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Abstract 

The Petmian-Triassic transition, a time of phenomenal palaeoenvironmental and palaeogeographical change, represents the 
largest episode of mass extinctions known to palaeontologists, This episode is, however, very poorly understood, and a lack of 
sediments and palaeontological data, particularly in the continental record, is a feature common to every basin, Despite 
compelling information on the continental Permian-Triassic boundary (PTB) emerging from recent effOlis evaluating vertebrate 
evolution, fungal events and isotope curves, results are still insufficient to make any valuable correlations among continental 
basins and are even less appropriate for relating sediments of continental to those of marine origin, The present report discusses 
and attempts to locate the PTB in the basins of Iberia and Balearic Islands through an analysis of the palaeontological and 
sedimentary record across the Permian-Triassic transition, The aim of the paper is to contribute to our present knowledge of the 
palaeogeographical and stratigraphical significance of the Permian and Triassic continental units of Western Europe, 

The present-day Iberian Ranges, Catalonian Ranges and Balearic Islands hold the most complete Late Petmian-Early 
Triassic sedimentary record in Iberia, This record consists of alluvial sediments, mainly of braided fluvial systems, corresponding 
to the "Saxonian" and Buntsandstein facies, All the units examined so far have been dated through palynological associations, 
The two "Saxonian" facies fOlmations are of Thuringian age, although the lower one shows some palynological elements of 
Autunian affinities, The Buntsandstein units range from Thuringian to Anisian in age, there being no evidence up to now of 
the Scythian in Iberia, The exact position of the PTB in Iberia is up to now impossible to pinpoint with the precision of the 
marine series, Sedimentary characteristics and palynological data in the Iberian Ranges point that it lies at the sedimentary 
interval, 10 to 30 m thick, formed by the upper member of the La Hoz del Gallo Formation and the lowermost beds of the 
Cafiizar FOlmation or its time equivalent the Prades and Eramprunya units in the Catalonian Ranges and the Asa and B-1 in 
the Balearic Islands, We compare a normalized standard Late Permian-Middle Triassic column of the Iberian Ranges with 
standards from Western and Central Europe and the Southern Vrals using recent Permian time scales, A palaeogeographic 
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essay map of the Perrnian Triassic transition is provided for the Iberian Plate. The plate was located in a northern subtropical 
position, 200 400 km from the westemmost Tethys coast, as part of the Central Pangean MOlmtain Range comprised of the 
Appalachian Mauretanide Variscan orogenic belts of estimated altitudes 2000 4000 m. Based on this palaeogeographic 
location, sedimentary characteristics and the main wind flows established for the Tethys, we can infer conditions of high 
precipitation dominated by monsoon and seasonal regimes "With isolated semiarid areas for the Iberian Plate during the 
transition. 

Keywords: Late Pennian; Triassic; Pennian-Triassic bmmdary; Iberian Ranges; stratigraphy 

1. Introduction 

The end-Permian was for most palaeontologists the 
largest of five major Phanerozoic mass extinction 
episodes, and a time of considerable environmental 
change and lithosphere activity that triggered a chain 
of palaeogeographical changes affecting most of the 
planet. General recovery after the end of the Permian 
took most of the Triassic, although this recovery was 
only partial. 

The exciting, enigmatic nature of the Permian
Triassic boundary (PTB) has prompted a plethora of 
recent works that have attempted to explore new ideas 
concerning the factor or factors that may have pro
voked the changes observed across the boundary 
(Retme and Basu, 199 1; Erwin, 1993; Hallam and 
Wignall , 1997; lsozaki, 1997; Kozur, 1989, 1998 ; 
V!sscher et aI. , 1996; Wignall and Hallam, 1992; Ym 
and Tong, 1998; Twitchett, 200 1; 1\vitchett et aI., 200 1; 
Looy et aI. , 2001; BenlOn and Twitchett, 2003 ; Racki, 
2003, among others). There are no clear arguments 
supporting a sudden mass extinction accompanied 
by drastic palaeogeographica1 or atmospheric change, 
but rather the balance of opinions seems to favour a 
more gradual chain of events with drastic conse
quences. Moreover, continental and marine environ
ments respond differently to change and although 
extinctions were more severe in the latter, in which 
95% of all marine animal species became extinct, 
terrestrial ecosystems were also severely affected. 

Investigations of the PTB are met with the main 
slOmbling block of accurately estimating the age of 
continental late Permian-Eady Triassic sediments. 
Descriptions of the sedimentary units of most of the 
world's sedimentary basins close to this transition 
indicate a lack of sediments, and still worse, in 
many cases the palaeontological record provides no 

clues on the magnitude of these voids or even if 
sediments initially existed or not. A few examples 
of basins well described through their continental 
sediments during this transition have indicated very 
complete successions. However, these successions 
hardly permit correlations to be made among separate 
basins or even between neighbouring basins. The 
coincidence between faWlistic (reptiles) changes and 
drastic variations in ol3e excursion suggests that bio
logical and palaeoenvironmental changes in the Karoo 
basin (South Africa) temporally coincided with others 
changes observed in the PTB of other regions and 
environments (MacLeod el aI. , 2000). In the same 
basin, a recent study established that mass extinctions 
of terrestrial fauna and flora around this boundary 
coincide with changes in the sinuosity of the river 
channel systems in the same sediments (Smith and 
Ward, 200 1; Hmlcox et aI., 2002). Many other reports 
on continental sediments have also indicated signifi
cant events or changes aroWld the PTB, such as those 
related to the presence of fungi (Eshet et aI., 1995; 
Visscher et aI., 1996), the synchronous ol3e record 
(Morante, 1996), abrupt micro- and macro floral mo
difications (poor et aI., 1997; Lozovsky, 1998), eco
logical landscape shifts and changes in palaeosol 
characteristics (Retallack and Kroll, 1999; Kroll and 
Retallack, 2000) or vertebrate extinctions (Ruhidge, 
1995; Smith and Ward, 2001 ), among others. 

