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Abstract 

In the southeastern edge of the Iberian Meseta in southern spain, fluvial continen
tal Buntsandstein-facies red beds of Middle to Upper Triassic (Ladinian Norian) 
age unconformably overlie the folded and eroded Hercynian basement. The Setie Belts 
consist of an internal metamorphosed part and an external sedimentar y zone con
taining the Triassic deposits, with the latter seam being in turn divided into the 
Prebetic Zone with continental to shallow marine facies and the Sub be tic Zone with 
pelagic facies. The Buntsandstein-facies red bed series is vertically split into 
three main facies associations: alluvial fans and pebbly braided rivers (conglomera
tes and sandstones), low-sinuosity proximal and distal sandy braided rivers (sandsto
nes and mudstones) and eoastal evaporitic sabkha (mudstones, marls and gypsum). Allu
vial-fan and pebbly braided river sediments occur at the base of the sequence and co
ver the palaeorelief of the pre-Triassic morphology. The inner fan zone is characte
rized by debris-flows or mud-flows, the mid fan zone is dominated by sheet floods, 
and the auter fan zone is governed by stream flood and stream flow passing into pebb
ly braided rivers in front of the fans. With transition from restricted alluvial 
fans to an open braidplain, the pebbly rivers soon evolve both vertically and hori
zontally into sandy stream networks consisting of channels and floodplains. The chan
nel facies comprises sheet-type and ribbon-type sandstone layers. The sheet s form 
complexes up to 15 m and more thiekness due to amalgamation by multilateral coales
cence and multivertical stacking of individual genetical units. In the lower part of 
the series, the number of ehannels is rather high suggesting a non-hierarchical chan
nel pattern where high- and low-sinuosity rivers coexisto The middle portion re
fleets a smaller number of very large channels thus indicating an amelioration of 
the hierarchical pattern. The upper part consists of variegated sabkha pIain mudsto
nes and evaporites where channel deposits are almost absent. The floodplain facies 
is divided into proximal and distal parto The proximal floodplain facies comprises 
interbedded sandstones and mudstones containing sorne layers of nodular pedogenie car
bonates and originates by overbank sheet-flood, levee overtopping and crevasse-splay 
sedimentation. The distal floodplain facies is built up of mud with minor layers of 
silt and fine sand with intercalations of micritic lacustrine limestones and origina
tes in overbank lakes and ponds. Depositional sequen ces within the sandy braided ri
ver series comprise major sequences that are produced by migration of alluvial suben
vironments during course of their aggradation, and minor sequences that are related 
to alternating high- and low-water stages with changing channel abandonment and stre
am neoformation. The fluvial architecture is highlighted by two types of depositio
nal settings: proximal and distal facies. The proximal facies is characterized by 
predominantly straight channels without or with only poorly-developed levees and be-
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ing infilIed with sediments under rather high-energy conditions. The distal facies 
is characterized by low-sinuosity channels surrounded by better developed levees and 
being infilIed under lower energy conditions than the proximal equivalents. With pas-
8age from the proximal to the distal facies, the floodplain sediments consist of in
creasingly more backswamp, levee and crevasse-splay deposits as well as of sediments 
of 8ma!1 meandering channels operating in the overhank pIain between the large maín 
streams. The evaporitic complex at the top of the Triassic originates in en arid coa
sta! intertidal belt and supratidal sahkha seam. Within the sandy braided river com
plexes, the different magnitudes and effectivities of currents in large channels, 
small watercourses and floodplain reaches are underlined by partially divergent, bi
modal or even bipolar palaeocurrent directions. Copper mineralizations of mixed syn
genetic and epigenetic type in the terrestrial red beds are associated with plant 
debris in sediments of inactive to abandoned secondary channels and comprise azuri
te, chrysocolla and malachite. The Triassic palaeogeographical setting represents a 
Iarge bay between the European and African pIates. fluvio-Iacustrine red beds of 
Buntsandstein facies surrounded the bay and graded laterally into coastal and shal
Iow marine carbonates. 
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1. Introduct!on 

Triassic sediments in Spafn crop out in three major belts: the Pyrenees in the 
north, the Iberian Ranges in the .iddle and the Iberian Meseta in the south of the 
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country. In terms of Buntsandstein facies, the terrestrial red beds of predorninantly 
fluvial origin are quite co.parable w;th the classic germanotype deposits in the 
Mid-European Triassic Bas1n. 

The continental sediments in the southeastern edge of the Iberian Meseta in 
Southern Spain have been subjected to detailed sedimentological studies by Fernández 
(1977, 1984), Oabrio and Fernández (1980) and Fernández and Oabrio (1983), with the 
emphasis having been put on fluvial depositional processes and sedimentary 
mechanis.s. This paper ;s to summarize the state of know1edge with evaluat;on of the 
sequence in terms of fluvial architecture and depositional modelling of mainly sandy 
braided river systems. Although being of Middle to Upper Triassic age and thus not 
representing Buntsandstein sediments sensu stricto, the red bect sequence is assessed 
in the context of its similarity to the Lower Triassic Buntsandstein which is wide
spread in other parts of Spain and which occurs partially in almost identical fa
cies. For convenience, the Middle to Upper Triassic deposits are named 
" Buntsandstein-facies red beds .. within the descriptions and interpretations as fo1-
1 ows. 

2. Geological settlng 
The South Iberian Peninsula is built up of two major geological units which com

prise the Iberian Meseta and the Betic Belts. The Hercynian massif of the Iberian 
Meseta i5 formed by Precambrian and Palaeozoic rocks that were folded during the Car
boniferous. Since that period, the Hercynian massif kept be;ng a hfghland erosional 
terrain acting as the stable foreland that supplied a11 the siliciclastic sedi.ents 
which were subsequently deposited in the Bet;c realms during the Mesozoic times. 
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The 8etic 8elts comprise the majar features of Alpine age in Southern Spain, re
presenting the westernmost units of the Alpine Belts of the Mediterranean are a 
(f;g.1). Within the 8etic Ranges two main zones can be distinguished. 

