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The sedimentary record of the Late Permian and Early Triassic of the eastern Iberian Ranges shows four major, sudden, 

or very rapid, vertical changes in fluvial style. The Late Permian sedimentary cycle starts with the Boniches Formation, of 

alluvial fan-braided fluvial origin, which grades vertically over within a few metres into the A1cotas Fonnation, deposited by 

low to high sinuosity, avulsion-prone rivers with extensive floodplains. The A1cotas Fonnation contains ca1cimorphic soils, 

plant remains and pollen and spore assemblages. However, the upper third of the unit is devoid of all organic remains and 

soils and is characterized by a dominant red colour, the sandstone levels were deposited by high-sinuosity, meandering rivers. 

This major change took place during the Late Permian and is probably coeval with the emplacement of the Emeishan basaltic 

Large Igneous Province (LIP) in SE China. Rocks of the Boniches and A1cotas Formations are separated by an angular 

unconformity from the overlying strata, which consist of the Late Permian conglomeratic Hoz del Gallo Formation, of 

alluvial fan-gravel braided fluvial origin and the sandy Cafiizar Formation, of low-sinuosity sandy river origin. The Pennian

Triassic boundary lies, probably between the upper part of the Hoz del Gallo Formation and the first metres of the Cafiizar 

Formation. Late Pennian pollen and spore assemblages have been found in the Hoz del Gallo Fonnation but the Cafiizar 

Formation is barren, with the exception of an Anisian (Middle Triassic) assemblage at the top. Tectonic extensional pulses in 

the Iberian Basin caused the changes observed between the lower and upper parts of the Boniches Formation, at the base of 

the Hoz del Gallo Fonnation and between the lower and upper part of this Fonnation. The changes observed in the 

uppermost part of the A1cotas Formation are not easily explained by tectonic causes, nor those in the passage from the Hoz 

del Gallo Formation to the Cafiizar Formation. Similar sedimentary characteristics of the sandy Cafiizar Formation such as 

amalgamated sandstone bodies, erosion and reactivation surfaces, dominant trough cross-stratification, tabular geometry, 

absence of plant remains and pollen and spores, and absence of silts and clays to those of coeval formations in places as far 

away as Australia, South AfTica and Brazil suggest a global rather than local cause for these abrupt changes in fluvial style. 

This global cause was probably die-off of plant cover over extensive areas of the catchment, related to the end of the 
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Pennian mass extinction and possibly related to the emplacement of the West Siberian basaltic Large Igneous Province (LIP), 

responsible for drastic atmospheric and marine changes. 
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1. Introduction 

The Iberian Ranges, a linear alpine compressive 

structure in central and eastern Spain (Figs. lA and 2), 

was formed during Late Cenozoic times along the 

northeastern edge of the Iberian microplate (Virgili 

et aI., 1983; Sopefia et aI., 1988; L6pez-G6mez and 

Arche, 1993; Arche and L6pez-G6mez, 1996). Its 

Permian and Triassic sediments were deposited in a 

rift basin, the Iberian Basin, which broadly occupied 

the same geographical location and was related to 

other contemporaneous basins such as the Ebro, Pyr

enean, Catalan and Cuenca-Valencia Basins (Fig. 

lB). In the Iberian Ranges, the Permian-Triassic tran

sition occurs in non-marine strata of alluvial origin. 

On a global scale, a mass extinction at the end of 

Permian is considered as the most consequential of the 

five major Phanaerozoic mass extinctions (Erwin, 

1994). Detailed palaeontological stodies on marine 

sediments point to a sudden rather than protracted 

event (Jin et aI., 2000). However, far less information 

has been obtained from continental sediments, in which 

the Permian-Triassic boundary is still difficult to pin

point precisely, mainly because of incomplete or absent 

chronostratigraphical data. Abrupt changes have, 

nevertheless, been observed in the characteristics of 

continental sediments across the end of the Permian 

related to the Permian-Triassic bOWldary, such as those 

indicated by facies and stratigraphic markers (Ward 

et aI., 2000), chemostratigraphic markers (Morante, 

1996; Kroll and Retallack, 2000) or non-marine verte

brate faunas (Smith and Ward, 2001). Well-described 

examples of changes in sediment characteristics for this 

particular period of time have been attributed to 

changes in fluvial style (Smith, 1995; Fielding and 

Alexander, 2001 ;  Retallack et aI., 2003; Miall and 

Jones, 2003). Ward et al. (2000) relate rapid and exten

sive major die-off of rooted plant life to altered river 

morphology across the Permian-Triassic bOWldary in 

the Karoo Basin, South Africa. Another, less known 

mass extinction took place at the end of the Middle 

Permian (Guadalupian) (Wignall, 2001 ;  Zhou et aI., 

2002; Courtillot and Renne, 2003) related to the empla

cement of the Emeishan basaltic Large Igneous Pro

vince (LIP) in SE China; this event could be the main 

cause of sudden fluvial changes in the Upper Permian 

sedimentary record of the Iberian Ranges. The aim of 

the present study is to contribute to the analysis of 

possible causes explaining sudden fluvial style changes 

across the end-Permian and Permian- Triassic bOWld

ary through the detailed study of the well-developed 

continental sections of eastern Iberian Ranges. 

2. Geological setting 

The Permian-Triassic sedimentary basins were 

formed under an extensional tectonic regime with 

severnl synrift-postrift phases occurring from the 

Early Permian (AutuniaIl, approx. 290 Ma.) to the 

Late Triassic-Early Jurassic (about 205 Ma.) and 

beyond (Arche and L6pez-G6mez, 1996). 

The Iberian Basin developed on a hercynian base

ment of Ordovician-Silurian slates and quartzites 

deformed in kilometre-size structures trending NW

SE, with a general eastwards vergence (Capote and 

Gonzalez-Lodeiro, 1983) and very low-grade meta

morphism ( chlorite-pyrophyllite zone) along the 

suture line of the Iberian and Ebro microplates. 

The extensional basin bOWldary faults were, in part, 

reactivated hercynian or older alignments trending 

NW-SE and N-S. The long and complex evolution 

of this basin has been investigated by Salas and Casas 

(1993), Doblas et al. (1993), Arche and L6pez-G6mez 

(1996) and Van Wees et al. (1998), among others. 

The rock record for the Permian-Triassic time 

interval in the Iberian Basin includes volcanic and 

sedimentary rocks; its division into formations being 

well established, as is the presence of three regional 

angular Wlconformities and/or hiatuses in the record. 

Continental deposits are found from the Early Per

mian to the Middle Triassic (Anisian) and several 
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transgressive pulses deposited shallow marine carbo

nates and evaporites in the eastern part of the basin, 

usually passing laterally into coastal and continental 

siliciclastics along the axis of the basin. These depos

its have been extensively described in the literature 

and are reviewed in Sopena et al. (1983, 1988) and 

L6pez-G6mez et al. (1998, 2002). 

During the Pennian and Early Triassic, a narrow 

longitudinal Palaeozoic high, the Ateca-Montalban 

High (Fig. lB), separated the Iberian from the Ebro 

Basin. To the SW, another ill-defined palaeozoic high, 

the Serrania de Cuenca High, separated the Iberian 

Basin from the Cuenca-Valencia Basin (Fig. lB). The 

structural framework of the Iberian Basin also 

included a transverse palaeozoic high, the Orea

Cueva de Hierro High, trending NE-SW. The pre

sent-day configuration of the Iberian Ranges can be 

described as two Palaeozoic-Mesozoic chains sepa

rated by a Cenozoic basin, the Aragonese and Casti

lian Branches that roughly mimic the Pennian

Triassic Basin and its bounding palaeozoic highs 

(Fig. 2). 