Despite problems in locating the PTB in continen
tal sediments, the stratigraphical and palaeogeographi
cal significance of this bOWldary requires additional 
information for Wlderstanding the Permian-Triassic 
transition across vast expanses of the world, including 
very different ancient latitudes. Permian-Triassic 
bOWldary in continental sediments were generally 
formed under different palaeogeographic and palaeo
tectonic conditions, so they show clear lithological 
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and sedimentological differences. Tetrapod fauna and 
sporomorph associations are among the most reveal
ing palaeontological correlation data for continental 
sediments, but Wlfortunately not all basins are suffi
ciently rich in these fossils. Furthennore, the PTB in 
most continental basins still shows many correlation 
problems. 

The scope of the present report is to contribute to 
the discussion of the timing and events at the PTB in 
continental sediments by means of describing the age 
and the sedimentary and palaeogeographic character
istics of the sediments of the Pennian-Triassic tran
sition in the Iberian Plate up to the first invasion of 
the westward expanding Tethys during the Anisian 
(Fig. lA). We discuss the problem represented by 
the gaps in the sedimentary record for this transition 
and the changing palaeogeography of this area 
induced by rapid extensional dynamics. Four main 
domains (Cantabrian-Pyrenean, Iberian, Catalonian 
and Betics), or the present-day Alpine ranges (Cantab
rian MOWltains, Pyrenees, Iberian Ranges, Catalonian 
Coastal Ranges and Betic Cordillera, respectively) 
contain Pennian and Triassic sediments in the Iberian 
Plate (Fig. lE). The Betic Cordillera is out ofthe scope 
of this work since they only show a few and incom
plete outcrops, and palaeogeographic connections with 
coeval strata in the northern basins are still Wlcertain 
(Simon, 1987). These basins, as most of the Western 
and Central European basins of the same period of 
time, were related to multidirectional rift systems 
refilled with alluvial, marine carbonates and evaporitic 
sediments that constitute the classic trilogy of the Ger
man basin Triassic: Buntsandstein, Muschelkalk and 
Keuper. 

2. The Upper Permian-Lower Triassic sediments 
and their age in Spain 

The first appearance of the conodont Hindeodus 
parvus was proposed as the most precise and wide
spread datum for defining the PTB in the proposed 
marine global stratotype section in Meishan, China 
(Yin et aI. , 1988, 1996). However, in many other 
areas, as in Germany (the Buntsandstein) or in the 
Urals (the top of the Permian), the rocks of this 
bOWldary are of continental origin, and thus W1Suita
ble for a worldwide correlation. Many efforts have 

recently focused on establishing correlations between 
the PTB in continental basins and the PTB in the 
marine sediments of Meishan. Although there are 
still several obstacles, such as the possibility that the 
first appearance datum of Hindeodus parvus in the 
Meishan section is asynchronous (Baud, 1996), cor
relation attempts include the use of the Illawarra 
magnetic reversal recently proposed by Merming 
(2001) or the complete stody performed in Jameson 
Land, East Greenland (Twitchett et aI. , 2001; Stem
merick et aI., 200 I), showing well-preserved marine 
faWla and terrestrial palynomorphs in the same area 
such that biotic crises in the marine and terrestrial 
realms can be compared in samples from the same 
section. Moreover, the combined presence in the 
Jameson Land section of the conodont Hindeodus 
parvus and a 513Ccarb record may allow for correla
tions between terrestrial stmta and the marine Meishan 
section. 

In spite of these efforts, detennining the location of 
the PTB in continental sediments, remains a matter of 
discussion. The lack of reliable fossil zones in Wes
tern Europe, as in Iberia, has largely hampered the 
biostratigraphical classification of Pennian rocks, tra
ditionally dependent on lithostratigraphical considera
tions. However, in many Pennian successions of 
Western Europe, palynological data has successfully 
allowed for regional correlations outside the area of 
the Central Europe Zechstein Basin, where some suc
cessions traditionally considered as Late Pennian are 
still of dubious age. 

2.1. Age of the sediments 

In Spain, the youngest Permian sediments belong 
to the Thuringian, a Western European stratigraphic 
term approximately equivalent to the upper half part 
of the Zechstein epoch (Fig. 2). All show different 
characteristics, although there are several important 
gaps of deposition in the sedimentary record. The 
oldest sediments of Triassic age are up to now dated 
as Anisian. To date, there are no sediments dated as 
Scythian (Lower Triassic) in Iberia (L6pez-G6mez et 
al., 2002). 

Table I provides a summary of the Upper Per
mian-Lower Triassic Wlits of the main Iberian Plate 
Pennian-Triassic basins examined here. The Late Per
mian (Thuringian) and Middle Triassic Anisian ages of 
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Table 1 
Synthesis of the stratigraphical llllits of the Late Pennian -Lower Triassic basins of Iberia and Balearic Islands 

Period 

Age 

Facies 

Basins 

Cantabrian 

Pyrenean 

Catalonian 

Area 

Western 

Central-Western 
Eastern 

Western 
Central 
Eastern 

North-West 
Central-North 
South-East 

Northern 

North 
Central 
South 

Majorca and 
Minorca 

Late Permian 

Thuringian 

"Saxonian" 

bcu, Isu, cu, Ib, 
Rmc, usu, umc. 
CaraviaFm. 
Sagra Fm. 

Upper red unit 
Upper red unit 
Upper red unit 

Montesoro Beds Fm. 
Boniches Fm., Aicotas Fm. 

Araviana Unit 

Port d' es Canonge Fm. 

Early Triassic 

Scythian 

Buntsandstein 

---------------

---------------
NansaFm. 