The internal zones are built up of Palaeozoic (possibly including Precambrian) 
and Triasslc rocks that were metamorphosed during the Alpine orogeny. Younger rocks 
are only present in sorne units (Maláguide Complex). During the Triassic, they were 
placed more to the east, but they approached the Iberian Meseta during the Alpine 
orogeny due to majar movements of the European and Afr;can plates. 

The external zones consist of Mesozoic and Tertiary rocks which were falded and 
overthrusted during the Alpine orogeny. with Triassic rocks of Keuper facies being 
the main slipping layer of the nappes. Two .ain palaeogeographie real.s can be di
stinguished. The northern domain corresponds to the Prebetie lone that remained in a 
position very clase to the highland and erosional area of the Iberian Meseta during 
the depos;tion of the Mesozoic terrestrial to shallow .arine sediments. The Subbet1e 
lone is the southern da.ain where pelagie facies and subrnarine volcanic rocks are 
wel1 represented since Middle Liassic. 

3. Triassic structural elements 
The Triassie structural elements in the South Iberian Peninsula which can be di

stinguished across the Betie Cordillera according to facies and structure of the de
positional series comprise the southeastern edge of the Iberian Meseta, the external 
zones of the Beties and the internal zones of the Beties (the differentation into 
the palaeogeographic realms of the Prebetie lone and the Subbetie Zone is a younger 
feature). 

In the southeastern edge of the Iberian Meseta, an essentially horizontal 
ic un;t lies with angular uneonformity on top of the Palaeozoie rocks of the 
Meseta. This cover consists of Buntsandstein-faeies red beds and evaporites. 
schelkalk-facies is absent. 

Mesozo
Iberian 
The Mu-

In the external zones of the Beties, the Mesozoic sequence consists of 
Ge~n-facies sediments including Buntsandstein-faeies elastie red beds and evapori
tes. Musehelkalk-faeies carbonate rocks and sorne (sub)volcanic rocks. The internal 
tectonic strueture ranges frorn very complex to chaotic which rnakes the study espe
cially deceptive. 

In the internal zones of the Beties, three coaplexes that represent different pa
laeogeographic realms can be distinguished. The Nevado-Filábride eomplex consists of 
rnica-schists, quartzites and marbles that have undergone a complex tectonical and rne
tarnorphical evolution. The Alpujarride ca.plex includes Permo-Triassic phyl1ites, 
quartzites and carbonates of Alpine facies which display a cornplicated internal nap
pe structure. Permo-Triassic sandy and conglomeratic red beds of the German facies 
are characteristic for the Maláguide ea.plex, 

4. Trlassic palaeogeography 
The cornplex structure of the Betie Cordillera is the result of the interaetion of 

teetonic .ove.ents which can be related to the closing of the Tet~s ocean and the 
rotat1on of the Iberian Peninsula. To visualize the palaeogeography and structural 
dornains during the Triassic, these rnovements must be taken into consideration. An at
tempt to reconstruct the pattern shows several concentric, but irregular facies 
belts between the European and the African plates. 

The Trlasslc red beds of the Southeaster. IberIa. Meseta and other materlals of 
German facies of the external zones of the Beties lie on top of the southern margin 
of the European plateo The Nevado-Filábride ca.plex in assumed to be a metarnorphosed 
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equivalent of these which ;5 placed to the east and which ;5 probably related to an 
highland erosional massif that was obliterated during the subsequent Alpine orogeny. 

The Alpujarride ca.plex formed in coastal-to-shal1ow marine environrnents situated 
at an unknown distance to the east. The so-called Bet;c Dorsal and Ultrainternal Sub
betic doma;ns mast probably represent deposits of milieus placed in a transitional 
zone between the characteristic Ger.an and Alpine (Alpujarride) realms. 

The Maláguide ca.plex was the northern siliciclast;c belt along the margin of the 
Afriean Plate (ef. Bourgois 1980). The palaeogeagraphical oodel eonsists of a large 
.arine bay surrounded by Ger.an-facies terrestrlal braidplalns and playas which are 
developed at the edges of the European and African plates, grading laterally into 
the Alpine-facles coastal and shallow marine environments (Alpujarride complex) 
wh;ch extended to the east where the Triassic Tethys layo 

After deposition of the Buntsandsteln-facies, several .arine transgresslons too k 
place and coastal-to-shallow .arine sedl.ents of Muschelkalk-facies spread over the 
fluvlo-lacustrine coastal enviro.-.ents extending towards the continent during Upper 
Triassic times. The facles patterns and sea-level changes are the major control s for 
the palaeogeographical eyal.tia". The active and eomplex subsequent geologieal histo
ry introduced further changes that obliterated many primary-depositional features. 
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5. Triassic stratigraphy 
The Betie Triassic sediments líe unconformably on top of the older Hercynian 

rocks, both along the sQuthern edge of the Iberian Meseta and in the Internal Zones. 
Along the southeastern border of the Meseta, a belt of horizontal red beds craps 
out, which behaved as a rigid unit during the Alpine orogeny, forming an undefor.ed 
cover of the Palaeozoic saele. For this reason this un;t has been often referred to 
as "the tabular caver of the Iberian Meseta" in contrast with the deformed Mesozoic 
and Tertiary units of the Betic Belts (López Garrido 1971, Fernández 1977). 

The Hercynian rocks of the basellll!nt belong to the "Central-Iberic lone" of the 
Spanish Meseta. An Ordovician to Early Carboniferous siliciclastic section has been 
described from this area (Tamain 1970), but p1utonic granites and related magmatic 
rocks are a1so presento 

The northwestern 1i.it of the described red beds is of erosional type. Towards 
the north and northeast, they are eovered by horizontal Jurassic do1omites, whereas 
towards the southeast they grade into the fo1ded 8etic Belts. To the south they are 
uneonformab1y over1ain by the Neogene Units of the Guadalquivir Basin (ef. figs. 1 
and 2). 

According to pa1yno1ogica1 investigations (Bessems 1981) of the Tabular Cover 
(= Chiclana de Segura Formation, López Garrido 1971). the age ranges from Ladinian 
at the base to Early Norian at the top, with thus sedimentation a10ng the southern 
.argin of the Iberian Meseta not having started before Ladinian times (thus the 
Buntsandstein facies ascends into higher stratigraphic levels). The lower and early 
Midd1e Triassic periods which are represented by Buntsandstein-facies and 
MuscheTkalk-facies deposits in many other areas are therefore only represented in 
the .ajor di aste., and the Buntsandstein-facies red beds cropping out in the 
southeastern edge of the Iberian Meseta are indeed of Mfddle to Upper Triassie age. 

