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Las 4reas montafiosas de la Peninsula Ibérica se caracterizan por presentar un relieve
glaciar y periglaciar, consecuencia de los cambios climéticos que tuvieron lugar du-
rante el Pleistoceno. Este relieve, aunque ligeramente modificado, también se puede re-
conocer en las partes elevadas de la Cordillera Cantabrica.

Los efectos de estos procesos glaciares y periglaciares fueron parcialmente contro-
lados por la litologfa del sustrato. En las zonas calcdreas, la karstificacién, activa
durante y después de la glaciacidn, afect6é no sélo el desarrollo de las formas gla-
ciares y periglaciares sino también a su conservacién. En el macizo de Picos de Eu-
ropa, formado casi exclusivamente por calizas carboniferas, las formas erosivas
glaciares, principalmente a gran escala, mezcladas con formas kdrsticas alcanzaron
un desarrollo importante. Sin embargo, los depdsitos glaciares son escasos: las mo-
rrenas se conservan principalmente en las zonas bajas. La respuesta de estas cali-
zas a las condiciones periglaciares fue pequefia. Los glaciares rocosos, frecuentes
en las 4reas silicicldsticas de la Cordillera, no se desarrollaron en Picos de Europa.
Durante y después de la deglaciacién, se produjeron avalanchas de rocas en las
areas calcdreas mientras que las rocas silicicldsticas sufrieron deslizamientos rota-
cionales.

Palabras clave: glaciokarst, Parque Nacional de Covadonga, Picos de Europa, Cordi-
llera Cantdbrica.

The climatic cooling of the Pleistocene that resulted in the Scandinavian and Alpine
glaciers also affected the mountainous areas of the Iberian Peninsula, the Cantabrian
Cordillera among them. Those climatic changes originated a glacial and periglacial
landscape that, although slightly modified, is still preserved.

The effects of these glacial and periglacial processes were partially controlled by
the lithology of the substratum. The karstification, active during and after glacia-
tion, affected not only the development of the glacial and periglacial forms but al-
so their preservation. In calcareous areas of the Cantabrian Cordillera, such as Pi-
cos de Europa massif, composed almost entirely of carboniferous limestones, gla-
cial erosional forms, mainly large scale, mixed with karst landforms reached major
development. There are, however, minor glacial deposits: moraines are present
only at lower elevations. The response of these limestones to periglacial conditions
was minimal. Rock glaciers, common in siliciclastic areas of the Cordillera, did not
develop in Picos de Europa. During and after deglaciation, the limestones were
subject to rockfalls whereas siliciclastic rocks were likely to undergo rotational
landslides.

Key words: glaciokarst, Covadonga National Park, Picos de Europa, Cantabrian Cor-
dillera.
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INTRODUCTION

Picos de Europa is a high massif located in
the Cantabrian Cordillera of the northwestern
Iberian Peninsula. Despite the high elevation of
Picos de Europa, the headwaters of the rivers in
this area lie to the south, where elevations are si-
milar to the ones inside the massif. The Duje and
Cares Rivers, flowing north to the Cantabrian
Sea tfrom their headwaters, cross Picos de Euro-
pa and divide them into three big units known
from east to west as: Macizo Oriental (Eastern
Massif), Macizo Central (Central Massif), and
Macizo Occidental (Western Massif) (Fig. 1).

Covadonga National Park (C.N.P.), the ol-
dest in the Iberian Peninsula and one of the first
in Europe, occupies most of the Macizo Occi-
dental. It has an approximate area of 170 km?2,
and its highest peak, Pefia Santa de Castilla
(2596 m), is only 30 km from the coast.
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Due to this proximity to the sea and to the
climatic barrier created by the mountainous
alignment, the massif has considerable cloudi-
ness and heavy precipitation (with snowfalls du-
ring the winter), specially in the north half of
the massif. At present, there are perennial snow-
patches in protected areas. In colder times of the
past, these climatic characteristics and the high
elevations provided favorable conditions for
glaciation. Glacial ice, under snow, has recently
been found in the Macizo Central, and it pro-
bably exists also in the Macizo Occidental
(Gonzdlez Sudrez and Alonso, 1994).

Glacial and periglacial landforms are com-
mon to all uplands in the Cantabrian Cordillera,
although in Picos de Europa this landscape is
partially masked due to the lithologic composi-
tion. As the substrate is formed mainly of calca-
reous rocks, karstification is mixed with glacial
and periglacial processes and therefore Picos de
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Europa have a more complex geomorphology
than in the rest of the Cantabrian Cordillera.

