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the posI-Tatarian Late Permian age [or mos t of the 
Siberian Trap. The predominantly tuffitic Hungtukun­
skian Format ion of the Tungusska Basin conta ins Fa/­
sisco species (post-Tatarian conchostracan genus) that 
arc present in the Dalongkou sect ion cons iderable 
be low thc FAD of Lystrosaurus , and disappear 54 m 
bclow the FAD of Lystrosaurus in undoubtedly Upper, 
but not thc uppermost Permian beds. The followin g 
Puluranian basalt and related intrusives have. according 
to RENNE et al. (1995), an age of 250 (± 1.6) Ma. Bed 
25 in the Meishan section, 14-18 cm below the base of 
the Triassic detined by the FAD of H. parvus was dated 
by thc samc authors as 249.98 (± 0.20) Ma. Thc PUIll ­
fanian basalt started, therefore, somewhat before the 
PTB and straddled thi s boundary. The S iberian Trap 
covers 2.5 million km:'! , However, it is probably that in 
the subsurface of western Siberia, under a thick Meso­
Cenozoic cover, large areas arc also covered by the 
Siberian Trap, as the westernmost occurrence of the 
trap basalts is in the Urals. Thus, the area covered by 
the Siberian Trap may be fa r larger than 2.5 millio n 
km 2

, but a lready this area covered by thi ck tu ff layers 
followed by Oood basalt indicates the greatest vol canic 
activity in the Phanerozoic. 

The int ra-basalt ic layers of the Urals as the western­
most ext ension of the S iberian Trap volcanism were 
dated by TUZHIKOVA (1985) as lowermost Triass ic 
and would there fore post-date the PTB bioli c c ri s is. 
KOZUR ( 1989) agreed with TUZHIKOV A ( 1985) that 
the intra-basaltic layers of the Urals are post-Tatarian , 
but he pointed out that they are Upper Permian. A large 
part of the Zechstein pal ynodemes di scrimi nated by 
V1SSHER ( 197 1) occur in the intra-basaltic layers that 
correspond therefore to parl of the undoubtedly Pemli­
an Zechstein . Immediately below the lower volcanics, 
and in the lower part of the intra-basalti c sediment s, 
Lueckisporites virkkiae POTONIE & KLAUS , mainly 
norm Ae, is common (up to 16% of the sporomo rphs). 
Thi s part of the sequence is not younger than the asso­
ciation with dominating L. virkkiae norm Ac scnsu 
V1SSH ER that corresponds to the upper Zechstein 3. In 
the younger part of the intra-basaltic sediments Luecki­
spar/res cr. parvll s KLAUS (:::: L. virkkiae, norm Bc 
according to VISS HER, 1971) becomes dominant and 
then GUl!lIllapollenites sp. (L. virkkiae, norm C sensu 
VISS I-IER , 197 1) becomes increasingly frequent. Acco­
rd ing to the corre lation of the Zechstein sporomorph 
assoc ia tions with the international scale (KOZUR, 
1994b), the post-Tatarian intra-basaltic beds are upper 
Dzhulfi an to lower Dorashamian. The followi ng mai n 
phase of the volcanism began in the upper Dorashamian 
and las ted until the lowermost Triassic (Gangetian Sub­
stage). It straddles, therefore, the PTB. 

The two, close to the PTB contemporaneously acti ­
ve volcanic centres (Siberian Trap volcani sm and huge 
expl os ive volcanism at the northern Tethys/Panthalassa 
transition) , had surely a strong inJluencc on the world 
clim ate. Howeve r, there arc also other areas with tuffs 
and lavas close to the PTB. Dr. Spencer LUCAS , Albu-
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querque, found altered tuff layers c lose to the PTB at 
the Dalongkou section in Sinkiang. Unfortunately, the 
material was confiscated and there fore neither radio­
metric nor geochemical investigations cou ld be carried 
out. If these volcanics are re lated either to the Siberian 
Trap or to the volcan ic centre at the transition between 
the northeastern Tethys and Panthalassa , thi s wou ld 
very much enlarge the areas with volcanic ashes or dust 
fall -out of one of these two volcanic centres. But even 
if they would belong to an independent volcanic centre, 
thi s would further enlarge th e areas a ffec ted in the 
uppermost Dorashamian by volcanic fall -out. 

Accord ing to KOZUR (1998a) , the long-lasting, ini­
tially mainly explosive Siberi an Trap volcanism (very 
intense from the uppermost Dzhulfian to lowermost 
Triass ic) caused some cli matic changes that harmed 
especially the terrestrial biola (severe climate, cooling 
in high and medium lat itudes, ac id rain). During this 
time, the tropical warm-wate r fau nas re trea ted to the 
tropical Tethys. Thus, in the med ium-lati tude Perigond­
wan a Sa lt Range, the Dzhul fian is charac terized by 
Tethyan wann-water conodonts. In the upperm ost Dzh­
ulfian and lowermost Dorashamian they were replaced 
by cool-water conodonts. The area with tropi cal warm ­
water faunas became in the Dorashami an very narrow 
and was restricted to the central and nort hern Tethys, 
where they remained highly diverse, and insular regions 
in the equatorial Panthalassa. 