The structural origins and evolution of the Iberian 

Basin along with subsidence changes and its quanti

tative study during the Pennian-Triassic synrift-post

rift stages have been reviewed by Alvaro (1987), 

Sanchez-Moya et al. (1992), Salas and Casas 

(1993), Roca et al. (1994), Arche and L6pez-G6mez 

(1996) and Van Wees et al. (1998). 

3. The Permian and Triassic sedimentary record 

The Pennian-Triassic rock record of the Iberian 

Basin has been divided into seven major sedimen

tary successions, including one or more fonnations, 

each bounded by unconfonnities and/or hiatuses 

(Perez-Arlucea and Sopefia, 1985; L6pez-G6mez 

and Arche, 1992; Arche et aI., 2004). Of these 

succeSSlOns, only the three lowennost (Fig. 3 and 

Plate I) are relevant to the questions addressed in 

this paper. 

3.1. First sedimentary succession 

The oldest sediments and associated volcanic 

rocks of Early Pennian (Autunian) age were deposi

ted in a series of isolated half-graben basins of kilo

metric size, from Noviales in the NW to Ch6var in 

the SE (Fig. 2) (Hemando, 1977; Sopefia, 1979; 

Ramos, 1979; Perez-Arlucea and Sopefia, 1985; 

L6pez-G6mez and Arche, 1994). These sediments 

are represented by the Ennita and Tabarrefia Fonna

tions (Fig. 3). 

The lower part of the succession contains lava 

flows and pyroclastics of andesitic to basaltic compo

sition, dated as 282 ± 1.2 Ma. (Hemando, 1977) or 

283 ± 2.5 Ma. (Lago et aI., 2002), which are overlain 

by variegated siltstones, dolomites and red breccias. 

Coal measures are found in the Henarejos outcrop 

(Fig. 2). 

3.2. Second sedimentary succession 

Bounded by two angular unconfonnities, this suc

cession was deposited in a single, symmetric grab en 

basin of complex geometry (Arche and L6pez

G6mez, 1996). It consists of quartzite conglomerates 

(Boniches Fonnation) of limited lateral extension and 

red siltstones, sandstones and conglomerates (Alcotas 
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Fig. 3. Scheme of the Pennian and Triassic sedimentary successions 

in the Iberian Ranges and associated unconfonnities and hiatuses. 

Fonnation and its time-equivalent Montesoro and 

Tonn6n Fonnations). 

According to pollen and spore assemblages found 

in many areas across the basin (Doubinger et aI., 

1990; Sopefia et aI., 1995), succession two is Upper 

Pennian (Thuringian, sensu Visscher, 1971). The 

biostratigraphic data that justify the attribution of 

ages to the four fonnations considered in this paper 

will be discussed in Section 4. 

3.3. Third sedimentary succession 

Found all along the basin and also deposited as a 

single, symmetric complex graben, this cycle consists 

of quartzite conglomerates (Hoz del Gallo Fonnation) 



Plate I. Field aspect of the Sedimentary Fonnations studied in this paper. 

(A) Lower and middle part of the Boniches Fonnation in Boniches area. 

(B) Lower part of the Alcotas Fonnation in Cafiete area showing intercalated conglomeratic channel bodies and flood-plain red mudstones. 

(C) Upper member of the Hoz del Gallo Fonnation in Cafiete area lying lUlconfonnably on the Alcotas Fonnation. 

(D) Lower part of the Cafiizar Fonnation in the Cafiete area with complex multilateral multi-storey units. 

The bar scale in photographs: A and B=5 m; D=3 m. Panel C: man standing at the base of the outcrop is 1.70 m high. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web version of this article.) 

of limited lateral extension overlain by pink to red 

sandstones (Cafiizar Formation and its time-equivalent 

Rillo de Gallo Formation) (Fig. 3). 

The succession age ranges from Late Permian 

(Thuringian) at the base (Ramos, 1979; Ramos and 

Doubinger, 1979) to Middle Triassic (Anisian) at 

the top (Doubinger et aI., 1990), according to paly

nomorph floras in both formations. The Permian

Triassic bOWldary lies within this succession. 

The conglomerate units of the upper cycle are of 

limited lateral extension, but the others (A1cotas and 

Caiiizar Formations) appear all along the Iberian 

Basin. For a recent analysis of possible lateral cor

relations between these and other formations and 

Wlconformities and hiatuses along the Iberian 

Basin and the conterminous Ebro and Catalan 

Basins, as well as a revision of the stratigraphic 

nomenclature of the deposits of the Pennian-Triassic 



Table 1 

Facies codes and sedimentary environment interpretation 

Facies code Facies Sedimentary structures Interpretation 

Grading Debris flow deposits Gm, 
Gm 
Gt 

Gp 

Massive, matrix supported gravel 

Massive or crudely bedded gravel 

Gravel, stratified 

Horizontal bedding, imbrication 

Trough cross-bedding 

Longitudinal bars, lag and sieve deposits 

Minor channel fills 

Gravel, stratified Planar cross-bedding Longitudinal bars, deltaic grov.rths from 

older bar renmants 

St Sand, medimn to very coarse, 

may be pebbly 

Solitary or grouped trough cross beds Dunes (lower flow regime) 

Sp Sand, medimn to very coarse, 

may be pebbly 

Solitary or grouped planar cross beds Linguoid, transverse bars, sand waves 

(lower flow regime) 

S, 

Sh 

Sand, very fme to coarse 

Sand, very fme to very coarse, 

may be pebbly 

Ripple cross-lamination 

Horizontal lamination parting or 

streaming lineation 

Ripples (lower flow regime) 

Planar bed flow (upper flow regime) 

SI Sand, very fme to very coarse, 

may be pebbly 

Low angle « 10%) cross beds Scour fills, washed-out dlUles, antidlUles 

Sand, silt, mud deposits 

Silt, mud 

Fine lamination, very small ripples 

Laminated to massive 

Overbank or waning flood 

Backswamp deposit 

Overbank or drape deposits Mud, silt Massive, desiccation cracks 

Modified after Miall (1978, 1992). 

interval, see L6pez-G6mez et al. (2002) and Arche 

et al. (2004). 

The Cafiizar Formation is conformably overlain by 

the fourth succession, the continental Eslida Forma

tion to the SE of the Iberian Basin or by the fifth 

succession via a hiatus. It consists of the lower 

Muschelkalk facies of late Anisian age (LOpez

G6mez et aI., 1998). 

In this paper, we use the nomenclature of 

Miall (1978, 1992) to describe the sedimentary facies 

(Table I ). 

4. Sedimentary evolution of the alluvial deposits 

4.1. Late Pennian succession 

4.1.1. Boniches Conglomerate Formation 

This unit (Fig. 4 and Plate lA) lies on an angular 

Wlconfonnity on the lower Palaeozoic basement or, 

locally, on the Early Permian Tabarrefia Brecda For

mation or on the uppermost Carboniferous (Stepha

nian C)-Lower Permian (Autunian) (?) Minas de 

Henarejos coal measures, and represents the sedi

ments of the second major sedimentary succession 

in the eastern Iberian Ranges. According to pollen 

and spores assemblages found near the top of the 

unit in Talayuelas (Fig. 2), its age is Late Permian 

(early Thuringian, possibly zone 30 of Gorsky et aI., 

2003). 

Sedimentation of the Boniches Formation was con

trolled by the activity of the basin boundary fault 

system to the SW, the Serrania de Cuenca Fault 

(LOpez-G6mez and Arche, 1997) (Fig. lB), which 

created steep relief in the footwall block and short, 

steep transverse drainage networks. Lateral thickness 

markedly changes from 130 m in the central part of 

the basin (Henarejos) to less than 30 m in the NW and 

SE (Valdemeca and Chelva). 