Bl unit 
Bl unit, B2 unit 
B2 unit 

RSC, RSS, CSM Fms. 
HGC, RGS, PB, AS Fms 
Caiiizar, Eslida, Marines Fms 

Tierga Unit, Ci"licena Unit 

Anisian 

Musch.-+ 

St. Jaume, Caldes, Figaro, UECSC Units 
Garraf, Brugers, Erampmya, Aragal, UECSC Units 
Bellmunt, Prades C., Prades S., UECSC Units 

Asi"l Fm., Son Serralta Fm. 

Main references 

Martinez Garcia, 1991; 
Pieren et aI., 1995; 
Martinez Garcia, 1991; 
Gand et aI., 1997; 
Martinez Garcia, 1981. 

Gisbert, 1983; Mirouse, 1962; 
Broutin et aI., 1988; Gisbert, 1983; 
Gisbert, 1983; Souquet et aI., 1983; 
Calvet et aI., 1993; 
Sole de Porta et aI., 1987 

Sopefia, 1979; Sopefia et aI., 1988; 
Ramos, 1979; 
L6pez-G6mez and Arche, 1993; 
Arribas, 1984; Diez, 2000. 

Marzo, 1980; Marzo and Anad6n, 1977; 
Marzo, 1980; Marzo and Calvet, 1985; 
Marzo, 1980; Calvet and Marzo, 1994; 
G6mez-Gras, 1993; Anad6n et aI., 1979. 

Ramos,1995;Rodriguez Perea et a1.1987 
Broutin et aI., 1992; Arche et aI., 2002 
Ramos and Doubinger, 1989, Calafat 
Col om, 1988, A..lvarez-Ramis et aI., 1995 

See Fig. 1 for locations. bcu-basal conglomerate llllit, lsu-Iower siltstone llllit, cu-el cayo llllit, lb-limestone breccia llllit, TInc-red marls with cavities llllit, usu-upper siltstone 
llllit, umc-upper marls and clays llllit, RSC-Riba de Santiuste Conglomerate, RSS-Riba de Santiuste Sandstone, CMS-Cercadillo Mudstone and Sandstone, HGC-La Hoz del 
Gallo Conglomerate, RGS-Rillo de Gallo Sandstone, PB-Prado Beds, AS-Arandilla Sandstone. 



the continental sediments in Iberia have been basically 
inferred from pollen and spore assemblages in the 
Catalonian (Vrrgili, 1958; Marzo and Calvet, 1985; 
Sole de Porta et aI. , 1987; Calvet and Marzo, 1994) 
and Iberian Ranges (Boulouard and Viallard, 1971 ; 
L6pez-G6mez et aI., 1984; L6pez-G6mez, 1985; Dou
binger et aI. , 1990; Sopefia et aI., 1995; Gisbert, 1983; 
Diez, 2000). Upper Palaeozoic sediments (Camvia 
Formation) in the Central Cantabrian Basin have 
been identified as Upper Permian (Martinez-Garcfa, 
1991) using stratigraphical criteria, while strata attrib
uted to the Anisian never have been dated. In the 
western Pyrenean Basin, both the Late Permian (Thur
ingian) and Anisian have been located through paly
nomorph assemblages (Brourin et aI. , 1988; Calve! et 
aI. , 1993). The sedimentary record and age data for the 
Iberian and Catalonian Ranges are clearly more 
detailed than those for the Cantabrian and Pyrenean 
Basins, and are therefore used as the basis for the 
present study and as a reference for comparisons 
with other basins. A scheme of the main characteristics 
of the Wlits representing the Permian-Triassic transi
tion in the Iberian and Catalonian Ranges is shown in 
Table 2. 

The available chronostratigraphic data, the good 
quality of the outcrops and previous stratigraphical 
work on the continental sediments of the PTB of the 
Iberian basin are such that these sections may be 
correlated with other classic sections of the present
day circum-Mediterranean area, such as those of Cas
sinis et al. (1992). Fig. 2 shows a stratigraphic scheme 
of the Lower and Upper Permian units and Lower 
Triassic of different areas proposed by several authors. 
Time scale calibmtion was based on Menning (1995, 
2001). This scheme attempts to show the succession 
of chronostratigraphic units in selected areas rather 
than correlations among them. Correlations between 
these selected sections must be regarded as inaccurate, 
since they are all based on preconceptions as to the 
relative completeness of the Permian sequence of 
Western Europe. Only the Tatarian stage of the central 
part of the Russian platform can be reasonably corre
lated with the Thuringian based on palynological data 
(Visscher, 1971 ). The most detailed and recent zona
tion by means of palynomorphs of the Permian con
tinental deposits is that of Gorsky et a1. (2003) in the 
classical area of the Russian platform. According to 
them, the Late Permian Lopingian series are equiva-

lent to the upper part of the Tatarian (see Table 1 in 
Gorsky et aI. , 2003). 

The Tatarian contains two palynomorph zones 
(Gorsky et aI. , 2003): Taxodocites permicuus zone 
(zone 29), at the top, and Vitrieisporites pallidus 
zone (zone 30), at the base. The upper zone, or zone 
29, contains in the Russian platform, among others, 
Punctatisporites sp., Lycospora sp., Platysaccus papi
/ionis, Lueckisporites virkkiiae, Limitisporites sp., 
Protohaploxypinus sp. and Protohaploxypinus 
sevardi, all of them fOWld in the Alcotas Formation, 
so it is reasonable to attribute a similar age to the 
Iberian Ranges deposits, that is, upper Tatarian or Late 
Lopingian (~Thuringian). The lower zone (zone 30) 
contains, among others, Lycospora sp., Densoispor
des nejburgii, Vitiatina sp., Falcisporites sp., Lueck
isporites virkkiae, all of them found in the Boniches 
Formation, so a lower Tatarian age is reasonable for 
this sediments. As the zone 31, also from the above 
mentioned authors, also contains among others Lueck
isporites virkkiae and Vittatina sp., a Middle Permian 
age (Kazanian, or lower Wordian in the Chinese 
marine series), cannot be ruled out, but the time 
interval between the basal Changhsingian and the 
lower Wordian is about 15 Ma and the Boniches 
Formation of alluvial fun origin is only about 80 m 
thick, these deposits cannot represent this long time 
span, so we consider that only the zone 30, or even its 
upper part, is present in this formation. 