The huge explosive felsic-intennediatc vo lcanism at 
the northeastern margin of Tethys a little be low the 
PTB caused according to KOZUR ( 1998a), a 3 - 6 
month volcanic winter in low lati tudes. T his period was 
long enough 10 kill the trop ica l warm-water faun as on 
the Tethyan shelves, but not long enough to bring the 
water temperature below the critical water-temperature 
for tropical warm -water faunas on the shelves of insular 
regions in the tropical part of Panthal ass a. T here, a 
large part of the warm-water faun as survived the PTB 
biotic crisis, and re-appeared on the Tethyan shelves in 
the upper Olenekian and in the Middle Triass ic as 
Lazarus taxa. 

A "side effect" of the huge volcani c eruption in the 
uppermost Permian that caused the volcanic winter, 
Ill ay be the destruction of the ozone layer by an espe­
ci a ll y violent e ruption. Aeroso ls and gases o f a huge 
explos ive e ruption could reach the ozone layer and 
deplete it. The consequence would be strong UV rad ia­
tion. The sudden di sappearance of the world- wide mass 
occurrences of fun g i cxactl y at the level of the huge 
volcanic erupt ion at the northeastern marg in o r Tethys 
is best explained by strong U V radi at ion that is lethal 
for fungi. S trong ly reduced sun light would favour rat­
her than harm the growth of fungi and also the cooling 
in a volcanic winter would not hann the Tympallocysta 
fun gal ass ociation becau se it is comm on both in th e 
tropi cal Tethyan and in the cold Bo rea l rea lm, and 
therefore adapted to both warm and cold climates. 

The biot ic express ions for a cooling event arc obvi­
ous (KOZ UR , 1998a). Mainl y the tro pi cal shall ow, 
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warm-water fauna and flora as well as the plankton 
were affected by Ihe PTB biotic cri s is. The plankl on 
mass ext inction may also be re lated to a time of redu­
ced sunlight that would accompany a volcanic winter, 
and the radiolarian ext inct ion is probably partly related 
to oceani c anoxia. The mass extinct ion of tropical shal­
low-water biota could have been caused by a strong low 
latitude cooling or warming (the latte r is favoured by 
HALLAM & WIGNALL, 1997, for the lropical areas), 
bUI accord ing to KOZUR (l998a) a strong warming in 
low la titudes during the uppermost Permian can be 
excluded (st rong extinct ion of warm-water fa unas, but 
no pronounced extinction of marine cold!cool-water 
faunas and no cont inental extinction event in that strat i­
graphic level, contemporaneous equator-ward migrat ion 
of high latitude cool/cold-water faunas). Moreover, the 
strong g lobal warming al Ihe base of the Gandarian (= 
base of Dienerian) post-dates the PTB extinction event 
except the delayed extinct ion event of cool-water con· 
odonts. This global warming is directly related to the 
volcanic winter and the foregoing long· lasting Siberian 
Trap volcanism (see below). 

The important question is why the warm-water fau ­
nas from the tropical Panthalassa cou ld not return to 

Tethys earl ier. A vo lcanic winter, accompanied by a 
strong reduct ion of sunli ght, and the beg inning of the 
long- lasting, strong and violent Siberian Trap vo lca­
nism within the Dzhult1an (with the culmina tion of the 
volcanic activity in the upper Dorashamian and lower­
most Triassic) perfectly explain the observed extinction 
pattern affecting mainly the terrestrial communit ies 
(earlier than the marine faunas), the plankton, and the 
trop ical shallow, warm-water faunas. However, this 
event alone can not explain that the recovery occurred 
only in Ihe upper Scythian (upper Olenckian) and Mid­
dle T riass ic, several million years after the PTB biotic 
crisis. After the end of the volcanic winter, the tropical 
shelf communities wou ld recovt?r very fast by migration 
of warm-water faunas that had survived on the shelves 
of intra-oceanic islands (see above). Both the extinction 
on the tropical shelves and the recovery of the tropical 
warm-water biota would happen in geologically a very 
short time. In the geological record on ly a modera te 
ex tinction event and innovations of new faunal cle­
ments would be observed. This can be, for instance, 
observed after the midd le Carnian disappearance of the 
Tet hyan reef communi ties. 

6.2. DELAYED EFFECTS OF THE VERY INTENSE 
VOLCANISM AFTER THE END OF THE VOL­

CANIC WINTER AND AFTER THE END OFTH E 
SIB ERIAN TRAP VOLCANISM 

The reason for the long delay in the recovery of the 
wann·water benthos on the Tethyan shelves was the 
oceanic superanox ia which reached an unusually high 
level in the water column (e.g., as shown by dysaerobic 
conditions in the Mazzin Member and similar shallow­
water depos its above the storm -wave base, and black 

lSI 

shales in all oceans). The recovery of the Tethyan 
warm-water faunas coincides with the end of the long­
lasting lower-middle Scyth ian oceani c superanoxia in 
the sense of ISOZAKI ( 1994, 1997). 