The lowermost member (Lower Conglomerates) 

evolves vertically from massive deposits into fining

upwards sequences of the Gms-Gm-Sh type to fin

ing- or coarsening-fining upwards Gp-Gt-St-Sh type 

sequences. These are interpreted as proximal alluvial 

fan fades with palaeocurrents transverse to the basin 

axis (Fig. 4). They evolved from longitudinal bars 

formed by diffuse gravel sheets migrating over the 

bar core to bar-and-charmel complexes with super

imposed bigh- and low-stage deposits (Ashmore, 

1991 ;  Crow1ey, 1983; Miall, 1981 ; L6pez-G6mez 

and Arche, 1997). 

The two intermediate members (Upper Conglo

merates 1 and 2, UC-l and UC-2, respectively, in 

Fig. 4) are similar to the upper part of the Lower 

Conglomerates (L.C.), dominated by fming-upwards 

sequences of type Gp-Gt-St-Sp-Sh, sometimes trun-
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erates 1; UC-2: Upper Conglomerates 2; S.c.: Sandy Conglomer

ates; MBS: Main Boundary Surface. 

cated and vertically repeated. They are interpreted as 

transverse and composite mid-channel bars and asso

ciated low-stage sand bars in medial and distal alluvial 

fan environments related to braided fluvial systems. 

The uppermost member (Sandy Conglomerates, 

S.c., in Fig. 4) consists of thin, fining-upwards se

quences of the type Gp-St-Sp, and show a sudden 

increase in sand content (up to 50%). It is interpreted 

as deposits in medium to distal reaches of braided, bed 

load river systems (L6pez-G6mez and Arche, 1997). 

It represents a sudden change in fluvial style marked 

by petrographic and internal structures variation 

(Fig. 4). 

Palaeocurrents point NE in the lower two mem

bers and most of the third one with a mean dispersal 

of approximately 40°-50°, drawing a transverse 

drainage pattern. At the top of the Upper Conglom

erates 2, they switch to the SE all along the basin, 

passing into an axial drainage system. The change is 

sudden, indicating considerable palaeogeographical 

change. 

4.1.2. Alcotas Siltstone and Sandstone Formation 
The Alcotas Formation, lying conformably on the 

Boniches Formation or unconformably on the hercy

nian basement, is unconformably overlain by the Hoz 

del Gallo or Caiiizar Formations (L6pez-G6mez, 

1985; L6pez-G6mez and Arche, 1992). It consists of 

red siltstones and sandstones with minor presence of 

conglomerate lenses (Fig. 5 and Plate IB). 

Thicknesses vary from 82 m in Valdemeca to 168 

m in Chelva. The formation crops out along the entire 

Iberian Ranges except for the Cueva de Hierro-Orea 

Palaeozoic high. 

Red siltstones are the dominant lithology (about 

70%), comprised of quartz, illite and kaolinite 

(Alonso-Azcarate et a!., 1997) and minor amounts 

of feldspars and hematite. The illitelkaolinite ratio 

increases in the SE. Red to pink sandstones (about 

27%) consist of subrounded quartz and feldspar grains 

and mica flakes with clay matrix and quartz cements. 

Bulk lithology changes from dominant protoquart

zites-greywackes in the Boniches area to arkoses in 

Landete, and again to protoquartzites in Chelva 

(L6pez-G6mez, 1985). 

The age of the Alcotas Formation is well con

strained through several upper Permian (Thuringian) 

pollen and spore assemblages found in the Central and 
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SE Iberian Ranges (Ramos and Doubinger, 1979; 

Doubinger et aI., 1990; Boulouard and Viallard, 

1971; Sopefia et aI., 1995). 

The formation can be divided into three fining

upwards units (Fig. 5, Units A, B and C) using 

sharp surfaces that can be traced over most of the 

Iberian Ranges. The lower unit (Fig. 5, Unit A) is 

20-40 m thick and consists of lensoidal conglomerate 

bodies, usually isolated, 95-120 m wide and 4-6 m 

thick with an erosional base and flat top embedded in 

red siltstones. The dominant vertical sequence is of 

the Gt-Gp-Sh-Sr type, and has lateral accretion and 

reactivation surfaces that do not always reach the base 

of the body. Amalgamated bodies with Sp-Sh and Gt

Sp-St elementary sequences also appear. 

Siltstone facies are usually massive (Fm facies) or 

laminated with rippled intervals (Fl and Fsc facies). 

They represent about 70% of the interval. The unit has 

calcic palaeosols containing nodular and laminar 

structures up to 20 cm thick. Most of the pollen and 

spores assemblages of Thuringian age found in the 

Iberian Ranges occur in this interval (Doubinger et aI., 

1990). 

Unit A is interpreted as gravely braided river 

deposits with high avulsion rate embedded in a wide 

fine-grained floodplain, with semipermanent shallow 

lakes and extensive areas of subaerial exposure where 

calcimorphic soils developed. Vegetation was abun

dant in Unit B, near fluvial channels where most of 

the plant remains are found. 

The channelised conglomerate bodies are isolated 

forms with simple, single-storied fill and limited la

teral accretion, similar to Type A bodies of Mohrig 

et al. (2000); only a few examples of multi-storey, 

amalgamated bodies have been found. 

These channelised bodies indicate instability of 

the active channels and high avulsion rate (Kraus 

and Gwinn (1997). As the separation between chan

nel bodies in a vertical section is related to the 

aggradation rate in the basin and the specific avul

sion rate of the fluvial system, and in the lower two 

units of the Alcotas Formation this separation is 3 to 

10 times the thickness of the channel bodies, the 

channels only returned to the same position after an 

avulsion when substantial aggradation took place in 

the floodplain. 

The absence of clay plugs in the channel bodies 

point out to slow, not sudden abandonment or avul

sion (Bridge, 1984, 1985), where the active channels 

continued for a while to transport sediments during 

the abandonment phase. 



It is interesting to speculate if the avulsion event 

was caused by crevasse splay leading to a charmel 

switch or by headcut erosion and capture by a sub

parallel charmel (Richards et aI., 1993). As very few 

true crevasse splay sequences with sharp bases and 

fining-upwards organisation have been fOWld, prob

ably the second mechanism was dominant, as is the 

case in he present-day indogangetic plain (Mohindra 

et aI., 1992; Singh et aI., 1990) or in the Riverine 

Country in Central Australia (Rust, 1981). 

The instability of the active charmels can be inter

preted as a response to active tectonics (Smith, 1970; 

Miall, 1981) leading to constant changes in local 

slope. Most of the time, the sediment supply was 

high enough to keep pace with subsidence (Alexander 

and Leeder, 1987). Palaeocurrents point SE and show 

a dispersal range of 60". 

The middle unit (Fig. 5, Unit B) marks a sudden 

change in lithofucies and fluvial style: in this unit, 

sandy facies rapidly increase in abundance (by about 

70%) with a paucity of conglomerates; silicified and 

coalified macroflora remains also occur, and sand

stone bodies show tabular geometries. Its thickness 

ranges from 40 to 65 m. 

The single-storey sandstone bodies show tabular 

geometries, sometimes with epsilon cross-stratifica

tion (lateral accretion) and elementary fining-upwards 

St-Sh-Sr-Fm type or amalgamated, incomplete St-Sr 

type sequences eroded at the top. 

Epsilon cross-stratification (lateral accretion) sur

faces are littered by comminuted plant remains, 

sometimes well preserved (LOpez-G6mez and 

Arche, 1994). Large (up to 6 m long) silicified 

trunks and wood fragments also appear at the 

base of some sandstone bodies. The fine-grained 

intervals are usually massive red siltstones; rippled 

intervals are rare (Fm and Fsr facies). Palaeosols are 

also rare. 