The sections selected for this study are summarised 
form based on recent descriptions of the most com
plete sections reported in L6pez-G6mez et a1. (2002) 
for Permian and Triassic strata in the Iberian Ranges 
and Catalonian Ranges of eastern Iberia. At these 
sites, sections are more complete than in the rest of 
Iberia and contain abWldant palynoflora. The remain
ing sections comprising this figure are the standard 
stages accepted by the Subcommission on Permian 
Stratigraphy (Yin et aI., 1996; Jin et aI., 1997) and 
three sections of the classic, representative european 
areas: Western Europe (Visscher, 1971, 1973), Central 
Europe (Menning, 1993, 1995) and the S. Urals (Chu
vashov, 1994). 

The Saxonian term has been abandoned by many 
authors since it was originally based on two comple
tely different formations in Germany that were tradi
tionally thought to be equivalent (Visscher, 1973). In 
Iberia, the "Saxonian" term has been traditionally used 



Table 2 
Synthesis of the main sedimentary characteristics of the Pennian-Triassic transition units in the Iberian and Catalonian Basins 

Period Facies I Basins 

Iberian Catalonian 

Unit Area Description-Interpretion References Unit Area Description-InteTpretion References 

u Rillo de Central Medium-grained red Ramos, 1979; Garraf Garraf Medium-grained red Marzo, 1980 
SO Gallo sandstones and intercalated Ramos et al., 1986; sandstones with Anaddn et ai. , en 
." or conglomerates. Longitudinal Perez-Arlucea and longitudinal and 1979; Calvet and 
Pl and transversal bars Sopefta, 1985. transversal bars Marzo, 1994. ~ 

" . - Thickness: 40-150m . Thickness: 40-60 m. 
" Caftizar SE Fluvial braided systems. L6pez-Gdmez and Fluvial braided -~ 

Arche,1993; Arche systems. "0 

" and Ldpez-G6mez, ----- " ~ 1999. -" = 
CO 

Hoz del Central Quartzite subrounded Ramos,1979; Erampruya Garraf Subrounded quartzite Marzo, 1980; 
Gallo. conglomerates with planar Ramos and conglomerates. Planar Anaddn et ai. , 

Z cross-stratification. Sopefta, 1983; cross-stratifi cation. 1979; Marzo and 
." Thickness: 10-150m. Ramos et al., 1986. Thickness: 10-40 m Calvet, 1985. 

~ Alluvial fans progradation Braided rivers in 

" 
into transversal braided proximal alluvial fan 
plains. complex. 

See Flg . 1 for locatlOns. 



to denote a facies of red beds strati graphically located 
between the two unconfonnities that separate these 
sediments from the Buntsandstein and the Autunian 
(Fig. 3A), i.e., the Alcotas and Boniches Fms., with 
typical Thuringian palynomorph associations but with 
some Autunian palynomorphs still included in the 
associations fOWld near the base of these sediments 
(Doubinger et al., 1990). In the same way, the term 
Buntsandstein is used here as a fades and does not 
represent the time equivalent of the Buntsandstein of 
the Lower Triassic classic Germanic-type sediments. 
Autunian sediments fall out of the scope of this work. 

In the Iberian Ranges, the "Saxonian" facies (Fig. 
2) is very well developed. It mainly consists of con
glomerates in the lower part, the Boniches Formation 
(L6pez-G6mez and Arche, 1997) (Fig. 3B), and silt
stones and sandstones, the Alcotas Formation (Arche 
and L6pez-G6mez, 1999), or its northwestern lateral 
equivalent, the Montesoro Beds (Ramos, 1979) in the 
upper part (Fig. 3C). The age of both formations is 
Thuringian, well determined by means of pollen and 
spore assemblages (Doubinger et aI., 1990; Sopeiia et 
aI., 1995), although the presence of Vittatina and 
Potoniesporites (AutWlian forms) in the Boniches 
Formation assemblages indicates that the latter forma
tion would correspond to the lower part of the Thur
ingian (Doubinger et aI., 1990). 

A clear unconformity, traditionally related to the 
Palatinian orogenic phase of Central Europe, separates 
the "Saxonian" facies sediments from those repre
sented by the Buntsandstein facies sediments (Fig. 
3D). This latter facies is represented from bottom to 
top by quartzitic conglomerates, the La Hoz del Gallo 
Formation (Ramos, 1979) (Fig. 3E) only in the central 
areas of the Iberian Ranges, red sandstones repre
sented by the Rillo de Gallo Formation (Ramos, 
1979) or its time equivalent, the Caiiizar Formation 
(Fig. 3F), from Ramos (1979) and Upez-G6mez 
(1985) respectively, red siltstones and sandstones, 
the Eslida Formation or its time equivalent Ci1cena 
Formation, from Arche and L6pez.G6mez (1999) and 
Arribas (1984), respectively (Fig. 3G), only in the 
eastern area of the Iberian Ranges, and clays, marls 
and mudstones, or Rot (upper Buntsandstein) facies, 
the Marines Formation, from L6pez-G6mez and 
Arche (1992) (Fig. 3H). Herein, we only focus on 
the sediments related to the PTB, thus will only deal 
with the La Hoz del Gallo and Caiiizar Formations 

(BuntsandsteinFacies) (Fig. 2). The age of the LaHoz 
del Gallo Formation is Thuringian (Ramos and Dou
binger, 1979) and that of the upper Caiiizar Formation 
is Anisian (Doubinger et aI., 1990). The upper transi
tion of the La Hoz del Gallo Formation to the Caiiizar 
Formation is gmdual, although the first unit changes 
its thickness laterally as its lower part was not depos
ited eastward of the Iberian Basin (see A and B in the 
stratigraphic scheme for Spain shown in Fig. 2). 