As these superanoxia reached a leve l above the 
storm-wave base, they were an effect ive barrier against 
the migration of the warm -water benthos that had sur­
vived on the shelves around oceanic islands in the tropi­
cal Panthalassa (and perhaps partly also within eastern 
Tethys) to the tropical Tcthyan shelves. Moreover, such 
superanox ia also prevented the recovery of those radio­
larians (plankton) that lived benealh the uppermost, 
oxygenated water column . Thus, only the phytoplank­
ton (e.g. , acritarchs), whi ch occur in the uppermos t 
oceanic layer, recovered quickly after the volcanic win­
tcr (and the accompanyi ng slrongly reduced sunlight). 

The superanoxia were probably tr iggered by the 
unique volcanic activity in the Dzhulfian to lowermost 
Scythian in terval. The huge amounts of dust and sul­
phate aerosols caused strong precipitat ion in areas that 
were normally dry, both in the low and high latitude dry 
belts. As a result large inputs of fresh-water occurred in 
the high latitude cold seas, and this causcd a decrease in 
densi ty of the heavy cold surface water. The si nking of 
heavy cold surface water strongly dec reased or even 
ceased. T his down-s inking of heavy, cold surface water 
in the high latitudes is, however, the "motor" for the 
cold bottom water currents that bring highly oxygena­
ted co ld surface wate r v ia deep-water currents in the 
tropica l oceans, from where warm surface currents 
transport warm-water into high latitudes. If this oceanic 
current system di sappeared or became very weak, oce­
anic anoxia were established. 

T he lengthy dura tion of the oceanic anox ia was 
caused by a strong g lobal warming at the base of Ihe 
Gandarian (= Dicnerian) indicated by Ihe appearance of 
Tethyan warm-water biota in unusual high latitudes , 
such as Spitsbergen (WIGNALL et a I. , 1998; KOZUR, 
1998a). This caused a globally rather uniform cl imale 
during the upper Brahmanian (Gandarian Substage ;;;; 
Dienerian) , indicated by world-wide rather unifonn fau­
nas (e.g., Claraia faunas), and a low temperature gradi­
ent in the Tethyan and Boreal oceans, that for a lon g 
period prevented Ihe re-establishment of the cold bot ­
tom water currents. The temperature g radient between 
the Telhyan and Boreal rea lm became higher again dur­
ing the lower Oleneki an as indicated by increasing fau­
nal differences between these realms. The upper bound­
ary of the oceanic anox ia became lower during that 
time, but at least Pan tha lassa remained anoxic. In the 
upper Olenekian the co ld bottom-water currents were 
re-estab lished as indicated by the re-appearance of cold 
bottom-water palaeopsychrospheri c ostracod fauna s in 
Tethys. Contemporaneous ly, numerous Lazarus taxa 
among the shallow-water warm-water benthos migrated 
from their insular shelf relic areas withi n Panthal assa 
in to Tethys. 

The strong global warming at the base of the GaI1-
darian (= Dienerian) was also caused by the volcan ic 
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winter and the lengthy period of Siberian Trap volcan­
ism. The very strong explosive volcanism that caused 
the volcanic winter, and the foregoing as well as con­
temporaneous Siberian Trap produced huge amounts of 
the greenhouse gas CO2 • As mentioned above, the huge 
amounts of dust and sulphate aerosols that caused a vol­
canic winter favoured strong precipitation also in the 
dry hi gh latitude and in the arid low latitude girdles. 
The strong precipitations in the normally arid low lati­
tude gi rdles caused a strong increase in the total amount 
of water vapour in the earth's atmosphere. As water 
vapour is an effective greenhouse gas, this caused an 
additional strong greenhouse effect. As long as the 
Siberian Trap volcanism continued, this greenhouse 
effect was counterbalanced by dust and sulphate aero­
sols. However, the Siberian Trap volcanism ended dur­
ing the upper Gangetian, or at the latest by the top of 
the Gangetian because overlying sediments both in the 
Tungusska Basin and in the Urals yielded Cornia Rer­
mari (BEYRICH) and other vertexiids that are guide 
forms of the Gandarian. After the end of the Siberian 
Trap volcanism the greenhouse effect resulted in a 
strong global warming that may have been as high as 
6°C on average. as assumed by HALLAM & WIG­
NALL (1997). 

The high precipitation, also in the formerly dry low 
and high latitude girdle, is an assumption (based on 
knowledge about the huge explosive volcanic activity 
in the Upper Permian and especially around the PTB) 
that needs to be verified by geological and geochemical 
data. The strong increase in precipitation in the upper 
Dorashamian and lower Scythian may have caused (at 
least partly) the significant increase in the 87Sr/86Sr 
ratio that indicates a large increase in chemical weath­
ering triggered by increased humidity and atmospheric 
CO2 levels. It is striking that in the uppermost Dora­
sham ian and in the H. parvus and 1. isareiea zones of 
the lowermost Scythian, no signs of hypersaline seas or 
continental arid climate can be found globally, not even 
in areas that were previously very arid, as in the Ger­
mani c Basin or the Alps. In the Germanic Basin, the 
hypersaline sedimentation and salt precipitation in the 
Zechstein ended in the central basin and large fre sh 
water lakes with charophytes, Darwinula and conchos­
tracans developed, whereas in the marginal part arid 
desert or sabkha cond itions were replaced by fluviatile 
conditi ons. Thus, the predicted time interval of high 
precipitation in the normally arid low and high latitude 
girdles was really present during the uppermost 
Dorashamian C. meishanensis - H. latidentatus prae­
parvus Zone (starting with the very intense explosive 
eruption at the northeastern margin of the Tethys) and 
lowermost Triassk H. parVllS and 1. isarciea zones. 