Unit B can be interpreted as a transition from distal 

sandy braided rivers to high sinuosity meandering 

rivers occurring gradually yet rapidly; charmel sand

stone bodies show lateral accretion smfaces and reac

tivation surfaces that point to a marked seasonality in 

flow (puigdefabregas, 1973; Bridge, 1984; L6pez

G6mez, 1985; Ashmore, 1991). The banks were prob

ably vegetated by tree-like plants, sometimes uprooted 

and transported downwater. The fmes are interpreted 

as floodplain deposits. 

The upper unit (Fig. 5, Unit C) in sharp but con

formable contact, consists of red siltstones (about 

85%) containing lenticular sandstone bodies up to 

25 m wide and 1 .5 m thick, and where no palaeosols 

nor macro- or microflora have been fOWld. 

The sandstone bodies have a concave erosive base, 

and fming-upwards sequences of the St-Sp-Sh-Sr 

type with many internal reactivation surfaces. Red 

siltstones are generally massive (Fm facies). 

The Wlit is interpreted as a distal, very low

energy sandy braided river system with a high avul

sion rate and marked seasonality, similar to exam

ples described by Collinson (1970), Cant and 

Walker (1978) and Walker and Cant (1979) flowing 

in an extensive floodplain fed by abWldant crevas

sing and flooding as described by O'Brien and 

Wells (1986). 

4.2. Late Pennian-Early Triassic succession 

4.2.1. Hoz del Galla Conglomerate Formation 

This formation (Rarnos, 1979; Ramos and Sopeii.a, 

1983) (Fig. 6 and Plate lC) represents the oldest 

sedimentary deposits of the third main sedimentary 

cycle or BWltsandstein facies sensu stricto. It lies 

Wlconformably on the Variscan basement or on the 

A1cotas Formation. Its age is Late Permian (Thurin

gian), well constrained by several pollen and spores 

assemblages found in its lower part (Rarnas, 1979; 

Rarnos and Daubinger, 1979; Perez-Arlucea, 1985; 

Rarnos et aI., 1986). 

Thickness can change from 150 m in Molina de 

Arag6n to only 10  m in Orea and 60-80 m in the 

Albarracfn area, pinching out to the SE in the Canete 

area in about 35 km. 

A major bounding surface (Fig. 6) divides the 

formation into two sequences. Only the upper 

sequence is fOWld in the Orea area. Both sequences 

can be subdivided into elementary fming-upwards 

cycles 3 to 12  m thick (Ramos and Sopefia, 1983; 

Rarnos et aI., 1986). 

The lower sequence is dominated by Gt-Gp and 

Sh-Sr truncated sequences with concave erosive 

bases and some large internal scoured surfaces. Gm 

bodies appear at the base of the conglomerate bodies. 

Overbank deposits are seldom preserved, but these 

contain the pollen and spore associations fOWld in the 

formation. 
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Fig. 6. Type section of the Hoz del Gallo Conglomerate Formation 

(modified from Ramos, 1979) near Molina de Arag6n. (*) Position 

of the third and fourth sudden cbanges in fluvial style. L.e.: Lower 

Conglomerates; U.C.: Upper Conglomerates; MBS: Main Boundary 

Surface. 

This sequence is interpreted as bar and channel 

associations in a proximal to distal alluvial fan 

system, with abundant lateral active channels 

switches. Palaeocurrents point NE with a 40° -60° 

dispersion to form a major coalescent, transversal 

alluvial fan system with its main lobes in the 

Molina de Arag6n and Albarracin areas. Elementary 

cycles can correspond to the migration of active 

channels and/or switching of active and passive 

zones of the fans. 

The upper sequence (U.e., Fig. 6) is dominated by 

tabular sets of the Gm-Gt type, with minor amounts 

of St-Sr lenses at the top. The principal inclined 

surfaces within the bodies indicate limited lateral 

growth of the bars. The sets are bounded by extensive 

planar erosive surfaces. The preservation of bedforms 

in their integrity indicate an accumulation rate in pace 

with subsidence. This sudden change in fluvial style is 

associated to the presence of white vein quartz peb

bles, ventifacts (=dreikanters) (M. Durand, personal 

communication) and a switch of palaeocurrents to the 

SE (Ramos and Sopefia, 1983; Ramos et ai., 1986) 

and internal structures with clear lateral aggradation, 

deeper channels and more distal source areas with 

igneous and/or metamorphic rocks, in contrast with 

the local source area of the lower part. 

The upper sequence is interpreted as a more stable 

coarse-grained braided alluvial plain with a more dis

tal source area, contrasting sharply with the locally

fed alluvial fans of the lower sequence. 

4.2.2. Canizar Sandstone Formation 
The Cafiizar Sandstone Formation (L6pez-G6mez, 

1985; L6pez-G6mez and Arche, 1993) lies in sharp, 

conformable contact on the Hoz del Gallo Formation 

or unconformably on the Alcotas Formation (Fig. 7 

and Plate ID). 

Its age has not been determined at the base, but 

since the lower part of the Hoz del Gallo Formation 

is Late Permian (Thuringian), its lower part could 

also likely to be of this age or basal Triassic (Arche 

et al., 2004). The top is early Middle Triassic (early 

Anisian), as determined by pollen and spore assem

blages (Doubinger et ai., 1990). According to these 

data, the Permian-Triassic boundary in the Iberian 

Ranges is thought to lie inside this formation, prob

ably close to its base or at the top of the Hoz del 

Gallo Formation. 

The Cafiizar Formation is 80 to 170 m thick and its 

petrological composition changes from one dominated 

by arkoses in the NW to a proto-, ortoquartzite com

position towards the SE. The change occurs in the 
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Canete-Landete area, probably by abrasion during 

feldspar transport (L6pez-G6mez and Arche, 1994). 

Palaeocurrents, always unidirectional, point S and 

SE (Fig. 7) with dispersions that rarely exceed 60°; 

drainage during deposition was parallel to the basin 

axis and there is no evidence of even minor transverse 

streams feeding into the main fluvial system, that is, 

the source area was far away to the NW and the 

alluvial basin was restricted by the basin boundary 

faults, the Serrania de Cuenca Fault to the SW and the 

Ateca Fault to the NE (Fig. lB). 
Within these sandy braided river deposits, almost 

devoid of fines, seven bounding surfaces or erosive 

surfaces of regional extension (Fig. 7) have been 

identified in the Central and SE Iberian Ranges 

(L6pez-G6mez and Arche, 1993), dividing the forma

tion into six multi-storey sandstone sheets. These 

surfaces probably developed as a result of the reorga

nization of fluvial depositional systems after minor 

pulses of activity at the basin boundary fault that 

altered the regional slope in this synrift period. 

The lower unit (Fig. 7, Unit A) consists of 

sequences of the Sp-Sh-Sr type and rarely of the 

St-Sr type up to 1.5 m thick with scoured, irregular 

bases and flat tops and a general planar geometry. 

The second unit (Fig. 7, Unit B) is almost exclu

sively made up of sequences of the St-Sp-Sl-Sr type 

with thin pebble lags at the scoured base. Sequences 

are up to 1 m thick and up to 35-40 m wide. 

These two units are interpreted as sandy braided 

river channel fill with a very high width/depth ratio 

(over 25), very difficult to see in outcrops. Channel 

aggradation is the result of megaripples migrating 

and growing vertically in the deepest parts of the 

channels. These associations compare well with the 

Platte River deposits (Miall, 1978; Crowley, 1983) or 

South Saskatchewan River deposits (Cant and 

Walker, 1978). 

The next three units (Fig. 7, Units C, D and E) 

mark a progressive change towards complex amalga

mated St-Sr-Sp-Sr type or St-Sr type sequences 

with rare, thin intervals of the Sr-Fl-Fm type in 

Unit E. Reactivation surfaces and downwards accre

tion structures showing overpassing are common and 

interpreted as the result of repeated high flow-wan

ing flow episodes. The forms observed are inter

preted as sand flats of composite bars infilling the 

main channels with moderate lateral pro gradation. 