6. Sedimentary processes and depositional mechanisms 
The Buntsandstefn-facies red beds in the southeastern edge of the Iberian Meseta 

eonsist of three main facies associations: 

l. A congla.erate and sandstone facies association which (when present) occurs as a 
basal rnember of the section and was generated by a1luvial fans and pebbly brai
ded rivers. 

2. A facies association consisting of mudstones with interbedded sandstone layers 
corresponding to low-sinuosity sandy rivers in proximal or distal braided sy-
sterns. 

3. A .udstone. marl and gypsum facies association at the top of the section, repre
senting coastal evaporitic environ.ents. 

These sedirnents are mainly exposed in two extensfve outcrops near Chiclana de 
Segura (ef. fig. 3) and Alearaz (ef. fig. 4) whieh have been evaluated for the des
cription and interpretation as follows (additional data derive from Fernández 1977 
and Dabrio and Fernández 1980). 

6.1. Alluvial fans and conglomeratic braided rivers 
Poorly-developed congla.erate deposits which originated in alluvial fans and 

conglomeratic braided rivers occur at sorne places near the exhumed pa1aeoreliefs 
(partieularly in Villamanrique, ef. fig. 5). The deposits are attr;buted to the 
three zones of alluvfal fans (MeGowen and Groat 1971). 

The inner fan facies (proximal facies) consists of quartzite pebbles and cobbles 
(including sorne boulders) in a dominantly fine-grained (muddy) rnatrix. The resulting 
unstratified and structureless conglomerates are interpreted as debris-flow and 
mud-flow depos;ts (ef. Plate 1/9). Considering that they are in eontaet with the 
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fig. 3 
Stratigraphic s8ction of the Triassic red beds in the neighbourhood of Chiclana de 
Segura. Variou8 subenvironments are distinguishable together with distinct sequences 
related to the predominating conditions in these subenvironments or with their move
ment in spaee and time. For legend ef. fig. 4. 

palaeorelief and assessing the sedimentary processes involved, they are attributed 
to the inner zones of a s.all-size alluvial fan. 

The mid fan facies (.edial facies) shows characteristic fining-upwards sequences 
including three .eabers. The lower one is the lateral equivalent of the inner fan 
conglomerate facies and consists of poorly-sorted elast-supported quartzite gravels 
with only a little matrix made of sand and lutite. The internal structure is very 
poor, but sorne crude horizontal-bedding is visible. The lower boundary of the units 
is sharp. Low-viscosity flows are assumed which probably resulted in construction of 
longitudinal bar deposits within alluyial channels (Smith 1974). On top of this, a 
25 cm thick layer of even-laminated sand displaying sharp lawer boundary is interpre
ted as sheet flood deposits (6ull 1972) or low-stage stream flow sediments. Subse
quent pedogenic eenentation by calcium carbonate and iran oxides suggest an arid ta 
semi-arid climate. The tap of the $equence consists of a mud drape formed by 
waning-flow settling of fines. 

The outer fan facies (distal facies) or eongloaeratic braided river depasits also 
display a fining-upwards sequen ce which reflects deereasing flow conditions. The 10-
wer member consists of conglomerates with coarse sandy matrix. Local1y, imbrieation 
and horizontal-lamination or low-angle cross-bedding can be seen. This facies grades 
upwards into cross-bedded coarse sand and pebbles and higher up into clay (cf. Pla
tes 1/2 and 11/!). The coarse member can be interpreted as longitudinal bars in 
active channels, whereas the sand-clay member would represent deposits related to 
the decrease of flow in the ehannel or sediments of interchannel overbank areas. De
position ;s dominated by strea.-flood and stre~flow processes. 
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PIate 1 
1 : Panoramic overvie~ of the Triassic red beds in Alcaraz. P = Palaeozoic basement, 
e = channel facies, pfp = proximal floodplain facies, dfp = distal floodplain fa
cies, E = evaporitic unit, J = Jurassic carbonates. 
2 : Conglomeratic braided river deposits (outer fen). The lower part of the fi
ning-upwards sequence consists of clast-supported conglomerates with crude horizon
tal-stratification, whereas the upper part is built up of cross-bedded caerse sands 
passing into parallel-laminated medium sand and mudo Enlargement from PIete 11/1. 
Length of hammer 28 cm. 
3 : Pebbly braided river deposits. The sequence consists (in ascending arder) of con
glomerate, pebbly caerse sand and parallel-laminated to cross-stratified medium 
sand. Enlargement from Plate 11/1. 
4 : Interference ripples at the top of a sandstone layer in the upper part of a chan
nel-fill sequence. The overprinting of the earlier ripple trains originated after up
stream avulsion. Length of pencil 18 cm. 
5 : Laminated carbonates were deposited in ephemeral lakes in the floodplain. Diame
ter of fig. abt. 1 m. 
6 : Evaporitic gypsum facies showing (in ascending arder) banded gypsum (algal mat), 
chicken-wire gypsum and nodular gypsum in grey to green mudstone. The gypsum sedi
ments originated in supratidal to intertidal reaches of a sabkha in an arid coastal 
plain. 
7 : In sandstone beds of the proximal floodplain facies, the internal structures suc
cessively comprising cross-bedding, horizontal-stratification and ripple cross-lami
nation record the progressively decreasing current energy both towards the top with 
advancing accretion and towards more distal parts of the floodplain away from the 
channels. Diameter of fig. abt. 70 cm. 
a : The distal floodplain facies mainly consists of red mudstones with intercalated 
calcrete palaeosols (P) and fine overbank sheet sandstones (d) and are overlain by 
thick channel sandstones (eH). Note the erosional lower boundary of the channel fa
cies and the absence of proximal floodplain deposits. Diameter of fig. abt. 5 m. 
9 : Matrix-supported conglomerates of debris-flow origin in the inner fan reach. Dia
meter of fig. abt. 80 cm. 