Above the 1. isareica zone the climate fluctuated 
rapidly. In the red upper Sandy Claystone Member of 
the Calvorde Formation and in the contemporaneous 
Andraz Hori zon of the Southern Alps, the climate again 
bccame ar id in the low latitude dry girdles. In the upper 
Calvo rde Formation and Bernburg Formation (except 
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for its uppermost part), and in the contemporaneous 
Seis Member of the Alps and Hungary, a rapid fluctua­
tion of predominantly humid to semi-humid with semi­
arid to arid climate can be observed. In the Bernburg 
Formation again a large fresh-water lake (or several 
large lakes) covered the central Germanic Basin, but 
periodically, the lake(s) dried out. The Seis Member 
was studied in detail for saIt-content f1uctuations in the 
northern Balaton Highland (Hungary), where deposi­
tion occurred in the marginal parts of the Seis shallow­
water sea. The shallow-water deposits are in general 
normally marine, wi th a rich Claraia fauna and con­
odonts. However, in some parts the fresh-water influx 
was so strong that on some bedding planes the marine 
fauna was replaced by a rich fresh- to brackish-water 
fauna with mass occurrences of in situ conchostracans 
(KOZUR, 1993; KOZUR & MOCK. 1993). In other 
beds hypersaline rocks with anhydrite nodules occur. 

Thus, the combination of climatic changes (princi­
pally the short cooli ng in the low latitudes due to a vol­
canic winter) and lower to middle Scythian superanoxia 
as the two main causes for the PTB biotic crisis were 
both caused by the unique large scale and violent explo­
sive volcanism in the uppermost Permian and lower­
most Triassic. 

7. GENERAL EXTINCTION AND RECOVERY 
PATTERNS CONNECTED TO THE PTB BIOTIC 

CRISIS 

Detailed knowledge of the exact extinction and re­
covery patterns in the Upper Permian and in the Lower 
Triassic (which can only be recognized by considera­
tion of the data and problems presented in sections 2-4) 
is most important for the reconstruction of a scenario of 
the PTB biotic crisis and the recognit ion of its causes. 
KOZUR (1998a) reported the following extinction and 
recovery patterns related to the PTB biotic crisis: 

The (siliceous) plankton (radiolarians). and the 
warm-water benthos (highly diverse Upper Permian 
warm-water benthos was restricted to the Tethys), 
nektobenthos and nekton were the most strongly 
affected. The production of organic silica dropped so 
far that there is a lengthy, global radiolarite gap in 
oceans from a little below the PTB to the base of the 
upper Olenekian. 

The cold-water faunas were either not, or slightly 
affected by the PTB biotic crisis. 

Faunas of temperate zones with seasonal climate 
were slightly to moderately affected. 

There was a delayed ext inction event in cold-water 
adapted faunas that survived the PTB without ext inc­
tion, tlourished and diversified in the lowermost Tri* 
assic after the extinction of the warm-water fauna in 
the Tethyan realm. 
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The recovery time for the warm-water benthos and 
siliceous plankton was unusually delayed (about 5 
Ma) as this recovery occurred only in the upper 
Olenekian to Middle Triassic interval. 

The recovery of the nekton and nektobenthos was 
mostly rapid, afte r one conodont zone (H. parvus 
Zone that had a short duration <0.1 my). 

The productivity of the terrestrial plants dropped 
strongly and the recovery occurred mainly in the 
upper Olenekian and in thc Middle Triassic. 

Several extinction events occurred in the terrestrial 
faunas within the Upper Permian, considerably be­
low the marine PTB, and for different fo ss il groups 
at different stratigraphic levels. At the marine PTB, 
only a very slight extinction event can be observed in 
vertebrates, when "remnant" Permian form s (Dicyno­
don) disappeared. At, or close to, the often used con­
tinental PTB (FAD of Lystrosaurus) no extinction 
event of any terrestrial faunal element can be obser­
ved. 

Such terrestrial faunal elements mainly survived the 
PTB biotic crisis, which were able to survive some 
months of extrem e climatic conditions , including 
severe drought, cold or even freezing conditions in 
low latitudes by hibernation-type live stages (verte­
brates) or by drought- and freeze-resistant eggs (con­
chostracans). Good examples are the vertebrate Lys­
trosaurus which is known both from low latitudes 
and from high southern latitude areas with polar 
night, the conchostracan Fa/sisca which occurred 
both in low latitudes and in high northern latitudes 
within the Permo-Triassic polar circle, and the ostra­
cod Darwinu/a which lived in tropical areas and high 
latitudcs. 