Shallow concave-upwards bodies, interpreted as 

chute channels across the top of the sand bars, 

with Sp-Fl infilling are also abundant (Campbell, 

1976). 

The two uppermost units (Fig. 7, Units E and F) 

reflect a sudden energy increase in the sandy braided 

river system. Sequences of the type Cp-Sp-St-Sr or 

St-Sp-St-Sl-Fl are interpreted as extensive sand flats 



and composite bars infilling wide, shallow braided 

charmels with a width/depth ratio in excess of 150. 

DO\vnwards and lateral accretion were the main sedi

mentary processes interrupted by convex reactivation 

surfaces, pointing to repeated flood-dry period cycles 

with marked discharge fluctuations (Jones, 1977). The 

laterally equivalent, coeval Rillo de Gallo Sandstone 

Formation in the NW Iberian Ranges was interpreted 

broadly in the same terms by Ramos et al. (1986) and 

Perez·Arlucea and Sopefia (1985). The top of the 

Caiiizar Formation and for equivalents is marked in 

most of the NW and Central Iberian Ranges by a 

hiatus implying long subaerial exposure, or overlain 

conformably by the Eslida Formation in the SE Ibe

rian Ranges (Fig. 3). 

4.3. Biostratigraphic data 

The age of the sediments of the two sedimentary 

sequences in this paper can be constrained by means 

of pollen and spores fOWld in every formation and 

studied in detail by Doubinger et al. (1990) and 

Sopefia et al. (1995). The Boniches Formation Con

tains, among others: Luekisporites virkkiae, Nus

koisporites dulhunty, Klausipollenites schubergeri, 

Protohaploxipinus microcarpus, Vittatina costabilis 

and Potonieisporites sp. This association presents 

typical Late Pennian forms such as Lueckisporites 

virkkiae and Nuskoisporites dulhunti together with 

Early Permian forms such a Vitiatina costabilis and 

Potonieisporites sp. 

The overlying A1cotas Formation contains, among 

other forms, Lycospora sp., Vesicaspora ovata, Para

vesicaspora splendens, Lueckisporites virkkiae, Pro

tohaploxipinus sevardi, Nuskoisporites dulhuntyi, 

Klausipollenites schaubergeri, Platysaccus papillio

nae and branches of the conifer Ullmania. 

The Hoz de gallo Formation contains in its lower 

part, among other forms, Cordaitina sp., Luekisporites 

virkkiae, Paravesicaspora splendens, Protohaploxypi

nus microcorpus and Nuskoisporites dulhuntyi. 

Finally, the top of the Cafiizar Formation has 

yielded a microflora with Falcisporites cf. stabilis, 

Leiotriletes sp., and Lycospora sp. 

The association fOWld in the Alcotas and Hoz de 

Gallo Formations contain the typical elements of the 

Thuringian stage sensu Visscher (1971) (�Zechtein), 

like Lueckisporites virkkiae, Klausipollenites schau-

bergeri, Nuskoisporites dulhuntyi and Paravesicas

pora splendens that he correlates with the Tatarian 

stage of the Russian platform. This association is also 

comparable to the Zone 29 (Late Tatarian) of Gorsky 

et al. (2003) in the Russian platform, with common 

elements such as Lycospora sp., Platysaccus papilio

nis, Lueckisporites virkkiae, Paravesicaspora sp., and 

Protohaploxipinus sevardi. The age of the association 

can be considered with confidence as Late Thuringian 

(�Late Tatarian). 

More problematic is the age of the association 

fOWld in the Boniches Formation. The coexistence 

of typically Thuringian (Late Permian) forms like 

Luekisporites virkkiae and Nuskoisporites dulhuntyi 

and typically Autunian (Early Permian) forms like 

Vitiatina sp., and Potonieisporites sp., is fOWld in 

zones 30 and 31  of the Russian platform (Gorsky 

et aI., 2003); that is, from the Early Tatarian 

(Upper Permian) to the Upper Kazanian (Middle 

Permian). 

As this formation is only 80 to 100 m thick and 

present-day deposits of comparable environment and 

thickness can accumulate in about 30,000 years 

(Harvey, 1990) or in 10,000 to 170,000 years in 

well-calibrated ancient examples (Montserrat and 

Sant Llorenc de MWlt Fans, Eocene, CataIWlYa, 

Spain, LOpez-blanco et aI., 2000) and the sedimen

tary continuity between the top of the Boniches 

Formation and the base of the A1cotas Formation is 

evident in every field section, so there is no major 

break of sedimentation at this point, it is reasonable 

to assume that only a few thousands of years are 

recorded in these sediments, i.e., only the top of 

zone 30 of Gorsky et al. (2003). As the duration 

of the Tatarian is 16  Ma. (265 to 251 Ma.; Menning, 

1995, 2002) we can assume that we are still well into 

the Tatarian or in the Thuringian, its approximate 

equivalent in Western Europe. 

It is important to point out that, in several COWl

tries of Western Europe, there is a major hiatus 

between the Lower Permian (�Autunian) and the 

Upper Permian (�Thuringian) (Visscher, 1971 ; 

Uttig and Piasecki, 1995) that represents the Sakmar

ian, Artinskian, KWlgurian and most of the Kaza

man, in contrast with the more complete record of 

the Russian platform. According to the data pre

sented here, the Iberian Basin is part of the Western 

Europe domain. 



5. Possible causes of vertical changes in fluvial style 

5.1. Vertical changes 

The second and third major sedimentary sequences 

of the Permian and Triassic show a series of vertical 

changes in their palaeogeographical and fluvial styles 

that can be summarised as follows (Fig. 8) .  

5.1.1. The Boniches Formation 
This formation lies on an angular unconformity on 

the Permian deposits of the first sedimentary sequence 

or on the Lower Palaeozoic basement. Conglomerates 

evolve vertically from massive deposits of proximal 

alluvial fan environments with shallow channels and 

diffuse gravel bars into medial and distal fan environ

ments with deeper bar and channel complexes. The 

upper part of the formation shows a sudden increase 

in sand content (up to 50%), a sudden change in 

palaeocurrents towards the SE from a transverse to 

longitudinal drainage pattern, and thin, fining

upwards sequences of distal, low-energy braidplain 

facies. 

5.1.2. The Alcotas Formation 
Lying conformably on the Boniches Formation or 

unconformably on the Lower Palaeozoic basement, 

this formation evolves vertically from gravel braided 

river deposits with a high avulsion rate embedded in a 

wide, fine-grained floodplain in which calcimorphic 

BONICHES Fm. 

soils developed into high sinuosity sandy rivers. Sin

gle-storey sandstone bodies with lateral accretion sur

faces and red floodplain siltstones are not as abundant 

as before. Palaeosols are also scarce. The upper part of 

the formation, in sharp but conformable contact, is 

devoid of soil profiles, plant remains, pollen and 

spores. It only contains very thin lenticular sandstone 

bodies of distal, very low-energy sandy braided river 

systems, probably of a high avulsion rate, extensive 

floodplains and abundant crevassing and flooding. 

5.1.3. The Hoz del Gallo Formation 
This formation, lying unconformably on any older 

Permian formation or the Lower Palaeozoic basement, 

evolves from proximal to distal alluvial fan facies and 

then into a gravel braided river system with palaeo

currents switching from NE to SE. Alluvial fan facies 

are dominated by braided river systems with abundant 

lateral switches, conglomerate bodies of lenticular 

geometry and a fan-like palaeocurrent pattern. They 

are overlain by a more stable gravel braided river 

system showing lateral growth of bars and channels, 

a dominant tabular geometry, and well-preserved bed

forms and palaeocurrents pointing SE. 