The restricted alluvial-fan facies gives distally way to pebbly braided rivers of 
an open braidplain. The most representative sequences are built up of conglomerates 
at the bottom, passing upwards via coarse sand with cross-bedding to medium and fine 
sand with horizontal-stratification and cross-lamination (cf. Plates 1/3 and 11/1). 

6.2. sandy low-sinuosity rivers 
Successions laid down in these sedimentary environments consist of interbedded 

mudstone and sandstone a10ng with a few carbonate layers (cf. Plate 1/9). From the 
analysis of lithological associations, lateral and vertical sequences of facies, mor
phology of sedimentary bodies and palaeocurrent indicators, a fluvial environment 
was deduced (Fernández 1977). Several sedimentary facies related to the fluvial envi
ronment have been described and interpreted (Dabrio and Fernández 1980) comprising 
channel facies and floodplain facies. 

6.2.1. Channel facies 

The channel facies consists of thick sandstone layers (mean thickness about 15 
m). The prevalent internal structure is large-scale cross-bedding, plane-stratifica
tion and cross-larnination. Scoured surfaces bounding the individual sheets and co
sets are common. In sorne cases, the diasterns represent the changfng morphology of 
the bottom of the channel during high-water stages and are related to hfgh-energy se
di.entary structures. In other cases, the erosional boundaries are associated to 
deposition of fines and pedogenic processes at the top of sequences of upwards-de
creasing energy as witnessed by sedimentary structures and sometimes also grain si
ze. The existence of scouring records the alternance of high-water stages with 
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erosion and 1nc1510n and low-water stages with deposition. Minar fluctuations in 
discharge are registered by internal reactivation surfaces on large-scale bedforms 
(Collinson 1970, 1978). 

The oorphology of the resulting sedi .. ntary bodies is mostly tabular (sheet sand
stone bodies; Friend, Slater and Wil1iams 1979), because they are 1aid down in 
continuously .igrating channels with very high width-depth ratios. The sandstone 
sheets a1so originate by .ultilateraT coalescence and multivertical stack1ng of indi
vidual genetical units. In the lower part of the sections, the nUlber of channeIs ;5 
rather high suggesting a non-hierarchical channel pattern where high- and 
low-sinuos'lty r;vers (Moody-Stuart 1966) can coexisto Hlgh-s1nuosity rivers are re
presented by ribbon sandstone bodies (Friend, Slater and Williams 1979; Friend 1983, 
Stear 1983) which are s .. ller in scale than sheet sandstone bodies. The middle third 
of the sections shows a smaller nuaber of very large channels thus indicating an 
... lioration of the hlerarchical pattern. The upper third is made of variegated mud
stones and evaporites where channel facies sediments are almost absent. 

According to all these features. the sandstone layers are interpreted as deposlts 
of low-sinuosity seasonal sandy rivers. 

6.2.2. Floodplain facies 

Within the floodplain facies, two types reflecting distinct sedimentary processes 
are distinguished on the base of lithology, thiekness of strata and sedimentary 
structures; proxi.al and distal floodplafn facies (ef. Dabrio and Fernández 1980). 

The proxImal floodplain facies (Plate 11/4) consists of interbedded nudstones and 
sandstones with small-scale sed;mentary structures and sorne layers of nodular pedoge
nie carbonate. The sandstone beds were deposited during waning periods of floods due 
to the sudden deceleration of the current velocity. Deereasing energy both 
vert1cally (fining-upwards sequence) and horizontally away from the channel 
(cross-bedding and plane-stratification passing into cross-lamination and wavy 
bedding) is reflected in the sequence (Plate 1/7). The terminal stage comprising 
emergenee is sometimes punctuated by desiecation crack s at the top of the sandstones 
(Plate 11/8). The sandstone beds can be interpreted as overbank sheet flood deposits 
when they are tabular in morphology and very extensive, and as erevasse-splay depo
sits when they are pinching out quickly (cf. Allen 1964, Leeder 1974). 

The overbank sheet-flood and crevasse-spl~ sandstone layers are interbedded with 
mudstones which were deposited from suspension-load after recession of flood waters. 
Sand/aud rates and thicknesses of the sandstone layers decrease away from the chan
nels with declining environ.ental energy in standing lakes, ponds and puddles. 

Development of vegetation which was favoured by the proximity to the ehannels 
could take place on palaeosols whieh originated in se.1-arid climate. lmportant 
pedogenic processes such as growth of carbonate nodules in the ground were triggered 
by the roots of the flora. The carbonate concretfons occur in the B horizons of more 
or less well-developed palaeosols and contáin iron and manganese oxides. Sometimes, 
also mature caliches are present which are very similar to those developed in modern 
se.i-arld regions (cf. Allen and Leeder 1975). 

The distal floodplain facies is built up of nud with minor layers of silt and fi
ne sand, transported as suspension-load, as well as of 10 - 25 cm thick layers of 
laminated .icritic limestones (Plate 1/5) with blrd-eye textures and locally contai
ning ostracods, algal .ats and desiccation cracks. According to Friend and Moo
dy-Stuart (1970), these limestones were precipitated in epheaeral floodplain lakes 
where occasional1y also gypsu. could formo 
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Hg. 4 
Stratigraphic section of the Triassic red beds in the neighbourhood of Alcaraz. Va
rious subenvironments are distinguishable together with distinct sequences related 
to the predominating conditions in these subenvironments or with their movement in 
space and time. Legend to figs. 3 and 4. 

6.2.3. Depositional sequences 

Concerning organization of the depositional record. distinction can be made bet
ween .inor sequences generated by sedimentary processes acting within the alluvial 
sUbenvironments, and majar sequences related to migration of submilieus across ot
hers. 

6.2.3.1. Minar sequences 

Minar sequences are related to alternating high- and low-water stages and chan
ging channel abandon.ent and strea. neofor.ation. Three types are distinguished (cf. 
fi9. 6): channel sequences, proxi.al floodplain sequences and distal floodplain se
quences. 