Distinct terrestrial fl oral changes (that were not of 
local character) occurred during the upper Dora­
sham ian , when in most parts of the world the trilete 
cavate spores of lycopodiales became dominant, 
whereas several species of gymnosperme pollen dis­
appeared. Until the end of the Permian a low diversi­
ty terrestrial flora was establi shed and the terrestrial 
plant production became low. 

During the lower and middle Scythian the terrestrial 
plant production remained low (global coal gap). 

About 50 % of the genera that disappeared at the 
PTB re-appeared in the Olenekian - Middle Triassic 
interval (Lazarus taxa). Some of them had changed in 
generic level but had undoubtedly evolvcd from gen­
era that had disappeared at the PTB. In some groups 
the percentage of Lazarus genera is 90-100 % (e.g. , 
holothurians, scolecodonts). 

Only very few major fossil groups totally disap­
peared at the PTB (without Lazarus taxa). Most of 
these groups had a very low diversity and/or a regi­
onal restriction at the end of the Permian to Tethys or 
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even to eastern Tethys (trilobites, rugose corals, fusu­
linids). 

The PTB is preceded by mass occurrences of marine 
(and continental?) fun gi and the fungal spike ended 
abruptly a little before the PTB, in eastern Tethys at 
the base of the volcanic dust fall -out a littl e below 
the biochronologic PTB. 

The extinction was more severe in the northern than 
the southern hemisphere. 

8. CONCLUSION - A POSSIBLE SCENARIO 
FOR THE BIOTIC CRISIS AT THE PTB 

This scenario for the PTB biotic crisis originated by 
consideration of the data and probl ems presented in 
sections 2-7 and from earlier works (KOZUR, 1997c, 
1998a). It incorporates facts such as the severe Dzhul­
fian - Dorashamian climate in many parts of the world 
caused by the continent-ocean configuration and by the 
Siberian Trap volcanism; the extinction event at the 
Guadalupian -Lopingian boundary that restricted most 
of the affected warm -water faunas to Tethys; and the 
Permian northward drift of Pangaea leading to a Middle 
and Upper Permian cooling of the Boreal area which 
caused a successive Middle Permian extinction of 
warm-water benthos and an interruption of the ex­
change of warm-water benthos between the Tethys and 
western North America during the Guadalupian. 

The Permian northward drift brought large parts of 
Pangaea into the tropical -subtropical belt during the 
Middle -Late Permian resulting in rather severe climatic 
conditions over large parts of Pangaea during the Upper 
Permian, such as aridity and strong daily and seasonal 
temperature variations. Part of the fauna adapted to sur­
vive several months of very severe climate (long drou­
ght, low winter temperatures below freezing point in 
areas with hot or warm summers). At the same time, 
northern Pangaea reached the Boreal realm and the 
Middle-Upper Permian climate became colder and 
colder. Thi s lead to extinction of major warm-water 
fo ssil groups in the Arctic long before the PTB , as 
shown by the disappearance of the fusulinids at the base 
of the Guadalupian. The faunal exchange of warm­
water benthos between Tethys and the westem shelf of 
America was interrupted. Therefore, a strong provin ­
cialism developed with different shallow, warm-water 
faunas on the western shelf of America and in Tethys. 
A very rapid and extensive regression at the Guadalupi­
an-Lopingian boundary destroyed the habi tats of large 
shelf areas (e.g., the Delaware Basin of southwestern 
North America changed into a hypersaline bas in) , In 
other basins, like the Phosphoria Basin, the warm-water 
fauna was additionally harmed by wide-spread upwel­
ling of cold boltom water. Connected regional extinc­
tions led to the disappearance of fusulinids on the west­
ern America warm -water she lf during the lowermost 
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Loping ian. As benthi c warm-water faunas could no 
longer mi grate between Tethys and western North 
America through the southern margin of the Boreal sea, 
major groups such as the fu sulinids were restricted to 
the Tethys in the upper Dzhulfian and Dorashamian. 
This is a lso the case for the warm-water Clarkina sub­
carinala conodont lineage and for most groups of the 
reef communit ies. 

Beginning in the middl e Dzhulfian , the climate 
became periodically morc severe by the intluence of the 
( in that time) largely explosive Siberi an Trap volcan ­
ism. The eruptions became stronger and stronger during 
the Dorashamian. The reduecd strength of sunlight due 
to the presence of dust and sulphate aerosols favoured 
the development of marine (and continental?) fungi that 
became more and more common during the late Dora­
shamian (Tympanicys/a associat ion). Acid rain hanned 
the gymnosperm forests and most other plants, but did 
not influence swamp fl oras with Lycopodiales that were 
adapted to acid soi l. Therefore in many parts of the 
world lycopod ialcs noras, as indicated by increasing 
amounts of trile te cavatc spores became common and in 
many places dominant , whereas the amount of gym­
nosperms decreased in the uppennost Permian. Repeti­
tive very short periods of cooling in low latitudes, COI1-