5.1.4. The Caiiizar Formation 
This formation interfingers at the base with the top 

of the Hoz del Gallo Formation or unconformably on 

the Alcotas Formation. It represents a sandy braided 

river system, almost devoid of floodplain fines. A 

Fig. 8. Three-dimensional reconstruction of the Late Permian-Early Triassic alluvial sediments of the central Iberian Basin and main extensional 

synsedimentary fault systems. 



complex, amalgamated internal structure and tabular 

geometry of the sandstone bodies indicate rapid and 

abWldant lateral migration and avulsion processes of 

the active chrumels. AbWldant reactivation surfaces 

point to marked seasonality. It is overlain by a hiatus 

implying long subaerial exposure in the NW and 

Central Iberian Ranges or conformably by the Eslida 

Formation in the SE Ranges (Fig. 3). 

5.2. Possible causes 

The vertical changes in fluvial styles described 

within the Permian siliciclastics of the Iberian Ranges 

can be explained by a combination of autocyclic 

processes (local tectonic events), allocyclic processes 

(regional climatic changes), and global causes (global 

climatic changes, atmospheric compositional changes, 

and emplacement of a large igneous province (LIP) 

during this period). 

The sediments examined in this paper were depos

ited in interior basins or far away from the sea (Arche 

and LOpez-G6mez, 1999). Thus, the main controls of 

fluvial tridimensional architecture (sea-level changes 

and the response of the fluvial system to vertical base 

level variations) can be excluded as a cause of the 

changes observed, despite the Late Permian being a 

period of marked regression and the Triassic starting 

with a major transgression across the entire western 

margin of the Neotethys (Gianolla and Jacquin, 1998). 

5.3. Late Pennian succession 

The Boniches and A1cotas Formations succession 

is related to a rifling period that affected the whole of 

the Iberian Basin. This Late Permian rifting period 

was controlled by lystric normal faults, flattening out 

probably at 12-15 km, in sharp contrast to the deep 

seated strike-slip faults that controlled the deposition 

of the earlier Early Permian (Autunian) cycle, and cut 

down the whole lithosphere tapping the astenosphere, 

the source of volcanic rocks for this period (Lago 

et aI., 2002). 

5.3.1. Boniches Formation 

Normal faulting along the Serrania de Cuenca 

Fault System (Fig. l B) led to the creation of a series 

of small half-grabens infilled by alluvial fans situated 

at the far end of short, steep alluvial valleys, incised in 

the hinged margin of the footwall block. The pebbles 

in the conglomerates are of local origin and reflect the 

composition of the hercynian basement of the area. 

Limited backstepping in the basin boundary fault 

system caused the retreat of the apex of the fans and 

proximal-distal vertical stacking in the Boruches For

mation, as well as the abWldant avulsion of active 

charmels in the fans (Fig. 8). This may be seen in 

many present-day alluvial fan systems (Alexander and 

Leeder, 1 987; Richards et aI., 1 993). The first sudden 

change in fluvial style is recorded in the contact 

between the third and fourth units. 

5.3.2. Alcotas Formation 

Subsidence rates increased regularly during the 

upper part of this second sedimentary cycle (Arche 

and LOpez-G6mez, 1999) and led to a reorganization 

of basin geometry: NE extension propagated in the 

hanging block and the Ateca Fault system became 

active and the basin widened, developing a full-gra

ben geometry. The fluvial network ran parallel to the 

basin axis and had its source area far to the NW, 

preventing transverse transport to the basin (Arche 

and LOpez-G6mez, 1 999; L6pez-G6mez et aI., 

2002). It is probable, but not yet proven, that the 

Iberian Basin became longitudinally interconnected 

to other basins in the NW. 

The upper part of the second sedimentary 

sequence, the Alcotas Formation and its time-equiva

lent Torm6n and Montesoro Formations (L6pez

G6mez et aI., 2002) show a rapid transition in fluvial 

styles that can be explained, at the base, by regional 

tectonic control, since as in any mature graben, long

itudinal drainage dominates over earlier transverse 

drainage. However, although subsidence is doubt

lessly a major fuctor controlling fluvial style and its 

changes (Alien, 1 978; Bridge and Leeder, 1 979; 

Mackey and Bridge, 1995), avulsion and therefore 

sedimentation frequency can modify its influence 

(Bryant et aI., 1995; Heller and Paola, 1 996; Ash

worth et aI., 2004). Indeed, subsidence models should 

be applied with caution until we gain further insight 

into certain aspects of subsidence and avulsion rates 

(Schunnn et aI., 2000). 

A detailed examination of the lower part of the 

Alcotas Formation (Unit A) reveals a vertical decrease 

in channel bodies with time that can be interpreted in 

two ways: either the sedimentation rate increased, 



which is unlikely, or the feeding point at the NW 

corner of the basin receded simultaneously with the 

widening of the sedimentary basin. Palaeosols and 

plant remains are evenly distributed in this interval, 

precluding any dramatic climatic change, so the 

retreat of the feeding point should be considered the 

dominant control fuctor (Li and Finlayson, 1 993; 

Nelson, 1970). 

It should be noted that even in the presence of 

abWldant vegetation stabilising channel banks, the 

avulsion frequency can be high if the sedimentation 

rate is also high and superelevation of the active 

chaunels over the floodplain occurs (Mohindra et aI., 

1992; Sinha et aI., 1996; Jain and Sinha, 2003). 

In contrast with the lower part of the A1cotas 

Formation, the middle part (Fig. 5, Unit B) shows 

sudden regional changes in fluvial style. In the central 

part (Landete area), laterally restricted, single sand

stone bodies (more than 70%) with fining-upwards 

sequences, low angle accretion surfaces and epsilon 

cross-bedding dominate. These were interpreted as 

meandering river deposits. The NW part (Albarracin 

area) and the SE area (Chelva-Mediterranean area) 

show isolated or amalgamated bodies of low sinuosity 

and a higher percentage of fmes (about 50%). 

The change can be explained in part by a division 

in the basin due to differential rates of subsidence 

creating a low slope area in the Landete area in 

comparison with the other two, as described by Van 

Wees et al. (1 998) for this basin. Changes in sediment 

supply (Tonrqvist, 1994) can also reach the threshold 

at which one or another configuration is stable. It is 

evident that runoff was more stable for this period 

than at the base of the Alcotas Formation, given the 

low number of reactivation surfaces observed. 

Passage to the upper part of the A1cotas Formation 

(Unit C) represents another progressive change: very 

thin laterally restricted simple sandstone bodies iso

lated in red massive siltstones and the complete 

absence of macro- or microflora and palaeosols. 

This part can be interpreted as very distal braided 

river systems reminiscent of the distal fan fades 

with sheetfloods of the Devonian Old Red Sandstone 

(Kelly and Olsen, 1 993) and the Early Triassic con

tinental deposits of NE USA (Rubert and Hyde, 

1 983). A progressive warming of the climate with 

reduced and sporadic sediment supply is proposed 

for this period (Kidder and Worsley, 2004). 

Die-off of the flora and the absence of soil pro

files can only be explained by an extmbasin factor. 

At this point, it is tempting to invoke the coeval 

emplacement of the SE China Emeishan basalts, an 

LIP of moderate size (Thompson et aI., 2001). The 

absolute age of these basalts is now well established 

at 259 ± 3 Ma. for the main phase of vo1canism 

(Zhou et aI., 2002); the analytical results of Lo 

et a1. (2002) of 252.8 ± 1 .3 Ma. for the Emieshan 

basalts and 254.6 ± 1 .3 Ma. for the Panzinhua pre

cursory intrusion have been questioned and seem 

flawed by analytic incorrect procedures (Courtillot 

and Renne, 2003). 