By studying the landscape of C.N.P. and by
comparing it with the morphology of siliciclas-
tic areas of the Cantabrian Cordillera, it is pos-
sible to note variations controlled by the litho-
logy, in the manifestation of the glacial and pe-
riglacial conditions and in the development of
the different forms associated with these pro-
Ccesses.

GEOLOGICAL SETTING

The Hercinian Massif was divided by Lot-
ze (1945) into several zones, the Cantabrian
Zone among them. A further division was ma-
de by Julivert (1967) who, considering tecto-
nic and stratigraphic characteristics, distin-
guished five big geological units in the Canta-
brian Zone. Three of these units are represen-
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ted in the Macizo Occidental of Picos de Eu-
ropa: Picos de Europa Unit, Ponga Unit, and
Pisuerga Carrién Unit.

Most of the area of C.N.P. is within the Pi-
cos de Europa Unit (Fig. 2). The stratigraphic
units that form most of the substrate of the Park
were studied by Maas (1974), Farias (1982),
Martinez Garcfa and Rodriguez Ferndndez
(1984), and Marquinez (1990).

The sequence commences with the Oville
Formation, comprised of shales and glauconitic
limestones with a minimum thickness of 50 m
(Fig 3). Above is the Cambro-Ordovician Ba-
rrios Formation, composed of 650 m of white
quartz arenites, with some shales, siltstones and
conglomerates interbedded. Overlying them are
two thin formations: the Ermita Formation of
quartz arenites and microconglomerates, and
the Portillas Limestone of white and light grey
color with encrinitic levels.

Fig. 2.— Geological map of Covadonga National Park. Simplified from Julivert and Navarro (1979).
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The base of the Carboniferous series, the Al-
ba Formation, consists of nodular limestones
with lutitic intercalations and red radiolarites in-
terbedded in the middle part. There is a gradual
change to the Caliza de Montaiia, composed of
two formations: the Barcaliente Formation of
dark grey, finely laminated bedded micritic and
biomicritic limestones with a thickness of 60-80
m, passing gradually to the Valdeteja Formation
with fossiliferous and bioclastic, massive limes-
tones, with a thickness of 300-550 m. The Picos
de Europa Formation also has two parts: a lower
member of dark, bioclastic laminated limesto-
nes, often interbedded with chert, and an upper
member of light, massive limestones, interbed-
ded with reddish encrinitic limestones. The total
thickness of these two members is 500 m., Fi-
nally, Stephanian deposits lie unconformally
above; these are calcareous conglomerates and
breccias, bioclastic limestones, calcareous are-
nites, shales, and siliceous conglomerates. Qua-
ternary materials include drift, periglacial depo-
sits, colluvium, and decalcification deposits;
they have an unequal distribution and are more
common in the lower areas.

As shown on the geological map (Fig. 2),
this region is dominated by calcareous Carboni-
ferous rocks. The great sequence of limestones,
thickened by a thrust complex, is in contact to
the south with the Pisuerga-Carrién Unit. This
unit is formed of dominantly siliceous materials
also of Carboniferous age (conglomerates,
sandstones, shales, and some limestones) that
creates a strong lithological contrast. The geolo-
gical structure of the Picos de Europa is very
complicated. Numerous thrusts formed during
the Variscan orogeny are the main structure;
they run NW-SE in the western part and E-W in
the eastern part. There are also some alpine
faults affecting these thrusts.

PHYSIOGRAPHIC FEATURES

The most important morphologic features
in this area are of fluvial, glacial, and karstic
origin.
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Being a calcareous massif, there is a com-
plex groundwater flow with paths not well
known yet; the groundwater basins correspond
only partially to the ones of surface waters. The
incomplete development of the surface drainage
basins was caused by karstification. There are
blind valleys and large closed depressions, most
of them of glacio-karst origin, locally known as
«jou» (plural, «joos»).

The Cares River to the east, as well as the
Dobra River that constitutes the SW limit of
C.N.P, are deeply incised into the calcareous
rocks. In the Cares Gorge, the relief in short ho-
rizontal distances is up to 1500 m, to the west in
the Macizo Occidental, as well as to the east in
the Macizo Central. The Cares River cuts the
Hercynian structures while the Dobra flows mo-
re or less parallel to them.

In C.N.P. seven geomorphic units were dis-
tinguished (Fig. 4). The main drainage divide
within C.N.P. extends NW and NE from the hig-
hest point in the massif, Pefia Santa de Castilla.
This divide separates the North Zone from the ot-
her six geomorphic units, and constitutes a very
important barrier from a climatic viewpoint.