nected with dust and sulphate aerosols from the S iber­
ian Trap vo lcanism, led to a drop in the diversity of ter­
restr ial vertebrates and fresh water faunas to the upper­
most Permian. The larger te rres trial te trapods were 
affe c ted first whil e the conchostracans with drought ­
and freeze-res istant eggs were affected last. By these 
stepwise extinctions of different terres trial faunal gro­
ups, in the upper Dorasham ian a low diversity terrestri ­
a l and fresh-water fauna was present, in which form s 
prevailed that could survive severe climat ic conditions, 
including short cooler periods in low latitude areas 
(Lys trosaurus among the te rrestrial vertebrates, con­
chost racans, Danvillula among the freshwater ostra­
cods) . Forms adapted to a permanentl y warm climate 
become rarc (Dicynodon). The cold climate in the Bore­
al realm and a regress ion followed by a transgress ion 
lead to the es tablishment of a very low-diversity fauna 
during the upper Dorashamian O/ocems COllcaVl/In and 
O. boreale zoncs (the uppermost part o[ thc latter zone 
s .1. be longs to the earlies t Triass ic H. parvlls Zone). 
Highly diverse marine warm-water faunas were at that 
time res tri c ted to Tethys, moderately diverse marine 
faunas occurred on the temperate Perigondwana 
shelves. 

During the latest Dorashamian and earliest Triassic, 
around 252-250 Ma ago, the effusion of the Siberian 
Trap basaliS covered an area of at least 2.5 million km 2

, 

possi bly eve n 4~5 milli on km 2
• Furthe rmore in the 

northern hemisphere a huge highly explosive fe lsic to 
intermediate volcan ism occurred at the no rtheastern 
Tethys - Panthalassa margin. Huge amounts of dust and 
sulphat e ae rosols were re leased into the atmosphere, 
and in the eastern Tethys a fall -o Llt of volcanic dust 
over an area of a t least 2 million km2 occ urred. Dust 
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and sulphate aerosols lead to a drastic drop in tempera­
ture especially in low lat itudes (Tethys!), which lasted 
about 3-6 months (volcanic winter w ith conditions s i­
milar to those calculated for a thermo-nuclear winter). 
Drastically reduced sunlig ht at the earth 's surface and 
also a drop in water temperature on the Tethyan shelves 
strongly affected the phytoplankton , the basic e lement 
of the marine food-chain. Skeleton-bearing p lankton 
(Radiolari a) that li ved in different watcr depths was 
additionally affected by the onset of the oceanic anoxia. 
The Tethyan shelves, the rcfuge for most of the latest 
Permian warm-water benthos were coo led below the 
temperatures critical fo r reef communiti es, and the 
entire warm -water benthos, but in many places al so 
most of the wam,-water nekton or nektobenthonic fau ­
nas (e.g. , wann-water conodonts) became extinct on the 
shelves. Thi s climatic catastrophe was more severe in 
the northern hemisphere, where the two huge volcani c 
centres were situated , and especially severe in low 
northern latitudes, where the centre of the huge explo­
sive felsic-intermediate volcanism was located. 

The cold-water adapted fauna of the Boreal realm 
was not affected by thi s cl imat ic catastrophe. The tem­
perate to coo l-water Peri gondwana fauna was moder­
ately affected because there was no tropical warm ­
water benthos, and the climatic catastrophe was not as 
severe as in the northern hem isphere. A bipolar fauna 
was es tablished , as O/oceras from the Boreal realm 
invaded thi s area close to the PTB , probably in connec­
tion with the volcanic wi nter. 

A global warming within the lower Scythian (indi­
rectly re lated to the strong volcanism), which occurred 
a t the base of the Gandarian (= Dienerian), caused the 
extinction o f those co l d~water adapted taxa that were 
not affec ted by the vol cani c winter and flouri shed 
therefore during the uppermost Dorashamian and low­
ermost Tri ass ic in Tethys, where they occupied all 
those biotopes, from which the Te thyan warm-water 
fauna had disappeared. 

Continuing acid rain in the Gangeti an (in connec­
tion with the continuing S iberian Trap volcanism) and 
the subsequent Gandarian g lobal warming may be thc 
reasons fo r the delayed recovery o f the low latitude 
continental flora , especiall y in areas with a hot seasonal 
climate. 

The low diversity uppermost Dorashamian terrestri ­
al and fresh water fauna , to a large extent a lready adapt­
ed to shorter periods of sevcre climate (freezing tem­
peratures or drought) surv ived to a large degree, afte r 
those faunal e lement s thai were adapt ed to a perma­
nent ly warm climate had died out earli e r during the 
Dzhulfian and Dorashamian. Only rare las t representa~ 

tives of the latter fauna , like Dicynodoll , became exti nct 
close to the PTB. 