The Emeishan basalts are older than the PfT 

boundary in the standard section of Meishan, China 

(Mundil et aI., 2001, 2004; Yin et aI., 2001) and 

should be related to the "end-Guadslupian" biotic 

crisis (Thompson et aI., 200 I ; Courtillot and Renne, 

2003) in spite of the small discrepancy between the 

accepted age for the Guadalupian-Lopingian bound

ary and the latest age of the Emeishan basalts (Cour

tillot et aI., 1 999; Wignall, 200 I ). The middle-upper 

part of the A1cotas Formation. Could be reasonably 

coeval with the emplacement of the Emeishan basalts. 

The injection of aerosols, sulphur oxides and CO2 
could have triggered an initial greenhouse state and 

acid ram. Subsequent deteriorating environmental 

conditions and raising temperatures (Kidder and 

Worsley, 2004) can explain the changes in the upper 

part of the formation, but more precise ages for this 

upper part are needed to confirm or rej ect this causal 

connection. 

5.4. Late Pennian-Early Triassic succession 

5.4.1. Hoz del Galla Formation 

The base of the Hoz del Gallo Formation repre

sents the third sudden change in fluvial style, where 

conglomerates of alluvial fan origin are deposited in 

most of the basin as far as the Caiiete area. The 

reason for this change is straightforward: an exten

sional tectonic pulse reactivated the basin bOWldary 

fault systems, created new steep relief in the foot

wall block (the Serrania de Cuenca Block) (Fig. 2) 

and a series of new transverse, steep streams feed

ing the fan systems. This situation mimics the origin 

and development of the older Boniches Formation 

over a slightly wider area. Elementary fining-



upwards sequences can be interpreted as the result 

of progradation and shifting of active deposition 

areas within fan lobes. The tectonic pulse is also 

the cause of the angular Wlconformity separating the 

second and third major sedimentary cycles. 

Two connected aspects of the origin and emplace

ment of the Hoz del Gallo Formation need further 

investigation: its origin, as water-laid deposits, and the 

presence of pollen and spore assemblages in some 

localities (Ramos and Doubinger, 1 979; Ramos and 

Sopefia, 1983; Sopefia et aI., 1 995). 

Renewed tectonic activity gave rise to new relief in 

a dynamic topography context. High topographic 

areas could provide a temporary refuge for vegetated 

areas stressed by raising mean temperatures and dete

riorating environmental conditions, since they can 

create topographic rains. On the other hand, complete 

melting ofthe icecap in the Late Permian (Beauchamp 

and Baud, 2002) increased the amount of shallow 

oceanic wann water and sluggish polarward circula

tion raised the temperature at the equatorial belt, the 

position of the Iberian Plate at the time (Marsaglia and 

Klein, 1983; Dickins, 1 993). The extra available heat 

increased cyclonic storms in the equatorial areas of 

the Western Neotethys (Stampfli and Borel, 2002), 

providing runoff to feed the juvenile watersheds and 

alluvial fans. 

These two combined factors, juvenile relief and 

enhanced precipitation, may have created environ

ments in which flora could have temporarily with

stood the deteriorating environmental conditions and 

created enough surfuce runoff to start off and feed the 

coarse-grained alluvial fans. 

The presence of white vein quartz pebbles of 

igneous origin and of ventifacts (=dreikanters) only 

in the upper member, combined with the sudden 

change in palaeocurrents mark the fourth change in 

fluvial style in the area where the Hoz del Gallo 

Formation was deposited; it is clearly related to the 

continued activity of the Serrania de Cuenca basin 

boundary fault system and the enlargement of the rift 

basin that tapped distant source areas with igneous 

and/or metamorphic rocks. 

As synrift subsidence continued, the basin 

expanded to the NE and drainage changed to adopt 

an along-axis pattern after a sudden transition, remi

niscent of the Boniches Formation third-fourth mem

bers transition. 

5.4.2. Caiiizar Formation 

The YOWlgest formation considered here consists, 

as stated before, of multilateral-multistorey sheet 

sandstones with vertically stacked cosets of cross

strata truncated at the top. The sharp contact with 

the upper member of the Hoz del Gallo Formation 

or, where this formation was not deposited, the Wlcon

formity upon the A1cotas Formation represent the 

fourth sudden change in fluvial style. These represent 

sandy braided rivers of extreme channel instability 

and abWldant shifting of the active depositional zone 

(Arche and L6pez-Gomez, 1999). These fluvial sys

tems encoWltered no obstacles for migrating across a 

wide, flat alluvial plain; their stream power was mod

erate, as indicated by the metric scale of internal 

structures, and the depositional gradient was low. 

Fines are very scarce in this formation and there are 

no plant remains (macro or micro) nor vertebrate bones 

or footprints, except for a pollen and spores assem

blage near the top, of Middle Triassic (early Anisian) 

age (Doubinger et aI., 1 990). As stated before, the 

Permian-Triassic bOWldary lies inside this formation, 

probably near the base, or within its possible time

equivalent upper Hoz del Gallo Formation (Fig. 3 and 

8) in the Iberian Ranges and almost certainly over the 

whole of NE Spain (Arche et aI., 2004). 

6. Discussion 

The changes in fluvial style near the top of the 

conglomeratic Boniches Formation and at the base of 

the similar Hoz del Gallo Formation can be easily 

interpreted by intrabasinal processes: the response of 

the fluvial system to a certain amoWlt of extension 

during active periods of the basin boundary fault 

system by retrogradation; the early extensional 

phase caused the transverse drainage systems feeding 

a series of alluvial fans, but when the basin reached a 

certain width, an axial fluvial system was developed 

that was fed from far away source areas in the NW 

corner of the basin as the changes in petrology and 

palaeocurrents demonstrate. 

The change in fluvial style in the middle-upper part 

of the A1cotas Formation cannot be explained in such a 

straightforward way: the simultaneous change from 

gravely braided fluvial systems to sandy high-sinuosity 

systems, lack of soil horizons and absence of organic 



remains cannot be explained by structural reasons, so a 

extrabasinal process must be invoked. The most prob

able cause is a widespread die-off of the vegetal cover 

leading to the destabilization ofthe channel banks and a 

progressive increase of temperatures, coeval and 

related to the emplacement of the Late Pennian SE 

China basaltic large igneous province. 

The transition from Late Pennian high-sinuosity 

rivers with thick, fine-grained floodplain sequences 

to Late Pennian and Early Triassic sandy braided 

rivers devoid of frnes is a remarkable feature of distant 

coeval continental basins such as the Karoo Basin, 

South Africa (Smith, 1995; Ward et aI., 2000; Smith 

and Ward, 2001 ;  Retallack et aI., 2003), the Sydney 

Basin, Australia (Miall and Jones, 2003), the Sanga do 

Cabral-Santa Maria Basin, Brazil (Zerfass et aI., 

2003), the Collio and Orobic Basins, N Italy and the 

South Devon Basin, England (Audley-Charles, 1970; 

Smith et aI., 1974; Laming, 1982) among many 

others. 

These features, alluvial plains without significant 

vegetation cover, an increased bed load, a substantial 

decease in the frnes supply from the source area, and a 

high instability ofthe active channels, call for a global 

cause as an explanation, local tectonics or even regio

nal climatic change clearly being unsatisfactory. 

The hypothesis of a rapid episode of plant die-off 

at the Pennian-Triassic boundary has been proposed 

by Smith (1995) and Ward et a1. (2000) for the Karoo 

Basin, combined with substantially decreased oxygen 

and increased CO2 in the atmosphere (Retallack et al., 

2003). This would also explain the vertical change 

observed in passage from the Hoz del Gallo to the 

Caiiizar Formation, but in any case, the ultimate cause 

of the die-off would need to be established. 

