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FLUVIAL NETWORK,
RAÑA DEPOSITS AND
APPALACHIAN RELIEF
OF THE IBERIAN MASSIF

Sil river canyon by the Sacra riverside, in the provinces of
Lugo and Orense (photo by M.M. Rodríguez Ruiba).
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When observing a landscape, the first impression is
aesthetic and emotional; then the questions arise:
How was it made? Which internal processes folded
and fractured those rocks? Which external processes
shaped them? All of them have scientific answers
more or less understandable to the layman or woman.
However, there is a harder question to understand:
the geological time (millions of years) necessary for
certain processes to develop. In this chapter we deal
with the significance of some of the main features
(fluvial network, rañas and Appalachian reliefs) which
since the end of the Cretaceous, 65 million years ago,
are outstanding witnesses to some of the landscapes
to be admired nowadays.
The Iberian Peninsula has a Variscan block as a core.
This basement crops out in the western part creating
the Iberian Massif, whereas in the eastern part it is
almost hidden under a Mesozoic-Cenozoic cover. The
Iberian Massif is formed by Precambrian and Paleozoic
rocks which have been intensely folded and fractured
along the Variscan orogeny during the Carboniferous.
Cenozoic sediments directly overlie it, except for some
Mesozoic deposits unevenly scattered through the
periphery. The meseta (plateau), as a geomorphologic
term, comprises the Iberian Massif and the set of
Cenozoic sediments deposited in the different basins
created in its lowermost areas.
The Iberian Massif has been an uplifted area since
the Late Carboniferous (295 million years ago), which
implies it has been subject to erosion during all the
Mesozoic and part of the Cenozoic, when the big
basins of the Meseta were differentiated. Therefore,
erosion surfaces make up the main reference element
for the Massif, the starting point for its present relief,
as well as for the relief in the Cenozoic.
The current relief configuration of the Iberian Massif
began with a period of break-up of the Variscan
Mountain Range, at the end of the Carboniferous and
in the Permian. Since the Triassic, the morphological evolution was influenced by a progressive height
degradation of the source area, reducing the relief
to the condition of a peneplain. A lasting, stable and
carbonate continental platform was present during
the Jurassic which extended until the end Cretaceous.
The hot and humid Cretaceous paleoclimate favored
the presence of kaolinite and ferruginous deposits
(syderolithic facies) in continental areas, as a consequence of the weathering and erosion of soils under
tropical conditions. The Cretaceous marked the end
of the Mesozoic under essentially tensional tectonic
conditions.
The Mesozoic configuration of the Iberian Massif,
a peneplain with residual reliefs, essentially quartzites, changes during the Cenozoic when the general
tectonic situation in the Iberian Peninsula evolves
to compressive conditions. The overlap of different Alpine deformations caused the appearance of
mountain systems (Sierra Morena, Montes de Toledo,
Central System, Galicia-Duero Massif and Cantabrian

Figure 1. 1) Raña de Guardo;
2) Rañas de Anchuras;
3) Río Xallas;
4) Arribes del Duero.

Mountain Range) and big endorheic areas such as
the basins of the Guadiana, Tajo and Duero rivers.
The erosion surfaces were fragmented into blocks
which were differentially uplifted or down dropped,
creating the aforementioned mountain systems and
Cenozoic basins. The configuration of the present
relief is the result of all these changes.
River erosion proceeded upward from the coast
towards the interior to level the terrain as with the
Mesozoic fluvial network maturity which was altered
by tectonic modifications. This meant the rejuvenation
of all the reliefs in the territory with the induced participation of river erosion, first synorogenic and later
postorogenic.
Due to these processes, the landscape began to display
its present features, with big mountain blocks limited
by tectonic accidents, which at the same time and to
a bigger scale, define the most important mountain
systems, the long mountain ranges following the
Variscan structures, and the deep incisions caused by
the fluvial network.
Among the resulting elements, the mountain ranges
with constant heights and flat summits (Appalachian
reliefs) and the deep incisions caused by the fluvial
network, together with the raña, which is closely
linked to them, are splendid examples of the geological evolution of a landscape characterized by its scientific significance and uniqueness.
The most representative geosites, with location indicated in figure 1, are: Raña de Guardo, Retuerta del
Bullaque and Navas de Estena depressions, Xallas
river and Las Arribes del Duero.