The oppo rtunistic swamp Dora was no t greatl y 
affected by a short- lasting temperature drop in low lati ­
tudes and acid rain, but many Permian gymnosperm s 
di sappeared. In the eastern Tethyan humid-tropical 
Cathays ia province , rather distinct abrupt changes in 
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the flora can be observed. The tropical Filicales-Pteri­
dospermophyta "rain forest" flora largely disappeared 
and the tropical highland nora with dominating gym­
nospenns survived. Therefore, the Cathaysia flora beca­
me rich in gymnosperms (sudden increase in bisaccate 
pollen) during the biotic crisis in connection with the 
volcanic dust fall-out, whereas in other floral realms the 
spores (especially of the Lycopodiales swamp flora) 
became dominant against the bisaccate pollen . As a 
whole, both in the terrestrial plant diversity and terres­
trial plant bioproduction a minimum began with the 
volcan ic winter within the latest Dorashamian (begin­
ning of the world-wide coal gap) and the terrestrial 
plant diversity /bioproduct ivity remained very low dur­
ing the lower and middle Scythian (coal gap). Only in 
the upper Scythian (upper Olenekian) the terrestrial 
land plant diversity recovered, but the first "post-crisis" 
coals are known only from Middle Triassic beds. 

The explosive eruptions at the northeastern Tethyan 
volcanic centre were so strong that even the ozone layer 
was depleted. Duc to the resulting strong UV radiation, 
the booming of marine (and continental?) fungi sudden­
ly ends at the base of the volcanic dust fall-out in eas t­
ern Tethys and in contemporaneous levels in other parts 
of the world. 

The drop in waler temperature in the central tropical 
Panthalassa was not severe enough to kill the warm­
wate r benthos on the narrow shelves of insular areas, 
where many warm-water taxa survived . However, these 
forms could not migrate to the faunistically depleted 
Tethyan shelves because of the wide-spread oceanic 
anoxia that reached in an unusually shallow level above 
the storm-wave base. Therefore, the recovery of the 
warm-water benthos on the Tethyan shelves was dela­
yed [or about 5 my until the end of the superanoxi a in 
thc upper Olenekian and Middle Triassic. As the sha[· 
low-water shelves around oceanic islands are unstable 
biotopes, many relic biotopes were destroyed during 
this period. Thus, finally, the strongly dclayed recovcry 
led to a delayed extinction, but many taxa survived this 
lengthy interval of relative isolation. After the end of 
the oceanic anoxia about 50 % of the genera that disap­
peared at the PTB re-appeared unchanged or slightly 
changed during the upper Olcnekian and Middle Trias­
sic. This reappearance of Lazarus taxa is followed by a 
radiation of the warm-water benthos during the Middle 
and Upper Triassic. 

This sccnario exp lain s nearly all the details of the 
cxtinction patterns in continental and marine biotopes 
as well as the delayed recovery and the high percentage 
or Lazarus taxa that re-appeared during the upper Ole­
nekian and Middle Triassic. Only two facts arc difficult 
to explain. One is the strongly delayed recovery of the 
siliceolls plankton (radiolarians) that began only in the 
uppcr Olenekian. This delayed recovery can partly be 
explained by the oceanic superanoxia because not all 
Palaeozoic-Mesozoic radiolarians lived in the upper­
most, anoxia-free water column. However, those radio­
larians that lived near the surface of the oceans should 
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have recovered very quickly as an anoxic ocean is espe­
cially nu trient-r ich (HALLAM & WIGNALL, 1997). 
However, these radiolarians, to which the Oertlispongi­
dae and a part of the Entactinaria belong, did also not 
recover before the late Olenekian or the Middle Trias­
sic. A possible explanation for this is that nearly all 
skeleton-bearing Radiolaria became ext inct ncar the 
PTB, and the Triassic radiolarian fauna developed anew 
from skeleton-less or spicular radiolarians (KOZUR et 
aI., [996a). 

Superanoxia cannot explain the delayed recovery of 
the high productivity of terrestrial plants that also 
occurred in the upper Olenekian. In low latitudes with a 
hot seasonal climate this may be explained by a strong 
warming within the Gandarian (= Dienerian). However, 
such a global climate would favour the terrcstrial pl ant 
productivity at high latitudes, but there the productivity 
also remained low. Thus, the high latitude Gondwana 
areas with Permian coals have no Lower Triassic coals, 
which do not exist anywhere else either. In the Gange­
tian, the terrestrial plant community may have been 
harmed by acid rain triggered by the conti nuing Siber­
ian Trap volcanism, but in the Gandarian and lower 
Olenekian this volcanism was finished, and no distinct 
recovery of the terrestrial plant productivity can be 
observed in that time. 

A possible explan ation for the delayed recovery of 
the terrestrial plants is the strong ext inction event of the 
fungi in the uppermost Permian, most probably caused 
by strong UV radiat ion due to destruction of the ozone 
layer. For dense vegetation comparable with tropical 
rain forest, the activity of microscopic fung i is decisive 
important. Without or with strongly reduced activities 
of these fungi such dense vegetation cou ld not sUfvivc 
for longer time because the recycling of the organic 
matter would be very much disturbed, and the soil 
would become too POOf for a dense vegetation. 