One of the most interesting hypotheses is the rapid 

release of methane and other dissolved gases, such as 

carbon dioxide and hydrogen sulphide from stagnant 

oceanic waters (Hotinski et aI., 2001 ; Ryskin, 2003) 

or from dissociation of methane c1athrates in perma

frost and shallow marine continental shelves (Krull 

and Retallack, 2000; Retallack et aI., 2003). If this 

degassing occurred through one mechanism or 

another, global wanning would occur and the atmo

sphere would lose oxygen and gain carbon dioxide 

with catastrophic consequences for terrestrial living 

organisms. Validating this hypothesis requires detailed 

geochemical studies of oxygen and carbon isotopes 

and morphological details of stomata density in plants 

and bone vascularisation in terrestrial vertebrates, well 

beyond the scope of this paper. 

Once again it is very tempting to invoke a maj or 

volcanic event: the emplacement of the West Siberian 

Basaltic LIP. These basaltic rocks, up to 6500 m thick, 

covered more than 4 million km2 and perhaps up to 

5.7 million, and their emplacement took only about 

600,000 years, from 251 .7 ± 0.4 Ma. to 251 ± 10.3 

Ma. (Renne et aI., 1995; Kamo et aI., 2003; Reichow 

et aI., 2002; Biichl and Gier, 2003). Despite the 

problems related to comparing sets of absolute ages 

obtained by different geochemical methods, all the 

absolute age sets published support these values. 

If the age of the Pennian-Triassic boundary at 

Meisan, China has been established at 251.4 ± 0.2 

Ma. (Yin et aI., 2001 ; Wardlaw and Schiappa, 2001 ; 

Menning, 2001), the gigantic outburst of basaltic 

magma is coeval with the Permian-Triassic bOWldary. 

It is very important to make some precisions about the 

absolute age of the PIT boundary at the standard 

section of Meishan, China, because the value of 

251 ± 0.2 Ma. established in the original defmition 

of the boundary (¥tn et aI., 2001 ; Menning, 2001), 

in total coincidence with the ages proposed for the 

Western Siberia basalts (Renne et aI., 1995; Reichow 

et aI., 2002; Kamo et aI., 2003; Biichl and Gier, 2003), 

has been revised by Mundil et a1. (2004) and estab

lished at 252.1 ± 1 .6 Ma.; in any case even this new 

age is consistent with a causal relation between the 

biotic crisis at the PfT boundary and the emplacement 

of the Western Siberia basalts if we consider the error 

margins and possible minor inconsistencies in the 

comparison of absolute age data sets obtained by 

different geochemical procedures (Metcalfe and Mun

dil, 2001 ; Metcalfe et aI., 2001 ; Mundil et aI., 2001). 

The enormous amoWlts of SOb COb HP, Cl and other 

gases released into the atmosphere would trigger a 

rapid climatic change with increased temperatures, 

poisoning by acid rain and disruption of food chains 

leading to major extinctions both on land and on sea 

(Renne and Basu, 1991 ;  Renne et aI., 1995; Erwin, 

1994; Twitchett et aI., 2001). 

The die-off of most of terrestrial vegetation, from 

peat to conifers, would promote the braided config

uration of the alluvial channels due to the loss of 

stabilisation offered by the riparian and floodplain 

vegetation. Bedload would increase because of the 



rapid denudation of unprotected regoliths in the 

source area, geochemical weathering cycles leading 

to the fonnation of clays would virtually cease in the 

absence of humic acids and the impact on terrestrial 

vertebrates would be enonnous (Michaelsen, 2002). 

Hence, for a brief period around the Pennian

Triassic boundary, extensive areas of semi-desertic 

or desert areas were created in equatorial and tropical 

Pangea, leading to the deposition of sheet-like sandy 

braided river systems, not only in the small Iberian 

Basin, but in large areas of northern and southern 

Pangea. Only at the beginning of the Middle Triassic 

(early Anisian) are new plant remains found at the top 

of the Cai'iizar Fonnation (Doubinger et aI., 1990), 

marking the recovery of plant communities. A new 

fonnation commences immediately afterwards, the 

Eslida Fonnation (fourth major sedimentary cycle), 

with more than 60% red siltstones and isolated, simple 

ribbon and/or laterally restricted multi-storey sand

stone bodies, not examined in this paper. 

Finally, some consideration must be given to the 

apparent heterocroneity between the sedimentological 

change from high-sinuosity, clay-rich fluvial environ

ments of the latest Pennian (Unit B of Alcotas For-
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mation) to the low-sinuosity sandy braided rivers 

(Unit C of Alcotas Fonnation and lower part of 

Cai'iizar Fonnation) latest Pennian-Lower Triassic, 

and the position of the Pennian-Triassic boundary 

in different basins around the world. For example, 

the boundary is located inside the clay-rich unit in the 

Karoo Basin (Retallack et aI., 2003), before the 

change. In contrast, in the Iberian Basin, the boundary 

is identified inside the sandy braided river unit, pre

ceded by the fluvial change (Fig. 9), as is the case, for 

example, in Sardinia (Ronchi, 2001; Fontana et aI., 

2001) wherein it is located inside the sandstones of 

the "Verrucano Sardo" in sections like Lu Caparoni or 

Cala Viola, similar in sedimentology and stratigraphic 

position to the Cai'iizar Fonnation, or the limit pro

posed by Maslarevic and Krstic (2001) in the Serbian 

karpato-balkanides. 

These problems can be easily explained if we con

sider the difficulty in establishing detailed correlations 

among biostratigraphic scales based on different fossil 

groups of far apart faunal and floristic provinces, and! 

or, as the Iberian Basin's fossil record suggests, if we 

consider two successive extinction bioevents : one in 

the Late Pennian, related to the SE China basalt flows, 
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Fig. 9. Fluvial styles in the Upper Pennian-Lower Triassic continental deposits of the Iberian Ranges, intervals with macro- and/or microflora, 

active rifting phases and temporal range of the basaltic large igneous provinces of this period. See text for source of the data. 



and another at the Permian-Triassic bOWldary, related 

to the West Siberian basalt flows (Fig. 9). 

7. Conclusions 

1 .  The Late Permian-Early Triassic sediments of the 

Iberian Ranges show four major vertical changes in 

fluvial style. 

2. These changes can be explained by intrabasinal 

factors such as local tectonic events, as the case 

of the first one, near the top of the Boniches For

mation (coarse alluvial fans and proximal braided 

fluvial deposits with transverse palaeocurrents to 

distal mixed braided fluvial deposits), or the third 

one at the base of the Hoz de Gallo Formation 

(proximal alluvial fan deposits at the beginning of 

a tectonic phase), but other changes such as the 

fourth one: the passage from the Hoz del Gallo 

Formation (coarse alluvial fans and braided fluvial 

deposits) to the Cafiizar Formation (sandy braided 

rivers) or the second one inside the Alcotas Forma

tion, both of them associated to a total lack of micro 

and macro flora remains would require further con

trolling factors of extrabasinal type. 

3. Micro- and macroflora disappear for a short inter

val during the Late Permian (top of the A1cotas 

Formation) only to reappear later on in the over

lying Hoz del Gallo Formation and disappear again 

in most of the Cafiizar Formation. These changes 

are probably related to the deleterious effects of the 

Late Permian Emeishan (SE China) and Permiani 

Triassic boundary Western Siberia (Russia) basaltic 

LIP emplacement. 

4. Alluvial fan deposits are related to extensional 

pulses creating high reliefs in the footwall blocks, 

while vertical transition to fluvial networks parallel 

to the basin axis can be explained by the growth of 

graben structures during synrift stages. 

5. Flora extinctions induced the installation of low

sinuosity river configurations in basal Triassic 

times since the stability normally provided by 

riparian and floodplain vegetation was diminished. 

6. The sandy braided river deposits appearing at the 

Permian-Triassic bOWldary of the basins examined 

here occur in many basins around the world and 

must therefore be related to a global event, prob

ably the emplacement of the Western Siberian LIP. 
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