FLUVIAL NETWORK, RAÑA DEPOSITS AND APPALACHIAN RELIEF OF THE IBERIAN MASSIF

185

Figure 2, above. Main geomorphologic elements
of the relief of the Iberian Massif (MartínSerrano, 2000):
a) Erosion surfaces.
b) Differential reliefs.
c) Morphostructures in blocks.
d) Fluvial incision.
Figure 3, above right. The summit line of the
northern sector of Montes de Toledo, seen from
the Risco de las Paradas.
Figure 4, right. Weathering processes developed
on top of the raña, with typical soil profile.

The aforementioned three big geomorphologic elements of the Iberian Massif, together with the erosion surfaces, have their origin in the Alpine tectonics
affecting the area during part of the Cenozoic. Even if
the processes responsible for their creation are independent, the elements are related and the links can
be deduced from the close correlation they have to
certain lithostratigraphic units. The differential reliefs
or erosion resistant elements are linked to the syderolithic facies and are inherited from the Mesozoic at the
beginning of the Cenozoic. The big morphostructures
in big blocks are linked to the adjacent basins and to
the sediments filling them (arcosic facies) and are the
direct answer to Alpine compression. The dissection of
rivers is the consequence of previous morphotectonic
changes and has a correlative deposit in the river terrace systems (Figure 2).
The most common landscape in the Iberian Massif
is formed by NW-SE-trending mountain alignments
where it is possible to recognize inselbergs, long lasting residual reliefs and, whenever there is an alternation of more or less erosion resistant materials which
in addition is repeated by folding, the formation of
magnificent Appalachian or pseudo-Appalachian
reliefs. In almost all the cases, the differential ero18 6

sion is due to the contrast between the elongated
and leveled heights created by the most competent
materials (quartzites) on the flanks of the regional
megastructures, and the wide lower areas which
make up the core of those structures (slates, schists
and graywackes).
The uniqueness of the differential reliefs with
Appalachian character in the Iberian Massif can be
shown in a few examples of great geological interest.
From the Risco de las Paradas (Navahermosa, Toledo)
it is possible to observe a wonderful view (Figure 3)
of the peneplain summits of the Montes de Toledo
(1,000 m), upon the Navas de Estena and Retuerta
de Bullaque basins.
The term raña is a local name used in the Montes de
Toledo and Extremadura to define any pebbly high
plateau. The rañas are old alluvial deposits with a
great surface extension forming siliciclastic conglomerate deposits with alluvial origin and little thickness.
They crop out as hanging mesas (small plateaus)
above modern rivers, at variable height and slopes
depending on their geographical location, but in any
case with higher values than river terraces. They are
influenced by weathering processes (Figure 4) with
Martín-Serrano, A. - Nozal Martín, F.