As the recovery of the terrestrial plants, the plank­
tonic radiolaria ns and of the warm-water benthos 
occurred contempo raneously in the upper Olenekian 
and Middle Triassic, there may sti ll be some unknown 
factors that prevented the lower and middle Scythian 
recovery of the biota additional to the marine anoxia. 

Some of the factors that lead to the PTB biotic crisis 
are today caused by man-made destructions of the envi­
ronment, such as increase of atmospheric CO2, air pol­
lution, begi nning destruction of the ozone layer, pollu­
tion of the sea, and destruction of the tropical rain 
forests. As the study of the Phanerozoic biodiversity 
has shown, the biosphere recovers vcry fast, if the 
harmful factors disappeared. This, however, is possible 
only until a certain level of environmental and bios­
phere destruction. Beyond this level, self-strengthen ing 
effects of the environmcntal and biosphere destruction 
come into existence that can lead to an environmental 
catastroph and biotic crisis (mass extinction etc.). The 
recent extinction rate, which is caused mainly by envi­
ronmental and biotic destruction by negative effects of 
human activities, is very high. The estimations are 
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between a daily extinction rate of74 species (SEPKOS­
KI , 1997) and 150 species (EHRLICH & WILSON, 
199 1). According to BRIGGS (1994) the extinction rate 
is today highest in the Phanerozoic. Even at the lower 
est im ation , the present extinction rate is close to the 
ex tinc tion rate around the PTB. Deci sive important 
parts of the biosphere, such as marine plankton as the 
prim ary source of the food chain, are not yet affected in 
a g lo bal scale. However, this may happen in nea r 
future, if the destruction of environment and biosphere 
co ntinue in the present level or even grow. Then the 
leve l wi ll be reached, at wh ich the self-strengthening 
and back feeding processes of a biotic crisis will domi­
nate . Thus, protection o f the environment and of the 
biosphere diversity may become soon a question of sur­
vival for the mankind. 
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PLATE I 

Hilldeodus lalidenloills praeparvlIs KOZUR, x275, sample 68 KC 33, East Greenland, Lac. 2.1 after 
TEICHERT & KUMMEL (1976), corresponds about beds 8 and 9 in River 1 section after TEICHERT & 
KUMMEL (1976). This level is situated in the river 1 section 1-15 m above the last occurrence of Oloeeras, 
and Claraia occurs in the upper part of this level. Probably T. pascoei Zone. Lower part of H. parvus Zone. 

2 Hindeodus lafidenfafus praeparvus KOZUR with very large, but broad cusp, but denticulation similar to H. 
Iypicalis (SWEET), x92, sample 68 KC 33 (see Fig. I). 

3 Very primitive Hilldeodus parvus (KOZUR & PJATAKOVA), cusp still very broad as in H. latidentatlls 
praeparvus, but this is seemingly partly caused by fusion with the following denticle in the lower half of the 
cusp, transitional form to H. latidelltows praeparvlIs KOZUR, x92, sample 68 KC 33 (see Fig. I). 

4 Primitive Hindeodlls pm'vlls (KOZUR & PJATAKOVA), x92, sample 68 KC 33 (see Fig. 1). 

5 Hilldeodus latidelltatlls praeparvlIs KOZUR, x92, sample 68 KB 8 b, River I section after TEICHERT & 
KUMMEL (1976), 1-7 m above the last Otoceras, somewhat below the first occurrence of Claraia. Probably 
T. pascoei Zone. Basal part of H. parvus Zone. 

6 Transitional form between Hilldeodus parvlIs (KOZUR & PJATAKOVA) and H. latidelltaills praepa,-vus 
KOZUR, x92, sample 68 KB 8 b (see fig. 5). 

7 Very primitive Hilldeodlls parvlIs (KOZUR & PJATAKOVA), x92, sample 68 KB 16 B, River I section after 
TEICHERT & KUMMEL (1976), beds with Claraia, >30 m above the last Otoceras. Probably Ophieeras 
commune Zone. H. parVllS Zone. 

8 Hilldeodlls par VIIS anterodelltallls (DAI & ZHANG), x 128, sample 68 KC 42 A, East Greenland, Lac. 2.1 
after TEICHERT & KUMMEL (1976), 54 m above sample KC 33. Isareicella isarcica Zone. 

9 Hindeodlls lalidelllallls praeparvlIs KOZUR, x92, sample 63 TA- 122 (for sample position see SWEET, 1970), 
Pakistan, Chhidru West A, basal Kathwai Member, upper Dorashamian (uppermost Permian). 

10 Hilldeodlls lalidelllallls (KOZUR, MOSTLER & RAHIMI-Y AZD), x92, sample 63 TA-122 (see Fig. 9). 

11 Hilldcadus latidentatus praeparvus KOZUR, x92, sample 63 TA- 122 (sec Fig. 9), 

12 Hilldeodlls parvlIs (KOZUR& PJATAKOVA), x64, sample 63 K 3-5 (for sample position see SWEET, 1970), 
Pakistan, Chhidru West A, lower Kathwai Member, clay bed ca. 1.3 m above sample 63 TA-122. H. parvlts 
Zone of lowermost Triassic. 
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