Channel sequences are fining-upwards sections (upwards-decreasing energy; cf. Pla
te 11/9). The erosional base of the channel and the dominance of cross-bedded sand
stones are good indicators of rather high-energy, active transport and powerful 
deposition. The transition from large-scale cross-bedding to low-energy even-lamina
tion is related to partial abandon.ent of the channel when avulsion occurs upstream 
and most of the flow is diverted to a new channel. The generalized ffning-upwards 
sequences found in channel deposits include smaller fining-upwards sections separa
ted by scouring surfaces (.icrocycles, cf. Allen 1965). al1 of them recording the 
complex depositional history of the channel and the seasonal fluctuations of the hy
drau1ic systems. 



422 

Plate II 
1 : Lateral evolution from conglomeratic braided river facies (CBR) to pebbly brai
ded river facies (PBR). For enlargements ef. PI ates 1/2 and 1/3. 
2 : Sabkha deposits showing mudstones with gypsum nodules which become more abundant 
towards the top where they finally coaIesee to form a continuous layer with cotta
ge-cheese fabrico 
3 : Calcrete palaeosol with upwards increasing content of carbonate nodules. Scale 
in the upper 1eft = 5 cm. Enlargement from PIete l/B. 
4 : Proximal floodplain facies (below) consisting of alternating fine sand and mud, 
overlain by channel facies (above). 80th units form a thickening- and coarsening-up
wards sequence which is related to the lateral migration of the channel. Diameter of 
fig. abt. 4.5 m. 
5 : Channel facies consisting of horizontal-lamination (upper-flow regime) and lar
ge-scale cross-bedding (higher reach of lower-flow regime) which record the elevated 
energetic conditions existing during the initial stages of infilling of the stream 
course. Enlargement from Plate 11/9. Diameter of fig. abt. 70 cm. 
6 : Within cosets of cross-stratified channel sandstones, the decreasing set thick
ness towards the top reflects declining energy during accretion of the stream. Diame
ter of fig. abt. 3.5 m. 
7 : Ripple cross-lamination (section transverse to flow direction) within proximal 
floodplain deposits. Enlargement from Plate 1/7. 
e : The top of a sandstone bed in the proximal floodplain facies is intersected by 
mud cracks and perforated by burrows. Length of hammer 28 cm. 
9 : Fining-upwards channel sequences reflecting decreasing energy during eourse of 
aggradation of the stream. The upper-flow plane beds in the lower part of the sec
tion pass upwards into lower-flow regime cross-strata and parallel-laminae in the up
per parto For enlargement ef. Plate 11/5. Diameter of fig. abt. 7 m. 
10 : Even and wavy horizontal-laminated fine sandstone which is cut by minar scour 
sur faces was deposited in low-energy slowly-flowing water after avulsion of the stre
amo Channel facies of proximal areas. Scale in the lower right = 5 cm. 
11 : Horizontal-lamination of upper-flow regime type in the ehannel facies sediments 
records the high energy level existing during the early stages of infilling of the 
stream in proximal areas. Scour surfaees separate phases of infilling of the water
eourse. 

In the proxi.aT fToodpTain, fining-upwards sequenees aeeur within the sandstane 
layers. Cansidering the thiekness af such beds, hawever, thickening-upwards 
sequences are cammon (Plate 11/4) whieh are related to the increasing extent of 
sheet-type overbanking when the ehannel is fil1ed with sediments (ef. fig. 7. upper 
part) . 

In the distal floodplain. no definite sequenees are found. Monotonous suceessions 
of red mudstone with randoro intercalations of laminated carbonates, thin layers of 
fine sand to silt grain size, and pedogenic horizons are the most likely to the 
found. 

6.2.3.2. Major sequences 

Major sequences are produced by the interrelationship and migration of 
subenviron.ents. When a ehannel is established on a place, the main proeess is ero
s;on. The newly founded channel which is scoured into the substrate is e.pty. and, 
beginning from this stage, vertical accretion (with different rates of sedimentation 
aeeording to the type and degree of shifting of subenviron.ents) occurs. The upwards 
diminishing grain size in the ehannel sequences reflects decelerating transport 
potent1al with continuing aggradation of the stream and shallowing water depth. As 
the channel is progressively infilled with sand. the probability of overbanking du
ring high-water stages is progressively a.eliorating, and the levee-type ri.s of san
dy overbank deposits a10ng both margins of the channel become more and more well-de
veloped (f;g. 7, upper part). In this way. thickening-upwards sequences are genera
ted in the proximal floodplain. 
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Alluvial-fan deposits northeast of Villamanrique, showing en evolutionary scherne of 
proximal to distal facies, together with the facies and sequences which characterize 
the different parts of the fan (modified after Fernández 1984). 

Hg. 6 
Conceptual modela 
of characteristic 
sequences generated 
by sedimentary pro
ces ses acting in 
fluvial subenviron
ments (modified af
ter Dabrio and 
Fernández 1980). 
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Vertical and horizontal changes during course of aggradation of fluvial streams 
(schematically, no scale), Upper part: several stages of the depositional history of 
the channel. Lower part: ideal sequences, generated when a channel migrates by 
avulsion from 1 to 2. In the sections, the sediments related to channels 1 and 2 are 
indicated by 1 and 2, respectively. P.F.P. ; proximal floodplain, D.F.P. ; distal 
floodplain Cmodified after Dabrio and Fernández 1980), 

Finally, the channel beCa.eS unstable due to the hfgh level which is reached by 
the san~ infilling, and subsequently, the stream moves to a new place by avulsion. 
Downstream from the avulsion site, a dramatic decrease of energy is recorded by a 
change from high-energy cross~bedded sands to low-energy plane-stratified and 
cross-laminated sands. The new channel is subjected to a similar depositional 
evolution ando with its progressive infilling. new levee-type rias of overbank 
deposits overlying older sediments of the distal floodplain are formed. The repeated 
migration of subenviron.ents thus results in various types of sequences according to 
the spatial location of the sections with respect to the channel and the floodplain 
patterns and the teoporal sh;fting of the subm;l;eus (ef. fig. 7, lower part). 