3. The Permian - Triassic boundary in Spain 

In Spain, as in most of Europe, the lack of a 
complete biostratigraphically based classification for 
the PTB has prompted the need for a lithostratigra
phical approach (Vrrgili et aI., 1983; Sopena et aI., 
1983,1988; Virgili, 1987; L6pez-G6mez et aI., 2002). 
Further, only the Permian and Triassic sedimentary 
successions of the Iberian Ranges have yielded paly
nological information on the sedimentary units of this 
time interval. 

The sedimentary record clearly differs from the 
Permian to the Triassic in the Iberian Plate basins 
(Fig. 1). In the Cantabrian Mountains and Pyrenees, 
the scarcity of Upper Permian-Lower Triassic sedi
ments is an important characteristic (NIartinez-Garcia, 
1991, 1999; Gisbert, 1984; Pieren et aI., 1995) (Fig. 4). 
Only the Central Pyrenees contains a section with two 
palynological associations indicating Thuringian and 
Anisian ages for the lower and upper portions of the 
Buntsandstein facies, respectively (Broutin et aI. , 
1988) (Fig. 4). The Iberian Ranges, Catalan Rauges 
and Balearic Islands show a similar but more complete 
succession. These basins have Thuringian palynologi
cal assemblages in the lowest Buntsandstein sediments 
(Boulouru:d and Viallard, 1971 ; Ramos and Doubinger, 
1979; Sopeiia, 1979; Ramos and Sopeiia, 1983; POrez
Arlucea and Sopena, 1985; Doubinger et aI., 1990; 
Sopeiia et aI. , 1995 for the Iberian Rauges, Marzo and 
Anad6n, 1977; Anad6n et aI., 1979; Marzo and Calve!, 
1985; Sole de Porta et aI., 1987 for the Catalonian 
Rauges, and Bourrouilh, 1973; Ramos and Doubinger, 
1989; CalaIat Colom, 1988; Broutin et aI., 1992; 
G6mez-Gras, 1993; Alvarez-Ramis et aI., 1995 for 
the Balearic Islands). 

The lower part of the Buntsandstein facies, or the 
La Hoz del Gallo Formation consists of a series of 
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fining-upward sequences of rounded conglomerates 
deposited by braided fluvial systems, ranging from 
50 to 150 m in thickness (Ramos, 1979). The La Hoz 
del Gallo Formation only crops out in the central area 
of the Iberian Ranges. 

The middle Buntsandstein facies sediments of 
Iberia mainly consist of red sandstones and are repre
sented by the Cafiizar or Rillo Formations in the 
Iberian Ranges or its equivalent Eramprunya Forma
tion (Marzo, 1980) and Asa Formation (Ramos, 1995) 
in the Catalonian Ranges and Balearic Islands, respec
tively (Fig. 4). From a sedimentological perspective, 
these Wlits are interpreted as bmided fluvial systems. 
In the Cafiizar Formation, L6pez-G6mez and Arche 
(1993) mapped 6th-order surfaces and interpreted 
them to be the main bOWlding surfaces for the entire 
basin, representing regional erosion surfaces resulting 
from the reorganization of fluvial depositional systems 
following pulses of basin-margin faulting and gentle 
regional tectonic tilting. Each sandstone sheet sepa
rated by main bOWlding surfaces could therefore be 
defined as an alloformation separated by erosion sur
faces. These authors also considered that the time of 
erosion represented by these latter surfaces was prob
ably much longer than the time represented by the 
sedimentation of the alloformations, thus the Caiiizar 
Formation, or time equivalent Wlits in neighbouring 
basins, was deposited over a very long time interval, 
and although we know that the upper part is Anisian in 
age by means of a palynological assemblage described 
by Doubinger et al. (1990), we carmot preclude the age 
of the lower part. More recently, Diez et al. (1996) and 
Diez (2000) also described a palaeoflora of Anisian 
age in the BWltsandstein facies of the Northern or 
Aragonese branch of the Iberian Ranges. 

For the general section of Iberia (Fig. 2), we have 
chosen what is considered the two more complete 
representative sections for the PTB, both from the 
Iberian Ranges, from its central or Albarracin
Boniches area (A) and southeast or Eslida (B) area. 

Fig. 4 shows these two (A and B) representative 
sections of the "Saxonian"-BWltsandstein facies of 
the Iberian Ranges together with the equivalent repre
sentative sections from the rest of the main Permian
Triassic basins of Spain. 

If the age of the lower part of the La Hoz del Gallo 
Formation is Thuringian and the age of the upper part 
of the Cafiizar Formation. is Anisian (Middle Trias
sic), the PTB in the Iberian Ranges must be located 
somewhere within these Wlits or corresponds to a gap 
in the sedimentary record inside these Wlits. Alterna
tive A represents the lowermost location for the and 
assumes that the palaeogeographical and palaeoclima
tological changes inside the Hoz del Gallo Formation 
indicated by the presence of dreikanter (or ventifacts), 
total absence of macro- and micro flora and change in 
fluvial style are due to the PTB crisis. In this alter
native, the PTB in Iberia could thus be represented in 
the lower part of the Buntsandstein facies, probably 
only a few meters above the Wlconformity separating 
the "Saxonian" and BWltsandstein facies sediments, or 
its probable European equivalent, the Palatinian 
unconformity. Similar hypotheses were proposed by 
Geiger and Hopping (1968) and Visscher (1971) for 
the North Sea and Ireland, respectively. Alternative B 
represents, on the contmry, the uppermost possible 
location for the PTB somewhere inside the lower 
part of the Cafuzar Formation. This latter case 
would assume that the sudden change in fluvial 
style at the base of the Cafuzar Formation was caused 
by the die off the flora in the aftermath of the western 
Siberia basaltic eruptions. In any case, both alterna
tives represent an interval no more than 10-30 m of 
sediments which is a very short absolute time interval 
for continental sediments. Only very detailed palaeo
magnetic and geochemical studies could give a more 
precise location for the PTB in this area. 

