zoning. The Early Per
mian climatic changes substantially rearranged the cli
matic zoning. Transformations were strongest in the 
Southern Hemisphere, where the glacial belt consider
ably (by 2.5 times and more) narrowed in the late Sak- 
marian-early Artinskian time and disappeared at the 
end of the Early Permian. In the Asselian-early Sak
marian time, the glacial belt bordered immediately the 
tropical arid belt in western Gondwana and the signifi
cantly reduced temperate belt in the east (Fig. 2). 
Reduction of the glacial belt was accompanied by for
mation of the semiarid and temperate cool belts 
between the arid and glacial belts. The temperate cool 
belt gradually expanding southward replaced the gla
cial belt at the end of the Early Permian. Simulta
neously, semiarid and arid belts of both hemispheres 
became wider, and aridity increased as well in the equa
torial mountainous humid belt. As a consequence, the 
planetary climatic zoning was drastically transformed.

Evolution o f global climate. The climatic zoning is 
a most distinct reflection of the global climate, and we 
can confidently speak therefore about the substantial 
changes in the global climate during the Early Permian. 
In general, this period can be classed with the glacial 
epoch, because glaciers developed, although episodi
cally, to the end of the epoch at least in the Southern 
Hemisphere. By the extent and character of glaciation, 
three stages in evolution of the Early Permian glacial 
climate can be distinguished. The Asselian-early Sak
marian climate was similar, in the extent of glaciation, 
to the Pleistocene one. In these cases, ice shields spread 
over high and middle latitudes of both hemispheres. 
Accordingly, it was the climate o f the glacial maximum, 
as we can term it. In the popular literature, such glacia
tions are frequently called “great glaciations.” Climate 
of the terminal Sakmarian-initial Artinskian time can 
be termed as the climate o f polar cups, because glacial 
sheets were mainly confined to high latitudes. Climate 
of this type exists now and has existed in the Oligocene 
and in the second half of the Eocene, when first ice cov
ers appeared in Antarctica. At the end of the early Per
mian, the cold temperate climate became prevalent in 
polar areas of both hemispheres. The southern polar cap 
degraded with preservation of small glaciation centers 
(most likely, episodic ones). This time can be consid



ered as a terminal stage of the Gondwanan Glacioera 
and corresponding global climate as the climate o f  cold  
polar areas.
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