C.N.P. as a whole is characterized by a com-
plex landscape where the alignments of most of
the erosional landforms are structurally contro-
lled. The surface of the massif is quite smooth in
some areas (Fig. 5). Elsewhere rugged uplands
alternate with deep depressions; the smoothed
profiles of the depressions are in part due to lo-
cal filling with debris of varied origins.

In the higher zones the glacial forms prevail
over the karstic forms; they constitute a Pleisto-
cene glaciokarst. And, although the glaciokarst at
present is being dissected by active processess, it
is still possible to recognize glacial forms, spe-
cially. those of large size. The lower portion in the
North Zone represents a fluviokarst where fluvial
forms are mixed with karstic forms.

GLACIAL GEOMORPHOLOGY

Glacial features in Picos de Europa were al-
ready known early in this century (Obermaier,
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1914; Hernandez Pacheco, 1914); since then,
many studies have been conducted. An impor-
tant contribution is the one by Miotke (1968) on
the karst of the Macizo Occidental, that includes
some aspects on the Quaternary glaciation of
the area. The increasing interest in the glacial
geology of the Cantabrian Cordillera is reflec-
ted in the studies made on this massif by Mar-
quinez (1990), Alonso (1992), and Flor (1992),
among others.

In relation to glaciation, the most notable
characteristic of C.N.P. is the small amount of
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deposits covering the bedrock surface (Figs. 6
and 7). Large scale erosional forms, on the ot-
her hand, are well developed, specially in the
higher areas. There are numerous cirques and
glaciokarst depressions («joos») that acted as
snow accumulation areas.

Cirque floors are at different altitudes
(1350-1900 m) and their aspect shows great va-
riability (Fig. 4). An analysis of cirque aspects
points to structural control of cirque disposition,
as there is a relation between aspect and the
joint pattern given by Marquinez (1990).

LLOROSOS ZONE

“f CORONA
ZONE

Fig. 4— Geomorphic units of Covadonga National Park showing cirque aspects. Numbers indicate locations of the central

parts of the photos.
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During glaciation, snow accumulation to-
ok place not only in cirques but also in glacio-
karst depressions. According to Smart (1986),
these are the major large scale landforms in
the Macizo Oriental. Possible origins of the
joos include:

1. the biggest joos, elliptical or circular in
plan up to 1300 m across, are located in
zones of close fracturing that would be
already lowered by karstification before
their occupation by glacier ice. During
glaciation the deepening would proceed
farther due to physical processes (glacier
overexcavation) and chemical processes
(solution by subglacial melt water), as
subglacial flow would converge to the
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axial zones of these depressions (Smart,
1986). After ice retreat joos continue
evolving for they are favorable areas for
snow accumulation. Thus, they are nival-
glacio-karstic forms. This hypothesis
coincides with the one given by Nicod
(1976) for the glaciokarst depressions in
Grostedi, Italy;

some other joos, smaller in size and lo-
cated close to the glacial divides, are es-
sentially modified cirques. Solution by
meltwater deepened these joos. Follo-
wing Ford’s (1979) classification they
are karstiglacial forms, also with nival
influence;

in very few cases, joos are dolines with
little erosion by ice.

Fig. 5.— Aerial view from the Macizo Central of the SE Zone showing the south face of Pefia Santa de Castilla (the highest
peak). Notice the difference between the polished areas that were ice-covered and the rough peaks. The Cantabrian
Sea is in the background. (Photograph by L. Montoto).
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Medium-scale features, such as smooth
areas and polished surfaces, are partially dis-
sected by karstification. It was not possible to
find striations or other minor features in this
massif due to the high rates of solution of the
limestone in Picos de Europa that, according
to Garay Martin and Morell Evangelista
(1989) and to Garcia Codrén (1989), are the
highest in the Spanish karstic systems. Stria-
tions, however, have been found in the Macizo
Central in rocks that were covered by debris
until recently.

Also because of the lithology, the topo-
graphy is not organized in thalwegs and water
divides. There is, however, a net of interlaced
valleys with irregular longitudinal profiles.
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They frequently have U-shaped cross-sections
characteristic of glaciated valleys; examples are
Ordiales, Cebolleda (Fig. 7), the upper part of
the Resecu, or Enol Valley (Fig. 8), all of them
in the North Zone.

During the cold periods of the Pleistocene
C.N.P. was covered with several glacial sys-
tems, the locations controlled by preexisting
topography (Fig. 6). The glaciers radiated
down from the higher areas and ice flow fo-
llowed, in general, the main fracture direc-
tions, which had already determined the for-
mer landscape.