Fig. 4 tries to correlate this boundary with other 
Permian-Triassic basins of Iberia. The upper member 
of the La Hoz del Gallo Formation can be correlated 

Fig. 3. Pennian-Lower Triassic lUlits of Central-SE Iberian Ranges. Auhmian: A-Tabarreiia Fonnation The arrow is indicating the 
lUlconfonnity between the Auhmian and "Saxonian" facies sediments (notebook for scale is 22 cm). "Saxonian facies": B-Boniches Fonnation 
in the center of the picture (bar for scale in the upper left side is 19 m) and C-Alcotas Fonnation (bar for scale in the upperright side is 3.5 m). 
BlUltsandstein facies: D-Unconfonnity (traditionally related to the Palatinian phase of Central Europe) separating BlUltsandstein (above) and 
"Saxonian facies" (notebook for scale is 22 cm), E-La Hoz del Gallo Fonnation (lower BlUltsandstein lUlit) in Boniches area, F-Caiiizar 
Fonnation (bar scale is 21 m), G-Eslida Fonnation, H-Marines Fonnation (or Rot facies) (hammer for scale is in the center of the picture). 
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Fig. 4. Representative sections and lUlits of the Pennian-Triassic basins of Iberia. I-Martinez-Garda (199 1), 2-Martinez Garcia (19&1), 3-Gand et al. (1997) , 4-Maas ( 1974), 
5-Mirouse (1962), 6-Lucas and Gisbert (1995), 7-Gisbert (1983), 8-Gisbert et al. (1985) md Broutin et a!. (1988), 9-L6pez·G6mez and Arche (1993), IO-Ramos ( 1979), 
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with the upper part of the Prades Conglomerate Unit 
in the Catalan Ranges and the conglomerates at the 
base of the Asa Fonuation in Majorca and the B-1 
conglomerates in Minorca in the Balearic Islands 
(Arche et al. , 2004) (Fig. 4). 

4. Palaeogeography 

The Late Pennian-Lower Triassic configuration of 

Pangea is still a major unresolved geodynamic ques
tion. Many of the continental collisions, which began 
in the Carboniferous, reached maturity in the Early 
Pennian, a time in which Pangea was crossed by 
large mOWltain ranges. This supercontinent showed 
signs of inherent instability during the Late Penuian 
after a period of consolidation in Early Pennian times 
(Ziegler, 1982). The Late Penuian, however, saw a 
clear decline in these ranges and many inland basins 
accumulated huge piles of sediments of continental 
origin following the reactivation of fracture systems. 
The Tethys region is certainly on of the most com
plex regions in Pangea (Scotese and Lanford, 1995) 
and there is no consensus regarding the number, 
extent, and configuration of the different crustal 
blocks that crossed the Tethys at the end of the 
Palaeozoic (Nie et al., 1990). Despite these problems, 
several interesting recent Late Pennian palaeogeo
graphic reconstructions including the Iberian Plate 
have appeared in the literature (see Ziegler, 1988, 
1990, 1993; Ziegler and Stampfli, 2001 ; Stampfli and 
Borel, 2002; Stampfli et aI. , 2001 ; Ford and Golonka, 
2003 ; Ronov et aI., 1984, among others). These 
reconstructions are mainly comprised of regional
or global-scale maps based on palaeogeographical 
summaries. 

4.1. Iberian Plate 

The Iberian Plate was part of the large Hercynian 
foldbelt that fonued at the end of the Carboniferous 
after the continent--continent collision of Laumsia and 
Africa (Dewey and Burke, 1973). The evolution of 
this plate during the latest Carboniferous to Late 
Triassic times can be divided into three successive 
periods, each with different tectonic, magnetic and 
sedimentological characteristics: the Latest Carboni
ferous-Early Penuian, the Late Penuian and the 

Latest Pennian-Late Triassic. This evolution was clo

sely linked to the development of the western Tethys 
area during these periods of tectonic instability due to 
substantial plate reorganization (Beauchamp, 1997), 
clearly related to the replacement of the Palaeotethys 
by the Neotethys. The latter has a complex history of 
crumibalism of different generations of back-arcs, as 
pointed out by Stampfli and Bore! (2002), subducting 
increasingly older and mechanically stronger oceanic 
lithospheres. 