7. Fluvial architecture 
Follow;ng description and interpretation of sedimentary processes and 

depositional .echanisms with evaluation of the fabric of fluvial megasequences and 
m1crosequences. the organization of the alluvial facies throughout the whole type 
sections is assessed in terms of reconstruction of the architecture of the fluvial 
syste. in t1.e and space. According to the characteristic features and distribution 
of channel and floodplain facies. two major types of fluvial systems are distinguis
hed in the non-conf1ned. gently-sloping Triassic alluvial plains which are spread 
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rige 8 
Depositional model of the architecture of the proximal facies of sandy braided flu
vial systems in the Triassie of Southern Spain. 80th channel facies and floodplain 
facies are characterized by fining-upwards sequences. Typical features are the large 
amount of upper-flow plane beds and the rarity of levee and crevasse-splay facies 
(modified from Fernández and Dabrio 1983). Schematically, no scale. 

along the southeastern edge of the Iberian Meseta. The r;ver netwarks are related to 
proxi.al and distal areas of the bas;n. 

7.1. Proximal areas 
Proxi.al areas (ef. fi9. 8) are characterized by a predominance of straight to 

low-sinuosity channels without or with only poorly-developed levees and infilled 
with sediments under rather high-energy conditions. A very typical feature is the in
ternal fabric of the sandstone bodies (channel facies) which display fining-upwards 
sequences composed of two me.bers. The lower Ee~r records high-energy condit;ons 
within upper-flow parallel-lamination (Plate 11/11) and .. jor erosional surfaces re
lated to ful1y active channels during vigorous floods. The upper portion includes fi
ner lower-flow plane-stratificat;on and undulating horizontal-lamination with minor 
scour surfaces (Plate 11/10) and other small-scale sedimentary structures (Plate 
11/7) such as climbing ripples that evidence low-energy conditions after partial ab
an~nt of the channel due to avulsian. Si.ilar sequences have been described by 
McKee, Crosby and Berryhill (1967) from the recent Bijou Creek (Colorado/USA). The 
most characteristic feature of these sediments which represent an environment domina
ted by flash flood conditions is the abundance of horizontal-l .. inatlon (facies Sh, 
Miall 1977). 

The floodplain facies associated to the proximal-area channel facies are bu;lt up 
mostly by mudstones, but layers of pedogenic nadular carbonate and paral1el-lamina-
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Hg. 9 
Depositional model of the architecture of the distal facies of sandy braided fluvial 
systems in the Triassic of Southern Spain. Both channel facies and floodplain facies 
are characterized by fining-upwards sequences. Typical features are the lower level 
of energy indicated by the abundant cross-bedding in the channel facies, the presen
ce of poorly-developed levees and crevasse-splays, and the existence of secondary 
small meandering watercourses between the large main streams (modified from 
Fernández and Dabrio 1983). Schematically, no scale. 

ted algal .at carbonate (backswamp deposits) are also common. Sandstone layers dis
playing fining-upwards sequences including horizontal-stratification and cross-lami
nation are attributed to sheet-flood overbanking of bed-load material. Ribbon sand
stone bodfes are thought to correspond to .inor channels in the interstreaa platn. 

7.2. Distal areas 
Distal areas (cf. fig. 9) are characterized by low-to ooderate-slnuosity channels 

which are infilled with sand under lower energy conditions as compared to the 
proxi.al-area type streaa networks. Levee belts are better developed. Sandstone bo
dies (channel facies) also display flnlng-upwards sequences that include parallel-la
mination, cross-bedding with set thickness thinning upwards (cf. Plate 11/6) and 
cross-lamination at the top (cf. Plate 11/6). Erosional surfaces with low rellef se
parate the fining-upwards sequences. The smal1 number and large extent of such surfa
ces suggest that they are related not only to fluctuatlons of dlscharge but also to 
changes of the position of the depositional area. These sequences are in many cases 
very similar to those described by Smith (1970, 1971, 1972) from the Platte river. 
The only difference refers to the bottom of sequences which is represented by 
longitudinal gravel bars (facies Gm) at the Platte river and by horlzontal-l .. inated 
sheet sands (facies Sh) in our example. 
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In other cases, the lower parts of the sequences are formed by sandwaves (facies 
Sp) being similar to the Bra~putra sequences (Calernan 1969). Sorne features common 
with Devon;an Battery Point Formation sequences (Cant and Walker 1976) or ;ts mo
dern equivalent, the South Saskatchewan rfver (Cant 1978, Cant and Walker 1978), can 
a150 be seen, but the bars (cross channel bars) found in the South Saskatchewan ri
ver do not appear in distal areas of the Buntsandstein-facies red bed fluvial sy
stems (apart from this, the thicknesses of the red bed sequences are much greater 
than those of the South Saskatchewan sedimentary successions. 

The floodplain facies are similar in both proximal and distal areas, but besides 
of the described features typical1y include tabular bodies of sandstone that 
(according to the internal structure) are identified as deposits of s.all .eandering 
strea.s in sorne cases and creYasse-spl~ channels and lobes in others. 

In surnrnarY9 during passage fro. proximal tu distal areas, the channel facies re
cord changes from mainly plane beds and abundant diastems to predominantly megaripp
les and a smal1er number of erosional surfaces, whereas the floodplain facies show 
increasingly more backswamp, levee and crevasse-splay deposits along with sediments 
in sma11 meandering channels (probably attributed to an interfluv;al independent 
drainage system, cf. Allen and Williams 1979, cf. also Mader 1985a). 

8. Coastal evaporitic environments 
Evaporitic gypsu. occurs in the upper part of the Triassic succession. The amount 

of gypsum varies from place to place. The thicker successions occur in those areas 
where the thickness of Triassic rocks reaches a max;mum (cf. fig. 11). 

A typical evaporitic succession includes four units (fig. 10). The lower one ;s 
made up of .udstone, cross-laminated sandstone and sorne dolomicrites and represents 
a continuation of the floodplain facies. This unit passes gradually upwards into 
.udstone with nodular gypsu. that probably indicates deposition in a coastal plain 
with terr;genous ;nflux. 

The thlrd unit consists of sandstone and gypsu.. Gypsum occurs as nodules that be
come increasingly more abundant in upwards direction until they form a continuous la
yer with cottage-cheese texture. Several of these sequences which attain abt. 60-90 
cm thickness can be present and are interpreted as supratidal sabkha deposits. 