During the maximum of the glaciation there
were small ice caps covering the higher areas.
Some of the successive positions of the ice mar-
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gins, during the deglaciation, are recorded by
morainic deposits. Only those of Lakes Enol
and Ercina (Figs. 6, 8 and 9), at about 1000 m
in the North Zone, and those at Pambuches
(1220 m) and Arestas (1150 m) in the South Zo-
ne, indicate the limit of the glacier front, as they
are end moraines. Ice may have extended farther
downvalley than where the best-developed mo-
raines are located (Flor, 1992; Miotke, 1993,
pers. comm.). Well-developed lateral moraines
in the North Zone at Belbin (Fig. 10) and Pan-
decarmen also indicate a minimum elevation for
the glaciers of about 1000 m.

The volume of deposits diminishes toward
the central parts of the massif; most of the sur-
face is bedrock. In these areas, it is very difficult
in many cases to distinguish between glacial
and decalcification deposits, as there are not
outcrops to observe their characteristics and
they do not have a morainic morphology.

In the central parts, however, ice margins
were sometimes registered by elongate depres-
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sions formed by karstification by meltwater.
These depressions, transverse to the ice-flow
direction, usually are convex down-glacier.
They originated during the glacier retreat,
when large volumes of melwater were flowing
from the outer margins of the ice. A relation
between end moraines and elongated depres-
sions, both produced in ice-marginal areas, can
be seen in a zone located north of Llorosos,
north of C.N.P.: two end moraines continue la-
terally with rock thresholds that bound depres-
sions (Fig. 11).

Glacial features are identified in most of
C.N.P. except in the lower areas of the North
Zone. It is not possible, however, to establish
accurately the outer limits of glaciation because
of significant post-glacial modification of gla-
cial landforms. In particular, karst processes ha-
ve caused solution of glacial erosional land-
forms. There is good preservation of moraines,
although till textures have been modified by
karstification, at least near the surface.

Fig. 7.— Refuge of Vegarredonda and Cebolleda area. Most of the uplands of this massif are devoid of deposits. Glacial cir-
ques and valleys are generally well preserved, as the one of Cebolleda in the North Zone.
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PERIGLACIAL GEOMORPHOLOGY

After the disappearance of most Pleistocene
glaciers on the Iberian Peninsula, there was a
cold dry phase. This phase, dated by Marti and
Serrat (1990) in the Spanish Pyrenees between
13000 and 10000 years BP, was characterized
by the formation of rock glaciers. These are wi-
dely distributed in the Cantabrian Cordillera,
but there are also other periglacial forms such as
protalus ramparts, solifluction tongues and pat-
terned ground.

Periglacial forms are not common in C.N.P.
There are, however, some nivation hollows, si-
milar to dolines, although they are not complete
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closed depressions. In spite of the high altitudes
of this massif, detritus volume covering rock
surfaces is small. These relatively massive li-
mestones are not prone to frost weathering.

In the upper areas, protalus ramparts are re-
latively common. They possess S to SW as-
pects. Although these orientations may not seem
favorable, they are subject to high insolation du-
ring the day and have strong temperature varia-
tions. This fact as well as water availability fa-
vor the rock fall from the cliffs that feeds prota-
lus ramparts. Cliffs with N to NE aspects, with
small thermal variations, have a smaller number
of freeze-thaw cycles, and therefore generally
produced less colluvium.

Fig. 8.— Aerial view of the area around the lakes. In the foreground are Enol Lake and the U-shaped Enol valley. Well deve-
loped terminal moraines of Ercina Lake (this one partially hidden) were affected in its eastern part by mining acti-
vity. The highest peak with snow is Llorosos (1,792 m). Half between Ercina lake and Llorosos the lateral moraines
of Belbin (Photograph by L. Montoto).
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(For legend see fig. 6).

Fig. 10.— View to the east of the lateral moraines of Belbin (Llorosos in the back, to the left). The western moraine obtura-

ted the area now occupied by the sheep-fold of Belbin, an important pasture zone.
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Rock glaciers were not formed in the Maci-
zo Occidental, although the landscape of the
areas that were not buried by ice was rough af-
ter deglaciation. However, they are frequent in
other siliciclastic areas of the Cantabrian Cordi-
llera, even in nearby zones (Alonso, 1989,
1992), as in the Gildar zone, located to the south
of C.N.P. The Gildar, with lower altitudes but a
siliciclastic susbtrate, has rock glaciers above
1400 m.