During Latest Pennian-Earliest Triassic times, the 
Iberian Plate was located north of the equator and 
south of the tropic (Ziegler and Stampfli, 2001 ; 
Beauchamp and Baud, 2002) acting as a main door
way for the defmitive westward propagation of the 
Neotethys reaching the plate during the Anisian. The 
equatorial seaway between the Palaeotethys and 
western oceans had been previously eliminated due 
to continued closure between the gondwanan and 
laurasian elements of Pangea (Ford and Golonka, 
2003). As most of Central and Western Europe 
during the Pennian-Triassic transition, Iberia was 
also affected by a period of regional regression of 
the Arctic Sea and the inception of a complex, 
multidirectional rift system that transected the Var
iscan fold belt (Ziegler, 1990; Don" 1991). The 
evolution of this rift system was related to the initial 
break-up of Pangea and the southward propagation 
of the Norwegian-Greenland sea rift and develop
ment of the Tethys rift systems. As the result of this 
widespread extensional tectonics, the Cantabrian
Pyrenean, Catalonian and Iberian basins were 
created and began their development during the 
Thuringian (Arche and L6pez-G6mez, 1996). The 
opening and evolution of these basins was not syn
chronous. The Iberian trough was the first to open 
during the Late Penuian, followed by the Catalonian 
and Cantabrian Pyrenean basins during the Early 
Triassic. The Betic and Western Lusitanian basins 
appeared later, perhaps during the Middle to Late 
Triassic. Fig. 5 shows a scheme of the palaeogeo
graphical reconstruction of Iberia and its relationship 
with the western Tethys area, indicating the main 
zones of sedimentation, elevated areas and those 
covered by the sea. The general interpretation of 
the western Tethys in this figure is based on Ziegler 
and Stampfli (2001), Ziegler (1988), Stampfli and 
Borel (2002) and Ford and Golonka (2003). 
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Some of the basins of Iberia were the result of 
reactivation of ancient Hercynian faults (Arthaud and 
Matte, 1977; Alvaro et aI. , 1979; Ziegler, 1988; 
Arche and L6pez-G6mez, 1996), representing the 
initial phase of post-Variscan plate reorganization. 
This initial break-up of Pangea was related to a 
series of strike-slip fuults that dissected the Variscan 
foldbelt and its associated foreland areas. The devel-

opment of the different rift systems in Central and 
Western Europe was not coeval and did not affect 
the Iberian Plate. After minor faulting induced by 
transtensional defonnation during Stephanian-Autu
nian times, Iberia, as well as part of NW Africa, 
fonned a coherent positive area while major grabens 
that had already started to form during the deposition 
of the Rotliegendes occupied the area from Poland to 



the Black Sea. The seas of the End Permian advanced 
westward along the axes of these pre-existing rift 
systems, while basins in Iberia were filled by thick, 
red beds sequences of continental origin (Sopefia et 
al., 1988; Van Wees et aI., 1998; Arche and L6pez
Gomez, 1999). 

Three main rift systems crossed the Iberian Plate 
during the time of transition from the Pennian to the 
Triassic: NW-SE, N.NW-S.SE and NE-SW related to 
the Cantabrian-Pyrenean, Iberian and Catalan basins, 
respectively (Fig. 5). However, these systems did not 
originate at the same time. The NW-SE rift system 
was related to the Pyrenean-Bay of Biscay wrench 
fault system, probably already associated during Lat
est Carboniferous times with the propagation of the 
southern Irish Massif rift troughs. During Late Per
mian times, and only in a punctate manner during the 
Autunian, the N.NW-S.SE trend was developed as an 
associated system arising from the opposite movement 
of the two major bounded fault systems of the Iberian 
Plate: Chedabucto-Gibraltar and Pyrenean-Bay of 
Biscay (Arthaud and Matte, 1977). The latter NE
SW rift system is the youngest. It commenced devel
opment during the Late Pennian when troughs were 
refilled with "Saxonian" fades sediments and Wlder
went clear reactivation during Early Triassic-Anisian 
times, with thick red beds sequences accumulations of 
Buntsandstein facies and allowing the fIrst entrance of 
the Neotethys waters that resulted in extensive accu
mulations of shallow waters sediments (upper Bunt
sandstein or Rot facies) plus Muschelkalk facies (Fig. 
5). This latter reactivation was intimately related to the 
rapid southward propagation of the northern Europe
Greenland sea rift across the Hesse-BurgWldy corri
dor that reached the Iberian Plate during Early Triassic 
times and propagated southwestward until the Middle 
Triassic (Arche and L6pez-G6mez, 1996). Different 
isolated small highs arose along the elevated flanks of 
the main troughs. The distribution of these small 
blocks are still a matter of debate, although recent 
detailed isopach maps (L6pez-G6mez et aI., 1998, 
2002; Van Wees et aI., 1998; Arche et al., 2002; 
Vargas, 2002) enabled us to reconstruct their location 
with more accuracy (Fig. 5). This distribution permits 
us to detennine that some traditionally interpreted 
highs, as the Ebro, Lleida or Montalbful, are repre
sented by small elevated areas, rather than large, 
isolated areas. 

It may be concluded that the general development 
of the Late Pennian-Triassic basins of Iberia followed 
a similar pattern to those in Europe, although this 
development was not coeval. Fwthennore, facies 
representing sediments refIlling the European rifts 
systems, "Saxonian" and BWltsandstein and later, 
Muschelkalk and Keuper, occurred with some degree 
of thickness variation in different European basins but 
are of different age, since the main rift systems pro
pagating from the E and NE took several millions of 
years, promoting diachronous facies changes. 

4.2. Late Pennian climate in the Iberian Plate 

The Permian represents a period of global palaeo
climate changes, with a continental glaciation, that 
probably ceased before middle Permian (Iones and 
Fielding, 2004) and the beginning ofthe megamonsoon 
climate type (parrish, 1992, 1995; Kutzbach and Galli
more, 1989). Climate on a particular continent is con
trolled by the latitudinal position, size and topography 
of the continent, yet global climate patterns themselves 
may also be influenced by the relative distribution of 
continents, oceans and mOWltain ranges (Ruddiman 
and Kutzbach, 1991). Thus, the global climate for 
any interval must be considered in a general palaeogeo
graphic context. 

Estimations of palaeoclimates for the Late Pennian 
have mainly been based on simulations involving 
highly idealized continental geometries (Hay et aI., 
1990), atmospheric genernl circulation and oceanic 
circulation models (Kutzbach et aI., 1990), energy 
balance climate models (Crow1ey et aI., 1989), models 
based on analogies with the present-day (parrish, 1982) 
or general circulation simulations. Among other vari
ables, these models include patterns of surface tem
perature, precipitation and evaporation balance and 
sea-level pressure parameters and have provided data 
on the role of continental configumtion as a climate
forcing factor (Barron and Facett, 1995). The different 
palaeoclimate approaches make a comprehensive ana
lysis ofthe general Permian model climate difficult, yet 
severnl clear and common Late Pennian-Early Triassic 
palaeoclimate characteristics have emerged for Pangea, 
including marked seasonal temperatures and intense 
monsoon circulation. 