The top.ost unit is gypsum of grey-green colour. Three textural sequences can be 
differentiated, that in ascending arder consist of th1nly-laminated gypSUE, thick 
gypsu. l~r with chicken-wire fabric, and .udstone with nodules of gypsu.. These se
quences are interpreted as deposits of intertidal to suprat1dal zones including 
algal aats and nodules of an~dr;te (later being totally replaced by gypsum). 

The .udstones and evaporites originate in transgressive arid coastal sedimentary 
environments similar to that of the Persian Gulf (cf. Curtis, Evans, Kinsman and She
arman 1963; Kinsman 1966 and Purser 1973). The upper part of the intertfdal zone and 
the supratidal sabkha are well represented. 

The top of the Triassic succession ;s marked by a layer of breccia underlying the 
dolostones of assumed lower Jurassic age. This layer witnesses the general 
transgression of the circum-Tethys area that has been recognized on both sides of 
the Atlantic (Orti Cabo 1982). In that area, the depositional sequences of Triassic 
age are similar to those found along the southern edge of the Iberian Massif. 

9. Sedimentary model and palaeogeographY 
The Triassic siliciclastic sediments along the southeastern border of the Iberian 

Massif are a good example of red beds deposited in an alluvial plain of low-sinuosi
ty streals on a passive margin of the European plateo 
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Fig. 10 
Upper lutitic-evaporitic section at the top of the Triassic series. This section re
presenta the transition from a fluvial environment to en arid-shoreline setting with 
evaporitic deposita. Within the passage belt, cOBatal plain, sabkha, intertidal and 
supratidal facies can be identified. 

The pre-Triassic palaeogeography consists of a very irregular palaeorel1ef which 
is cut deeply into the Palaeozoic rocks of the Iberian Massif that in sorne places we
re not fully covered by red beds. The isopach .. p (fig. 11) shows several outstan
ding features: 

1. Three elongated areas af .ax1.u. accu.ulat1on of sediments (Vilches and Génave 
with more than 400 m and Chiclana de Segura with more than 350 m) thickness of the 
red bed sequence placed southwards of the central Palaeozoic relief and more or less 
parallel to it. 

2. Areas of only thin sedioentary record (such as Santisteban del Puerto and Ar
royo del Ojanco). 

3. Areas of non-sedi.entation corresponding to sorne place of the central Palaeozo
;e relief and areas located more to the north. These places were not covered by sedi
ments and kept being erosiona1 regions throughout the Triassic. 

As a result, the .ax1.um thicknesses are recorded southwards of the central Pa
laeozo;c relief except of the surroundings of Linares (less than cne hundred 
meters). The lower values of thickness were found northwards of the relief where 
less than 150 ro were deposited and roany pre-Triassic hills and inselbergs were not 
covered at all. 
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fig. 11 
Isopach map showing the evaporite outcrops and the pre-Triassic palaeogeography 
which determined the situation of the alluvial-fan deposits and the orientation of 
the main fluvial systems. These occur in the zones where the thickness of the accumu
lated material s is greatest Cmodified after Fernández 1977). 

The distribution of sedimentary environments is largely controlled by the 
Hercynian palaeorelief, with alluviaT fans existing close to the mountains, but be
ing mostly developed a10n9 the northern edge of the Villanueva de la Fuente spur, 
and san~ braided syste.s (the bulk of the sedimentary record of this area) forming 
a broad bajada chain wh;eh ;s gently inelined towards the southeast as indieated by 
the palaeoeurrent pattern (fig. 12). These rivers flowed radially aw~ from the 
mountaineous region that aeted as souree area. Aeeording to Miall (1981, 1984), the 
river orientat1on would be transverse southwards of the Central Palaeozoie relief 
and longitudinal northwards of it. 

The d1fferent .agnitudes and effectivities of eurrents in channels and floodpla1n 
are nieely underlined by partially bimodal to even bipolar orientations of flows 
(for detailed evaluation of the s;gnifieanee of anomalous palaeocurrent d1rections 
of bimodal type in braided river systems ef. Mader and Teyssen 1985, Mader 1985 e). 

Coastal evaporite deposits are limited to the upper parts of the stratigraphie 
seetions of the southern edge of the Hereynian massif. Evaporites oeeur only in are
as of maximum thiekness of sediment (fig. 11). This striking fact suggests that they 
fon.ed in areas of marked subsidence that were the f;rst to be flooded during the 
transgression. No ;mportant evaporites were found around Villanueva de Infantes in 
the north of the Palaeozole palaeorellef. 

A definite cli.at1c ev1dence cannot be drawn from the evaluat10n of the aTTuv1al 
red beds (exeept of the calcrete paTaeosols testifying to semi-arid settings). 
Palaeoaagnetic deten.1nations suggest that the sediments were formed between 20 and 
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Hg. 12 
Distribution of pala80currents in the fluvial Buntsandstein-facies red beds. Typical 
features are angular divergences and sometimes even bimodalities between currents of 
different magnitude and effectivity Cthe significance of bimodal to bipolar palaeo
currents is evaluated and interpreted in detail in Mader and Teyssen 1985). Modified 
from Fernández (1984). 

40° north of the palaeoequator. There are, however, no present-day examples of 
low-latitude red beds. Many ancient red bed sequences are considered to be characte
rized by a diagenetic origin of their red caTaur, with intrastratal oxidation of 
iron silicates resulting in formation of ferric oxides and hematite that are 
responslbl. for reddenlng (for revie. of the problem ef. Mader 1983, 1985b). 

10. Economic interest of the Triassic rocks 
Copper m1neralizations are the only economical1y 1nterest1ng features in the 

Buntsandste1n-facies red beds. Copper mineralizat;ons occur both in the channel and 
the floodpla1n facies associations. The old mine of El Ahond111o in the neighbour
hood of Navas de San Juan (ef. fig. 2) is the most interesting of all (having been 
abandoned during the twenties, the mine attracted new attention in recent years; 
Fernández and Perez Garcia 1983, Torres and Fernández 1983). 