weathering of slate clasts, disaggregation of quartzite
and sandstone clasts, segregation and moving of oxyhydroxides, silica and other chemical elements under
humid conditions, and modification of clay minerals
(Molina, 1991). The result is a rather evolved ultisol/
oxisol type of soil (Espejo, 1986).
The sedimentologic and edaphic features of rañas
have led to several climatic interpretations. Initially,
they were interpreted as related to arid or semiarid
climates. Later, they were interpreted as related to
seasonal rains linked to a previous humid stage followed by a dry stage during the deposit. There are
even modern researchers who relate them to a colder
climatic crisis coinciding with the first pluvial period of
the Villafranquian.
Undoubtedly, the raña represents a transitional stage
in the local geological evolution between two successive stages with opposed polarity: deposition (sediment genesis) and erosion (glyptogenesis) (Figure 5;
Martín-Serrano, 1991).
The raña concept is closely linked to that of fluvial network development, since both are the consequence of
up-river erosive processes. It is a progressive process
which can be dated at different moments between
the Miocene and the Pleistocene.
The raña de Guardo is the most eastern and remarkable of all the ancient alluvial fans of the northern
piedmont of the Duero Basin. Its apex is at 1080 m,
near Guardo, and its farthest reaches are at 940 m,
30 km south. The central-western area, dissected by
a terrace system with more than half a dozen levels,
gives evidence for the fluvial evolution which created
the Carrión river (Figure 6).
Around the Montes de Toledo, the rañas form a diffuse border to the east towards the Mancha plains,
whereas to the west they form spectacular plateaus,
hanging more than one hundred meters over the
riverbeds of the Guadiana basin. It is in these places
where, thanks to their great extension and deep dissection, the rañas reach their maximum expression.
These rañas (Anchuras, Puerto del Rey, Dos Hermanas,
and Cañamero) make up wide, triangular high plateaus (800-600 m), digit-shaped by erosion, and tilted
towards the main drainage channel, the Guadiana

Figure 5, above. Morphodynamic position of the
Raña, between two stages of geodynamic
evolution: sedimentation or filling, and
glyptogenesis or incision stage:
1) Basement.
2) Cenozoic filling.
3) Rañas (R) and terraces (T).
According to Martín-Serrano (1991).
Figure 6, below. The piedmont of Guardo
(Carrión river):
1) Raña
2) Terraces
3) Modern alluvial deposits
4) Source area and its edge
5) Cenozoic
Synthesis by Olivé et al. (1982) from geological map
at scale 1:50,000 (MAGNA).
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river. The rañas de Anchuras are remarkable for their
more than 20 km in length, and lay on the eroded preOrdovician materials of the Valdelacasa anticline. They
are formed by three digit-shaped bodies (Anchuras,
Los Alares and Horcajo de los Montes), slightly inclined
towards the Guadiana river and coming from the highest elevation of the Montes de Toledo (Figure 7).
Due to their higher plateau position, the raña has an
added value for landscape beauty, and a special geological and geomorphologic significance representing the change from sedimentary filling of endorheic
basins to later dissection of valleys by an exorheic
system.
They also display some peculiar edaphic paleosoil
features, as their sediments have withstood important weathering processes. The drainage conditions,
the siliceous (acidic) character of the sediments, the
hydrologic regime to which they have been subjected,
and the time since their deposit, are the factors determining their strong weathering.

Figure 7, above. Raña de los Alares, with the
Rocigalgo massif in the background.
Figure 8, left. Weathering processes on top of the
raña. Segregations and leaching upon the
sedimentary deposit.
Figure 9, below. Gorge of the Xallas river before its
last waterfall.
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The original materials (quartzite cobbles, sandstone,
quartz and slates) have been modified. This transformation is the consequence of weathering caused
by hydrolysis processes of the original components
(essentially the slates), as well as by ferrolysis (iron
oxidation and reduction), indicated by the strong red,
ocher and white colors (Figure 8).
The present configuration of the fluvial network is a
continuous and long process in the geological evolution of the Alpine Cycle. The incision of rivers is not the
immediate answer to a recent tectonic event affecting the whole Meseta, but a consequence of Alpine
rejuvenation which occurred a million years earlier
(Martín-Serrano, 2000). The current fluvial network is
as old as any other element of the Iberian Massif relief,
although most of the original features have already
disappeared.
The fluvial network in the Cantabrian Mountain Range
originated in the Oligocene-Miocene simultaneous with mountain uplift. Therefore, the spectacular
ravines of the rivers Deva, Cares, Sella, etc., have a
synorogenic character.

Figure 10, above, left. Last part of the Xallas river at
the Ézaro estuary.
Figure 11, above right. Los Arribes seen from their
beginning by the Meseta.
Figure 12, below. Los Arribes in their initial course
(Pino, Zamora).