A simple view of the latitudinal location and the 
topography of the Iberian Plate shown in the different 



global palaeogeographical maps for the Late Per
mian-PTB times (see for example Ziegler, 1988; 
Ziegler and Stampfli, 2001; Stampfli and Bore!, 
2002) clearly allows us to infer a few basic palaeocli
matie characteristics for this western Tethysian area. 
The Iberian Plate was part of the Central Pangean 
Mountain Range, made up of the Appalachian-Maur
etanide-Variscan orogenic belts that fonned as a 
result of the diachronous collision between Laurasia 
and Gondwana (Scotese and Lanford, 1995). This 
mountain belt, extending across the southeastern sea
board of North America and into western Africa 
(Mauritania) and northermnost South America, was 
highest during the Early Permian and had already 
begun to collapse during the Late Permian. During 
the Late Pennian-Eady Triassic, the eastern border of 
the Iberian Plate was located 400--800 km from the 
westermnost part of the Tethys (Fig. 5). Heights for 
the southern Europe Variscan range are estimated at 
2000 to 3000 m (Fluteau et aI., 2003). High moun
tains along the coast would have captored almost all 
the moisture, and during summer, coastal regions 
would have been wet (parrish, 1995). Since the iber
ian Plate was located between the equator and the 
tropic of Cancer in the Late Permian (Ziegler and 
Stampfli, 2001 ), its surface could have been affected 
by wind currents transporting moisture captured by 
the mOWltams. These currents were related to west
ward flow at the equator and later spread in eastward 
flows along the northern and southern margins of the 
Tethys at higher latitudes (Kutzbach et aI. , 1990). 
Using surface pressure plots of Pangea, Barron and 
Facett (1995) described how low pressures could 
frequently reach this area of the megacontinent in 
both Late Permian winter and summer. 

Thus, high precipitation is inferred for this wes
temmost margin of the Tethys ocean dominated by 
monsoon and seasonal regimes. However, since the 
Variscan mOWltain ranges substantially declined at 
the end of Palaeozoic, and the Iberian Plate was 
some hundred kilometers west of the Tethys coast, 
it is possible that some inland areas of aridity arose 
on the plate at the end of the Late Permian time, 
especially in exposed areas at the top of flanks of the 
rifling areas (Fig. 5). This seasonal regime with 
semiarid areas and major rainfall events in flood
plains decreasing in intensity in the Triassic is sup
ported by the sedimentary characteristics previously 

described that show the clasts of the upper part of the 
La Hoz del Gallo Formation in the Iberian Ranges as 
well as the detailed study on Late Permian and Early 
Triassic ca1cretes in the Balearic Islands and Iberian 
Ranges (G6mez-Gras and Alonso-Zarza, 2003 and 
AlonsO-Zarza et aI., 1999, respectively) as well as 
by a study on the evolution of fluvial styles in the 
Iberian Ranges (Ramos et al ., 1986; Arche and 
L6pez-G6mez, 1999). According to WaIter's (1984) 
classification and the possible topographical elevation 
considered above for the Late Permian, Fluteau et al. 
(2003) inferred a generally warm temperate, humid 
climate, with dry summers and local subtropical arid
ity for the Iberian Plate. 

5. Conclusions 

The lack of sediments and palaeontological data is 
the main hurdle impeding better knowledge of the 
Permian-Triassic transition in continental environ
ments. However, continental zones during that tmnsi
tion coincide with vast palaeogeographical expanses 
of the Pangea interior during this period and recent 
sedimentary studies have shed new light on this enig
matic geological period based on isotopes, vertebrate 
extinctions or the detection of fungi among others 
observations. Despite these new data, correlations 
between separate continental basins are very difficult 
to make and it is almost impossible to compare the 
better-established marine information for this time 
interval with data derived from sediments of a con
tinental origin. This report reviews information 
related to the Permian-Triassic continental transition 
for several basins of Spain including the present-day 
Balearic Islands and completes our present knowl
edge of this interval for the Western Europe. Its 
main contributions are: 

1. Present-day sediments of the Iberian Ranges, Cen
tral Iberia, show the most complete successions of 
the Permian-Triassic transition in the Iberian 
Plate. This area can be correlated with outcrops 
of the eastern Catalonian Ranges and Balearic 
Islands. The formations of the Permian-Triassic 
transition analysed so far have been dated by 
means of palynological associations and are repre
sented by alluvial sediments, mainly those arising 



from fluvial braided system deposits of different 
style and evolution. 

2. Being aware of the implications and limitations of 
the data obtained from the sedimentary record and 
palynological associations and based on new sedi
mentological characteristics we consider that the 
PTB in the Iberian Ranges could be located in the 
interval from the contact between the lower and 
upper conglomerates of the La Hoz del Gallo For
mation, tentatively proposed by (Ramos, 1979), to 
the lowennost part of the Caiiizar Formation and in 
the time-equivalent Wlits in the Catalonian Ranges, 
Balearic Islands and Pyrenees. 

3. The most representative section of the Iberian Plate 
is compared to units and ages for Western and 
Central Europe and the southern Urals, as well as 
to information of absolute ages from the ruGS and 
Pennian Subcommission. 

4. The Iberian Plate occupied a subtropical position 
in the northern hemisphere, fonning part of the 
southeast border of the Central Pangean Moun
tain Range, 400-800 km from the westenunost 
Tethys margin. These palaeogeographical charac
teristics place the Iberian Plate Wlder a monsoon 
and seasonal climate regime with some arid 
inland areas. 
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