The mineralization is of strata-bound type with azurite, chrysocolla and malachi
te. From a sedimentological point of view, it is related to fine sediEnts (fine 
sands and mudstones w;th sedimentary structures indicating low-energy conditions), 
including plant debris, that are interpreted as deposits of secondary channels. The 
plant debris is usual1y limonitized or associated with hematitic iron oxides. The 
copper ores are mainly interstitial fillings which are present in intergranular spa
ces and fractures. The copper .inerals often corrode the main components of the 
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sandstone (quartz, feldspar and dolomite) due to replacement. The copper carbonates 
tend to concentrate preferential1y close to the zones of plant debris (this phenome
non of the association of heavy metal concentrations to remnants of vegetation oc
curs also widespread in the Upper Buntsandstein of the Eifel and surrounding areas; 
cf. Mader and Kars 1985). 

Mineralogical and textural studies reveal that the copper mineraTs origillated du
ring the late diagenesis under control of different fluids than those that induced 
the pro.inent early diagenetic transfonmations. Copper was leached as soluble sulpha
tes from weathered pri.ary outcrops of sulphides located in the Hercynian mass;f 
after deposition (in addition. primary concentrations originated by sedimentation of 
copper ore grains a10ng with the silicate sand. with the ore particles deriv;ng frorn 
erasion of vein mineralizations in the basement). The drainage waters leaching the 
ores after deposition were of acid nature due to the oxidation of the sulphides, and 
they infiltrated into and migrated through the porous bodies of sandstone. 
interacting with the rock-constituting minerals. In course of this interaction, the 
fluids were progressively neutralized. 

The copper ores were formed when proper p~sico-chemical barriers favoured the 
precipitation and crystallization. These barriers were the reduction of porosity due 
to the fine grain size of the sediments associated to the secondary channels, the 
interaction of solutions that carried the dissolved copper with the mineralogical 
constituents of the rocks. and the reducing effect of the plant debris. The origin 
of the .ineralization is at least in part of syngenetic type with already 
syndepositional concentration of the dispersed copper mineral grains in reaches of 
accumulation of plant debris. Subsequently. however, repeated mobilization and 
reprecipitation almost thraughout the diagenetic evolution resulted in considerable 
overprinting of the original syngenetic nature thus in sorne parts of the sequence 
even .i.icking a wholly epigenetic nature (as a1so revealed by the diagenetic alter
ations of other light and heavy minerals; cf. Mader 1981, 1983, 1985b). 

11. Conclusions 
l. The Triassic palaeogeographical setting can be visualized as a large bay bet

ween the European and the African plates. Fluvio-lacustrine red beds of Buntsand
stein facies surrounded the bay and graded lateral1y into the coastal and shallow ma
rine carbonates of the Alpujarride facies (Alpine-like Triassic deposits). The 
southeastern edge of the Iberian Meseta was of irregular shape and the red beds and 
evaporites filled up the marked palaeorelief. The sedi.ent sheets acted as rigid 
plates during the Alpine orogeny and were not deformed (tabular cover of the 
Meseta). According to palynological data, the age of the red beds ranges between the 
lowen.ost ladinian and the uppermost Norian. 

2. Rare coarse sediments related to alluvial fans and conglomeratic braided 
rivers occur at the base of the sections in the vicinity of the Palaeozoic 
palaeoreliefs. Locally, sediments of the various zones of alluvial fans were found. 
The inner fan facies consists of debris-fTow and mud-flow deposits. The mid fan sedi
ments are built up of conglornerates, sandstones and rnudstones arranged in fining-up
wards sequences. The distal fan and pebbly braided river deposits are characterized 
by conglomerates, sandstones and mudstones associated to fluvial channels which also 
display fining-upwards sequences. 

3. The bulk of the Triassic successions is the result of deposition by low-sinuo
sity san~ rivers. The channel facies is built up of fining-upwards megasequences re
lated to shifting of alluvial subenvironments which are in turn composed of fi
ning-upwards microsequences related to fluctuations of flow. The proximal floodplain 
facies (including levees) usually consists of interbedded mudstones and sandstones 
with thickening-upwards organization. The internal structure of the sandstone layers 
records the decrease of flow energy both towards the top with progress1.e lnfllling 
of the channel and to the distal parts of the floodplain with deceleratlng capacity 
of the water surges. Layers of pedogenic carbonates and horizons with much iron oxi-
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des are also presento Far away fram the channels, thick accumulations of mudstone we
re laid down forming the distal floodplain facies. The distal overbank mudstones can
ta;n intercalations of laminated micrites and fine sand and silt which, however, 
lack any significant sequential arrangement. 

4. Lateral wandering of al1 those closely related environments resulted in 
various types of fluvial sequences. The active mechanism was the progressive 
;nf111109 of the channel that caused an increased importance of the floodplain 
processes with declining water depth and ameliorated overtopping of the levees by 
flood surges. As the rate of sedi.entation in the channel areas was higher than in 
the topstratum flat, the channel progress;vely aggraded until ;t eventually becarne 
unstable and moved away by avulsion to a new course. The highly variable 
superposition of facies that resulted from these lateral changes of position account 
for the many different sequences found ;n the Triassic Buntsandstein-facies red 
beds. 

5. Considering the whole fluvial facies, sorne differences ex;st in the fluvial 
architecture between proximal and distal areas. In proximal areas, the channel 
facies is characterized by upper-flow regirne plane beds, whereas ;n the distal zo
nes, cross-bedding originating by migration of rnegaripples predominates. The number 
of seour surfaces decreases towards the distal areas, because the incidence of 
fluctuations of flow ;s smal1er in that direction. Floodplain deposits of the distal 
areas of the fluvial systems include cornmon backswamp and crevasse-splay intercala
tions as well as sorne minar rneandering channels between the main braided streams, te
stifying to a higher stability of the fluvial system in the distal areas. 

6. The fluvial facies change gradually into the sabkha sedime.ts and intertidal 
deposits of the evaporitic-lutitic unit. At the top of all the sections, the 
shallow-marine Early Jurassic lf.estone records the extensive transgression that 
too k place in the circum-Tethys regions at the end of the Upper Triassic. 

7. The existence of strata-bound copper ores. associated to deposits of inactive 
secondary channels, reinforces the need of sedimentological studies for prospection 
of these minerals. 
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