The rivers of Galicia show the oldest fluvial drainage
system of the Iberian Massif. Their origin goes back
to a fluvial network from the end of the Mesozoic
(65 million years ago), contemporary to the Atlantic
opening (Pagés, 2000), with a peculiar evolution of
the incision during the Cenozoic, adaptation to fractures, and important river capture processes. Remains
from this original network are the senile valleys, both
inland (Narla, Mondeo, upper Miño) and on the coast
(Grande, Castro, Tambre and Xallas).
The most spectacular example of the lower course of
some rivers in northwest Galicia representing a primitive fluvial network is the Xallas river (A Coruña) in its
final part. The granite of O Pindo is interposed in the
last two kilometers of the river course (Figure 9) which,
in order to jump a height of 155 m, draws a slightly
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convex profile which ends in a 40 m high waterfall
over the estuary of Ézaro (Figure 10). At the base of
this spectacular waterfall are big size erosive features
(marmitas and pilancones) (Pagés, 1996).

towards the big continental Tertiary basins. All these
processes tend to regain the ocean base level modified by the important morphostructural reorganization
developed since the end of the Mesozoic.

South of the Duero river there is hardly any recent fluvial sedimentary record. The rivers close to Las Arribes
have strongly incised the basement (Figure 11). The
drainage network eroded deep gorges converging
towards the main channel. The most spectacular river
interval is called Las Arribes del Duero, almost 100
km long and also the boundary between Spain and
Portugal.
It is a monumental gorge carved in granite, with
vertical slopes, where the rivers cut the high plateau
formed by the main peneplain of the Meseta (Figure
12) deeper than 600 m. This area is a high step which
almost joins the Atlantic and the Meseta altitudes:
the Duero river jumps from 520 m altitude between
Zamora (630 m) and the border town of Barca d’Alba
(110 m).

In the southern Meseta, the drainage network adapts
to the geological structure, just cutting it sporadically
through fractures transverse to the main structures,
creating passes or portillos. The Guadiana river, arriving in Extremadura after crossing the Portillo de Cíjara,
stops adapting to the geological structure and creates
new passes (bocas or mouths of Valdecaballeros and
Puerto Peña) avoiding quartzite alignments. It is very
likely that these passes were already functional during
the Cenozoic, as pointed out by the different relict
sediments cropping out all along the river course. The
Guadiana river drainage system was already hinted
by the accumulation of the rañas from Extremadura,
since there is a direct relation between the rañas and
the current fluvial network: the whole regional network was already flowing towards the Atlantic when
the rañas were formed (Figure 13).

The incision of the fluvial network is particularly high in
the westernmost parts of the Iberian Massif. During the
Cenozoic, the Alpine rejuvenation undergone by the
Iberian Massif also caused the reactivation of its source
areas (area under erosion and sediment producer).
Fluvial incision processes continued to the present day.
The consequence was the retrogressive (headward) erosion of rivers towards the interior of the massif, and so

All the rivers of Sierra Morena run into the Guadalquivir
through gorges carved on the basement immediately
before leaving the Iberian Massif. The most significant ones are those of the Tinto and Odiel rivers in the
southwestern edge; of the Bembezar and Guadiato
rivers in the centre; and the Jándula and Guadalén
rivers in the northeast extreme (one of its tributaries
creates the gorge of Despeñaperros).

Figure 13. Fluvial network and incisions
in the Iberian Massif:
1) Iberian Massif;
2), 3) and 4) Mesozoic and Cenozoic;
5) Uplifted ranges;
6) Fluvial network;
7) Fluvial incision.
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Although there is no doubt that Quaternary eustatic
changes have also had an influence, most of the physiographic features of the rivers crossing the Iberian
Massif are proof of a geological past beginning 65
million years ago and continuing in the present day.
Hence, the Appalachian reliefs, the rañas, and the
fluvial network are nowadays the most significant elements in the landscape of the Iberian Massif, and are
a part of the geological heritage with international
relevance to be preserved and divulged. Knowledge
about their origin, significance and importance will
increase the significance of many landscapes of an
unquestionable beauty and magnificence.
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