Solifluction processes, affecting the Stepha-
nian clastic materials, occur near the lakes at
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1200 m and in Cuba (SE Zone) at 1750 m. The-
se deposits form tongues up to 200 m long, on
slopes with a north aspect and gradients up to
50°.

There is evidence of present periglacial acti-
vity at altitudes above 1500 m, shown by small
scale features. In the Frade proximity, there are
terracettes of Luzula caespitosa and Festuca es-
quia on the same substrate that developed soli-
fluction tongues. There are also terracettes of
Carex sempervirens on glacier deposits in the
higher areas and of Carex sempervirens and

Fig. 11.— Relationship between end moraines and rock thresholds in the area of Llorosos, north of C.N.P. (For legend see fig.

6).
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Anthyllis vulneraria in calcareous talus slopes.
In areas exposed to wind action at 2200 m, the-
re are stone steps formed by wind erosion simi-
lar to those described by Holtmeier (1978) in
the Colorado Front Range. According to Troll
(1973), these periglacial forms can be formed at
altitudes above 2400 m in the Pyrenees and abo-
ve 2000 m in central Spain.

POSTGLACIAL FEATURES

Besides glacial and periglacial deposits, at
high elevations in C.N.P. there are accumula-
tions of large rock fragments (up to 4 m in size),
of irregular shape, located below cliffs. As the-
se accumulations are in some cases at some dis-
tance from the bases of the slopes, they could be
confused with protalus ramparts. They are inter-
preted as rockfalls that occurred after deglacia-
tion, probably caused by reduction in lateral
support when the ice melted.

In C.N.P, detrital accumulations at the foot
of cliffs, such as talus slopes and debris cones,
usually devoid of vegetation, are frequently cut
by channels. The detrital accumulations are at
elevations between 1100 and 2100 m, and the
heads of the channels, excavated in the cliffs,
extend up to 2150 m. Through the channels,
their positions controlled by fractures, debris
from the cliffs or from Quaternary unconsolida-
ted deposits, is transported by mass wasting and
torrential activity to more stable positions, rea-
ching in some cases the fluvial net. This type of
process is more frequent in the SE, S, and SW
Zones, with higher reliefs in short distances.

DISCUSSION AND CONCLUSIONS

The geomorphological analysis of this
calcareous deglaciated area in the Cantabrian
Cordillera has shown some differences in the
development and preservation of glacial and pe-
riglacial features, compared with nearby areas
with siliciclastic bedrock.

The glacial landscape, more complex than
one formed on siliclastic bedrock, has been par-
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tially modified by postglacial karstification. The
strong structural control on the erosional glacial
forms in this area can be attributed to the relati-
vely massive substratum. This relation between
fracturing and karstic and glacial features has
been found also in the Pyrences (Garcia Co-
drén, 1983) and in the Canadian Rockies
(Smart, 1983).

Moraines are better preserved than in other
areas, probably due to the poor development of
the fluvial net; in siliciclastic zones fluvial ero-
sion has contributed to their erosion. The volu-
me of moraines, however, considering the size
of the glaciers that originated them, is very
small. This lack of glacial deposits in C.N.P. can
be explained by the fact that only some arétes
and peaks, sources for supraglacial debris, were
above the ice in the upper areas (Fig. 5). On the
other hand, materials transported at the glacier
bed could have been partially introduced into
caverns. According to the observations of Smart
(1984) for the Macizo Oriental, caverns had al-
ready formed before glaciation. Also Walder
and Hallet (1979) and Hallet and Anderson
(1980) point to the scarce till on recently calca-
reous deglaciated zones.

Few periglacial landforms were produced in
the areas with Carboniferous limestones. There
are very few protalus ramparts, and solifluction
processes are limited mainly to detrital forma-
tions. Rock glaciers were not recognized in the-
se limestones, although they are present in the
Gildar Mountains. In the Cantabrian Cordillera
the only known rock glaciers formed of calcare-
ous debris are adjacent to outcrops of limesto-
nes of Devonian age (Santa Lucia Formation).

Rockfalls, but not rotational slides that, in
general, are more frequent elsewhere in this
Cordillera, contributed to slope stabilization af-
ter deglaciation. As pointed out by Gardner
(1982) and Gardner et al. (1983) postglacial slo-
pe stability can be reached not only by slides,
but also by the fall of large blocks. At least so-
me of the rockfalls in C.N.P. are contemporary
with the formation of antislope scarps characte-
ristic of ridge crests with siliciclastic substratum
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that, according to Alonso and Corte (1992), are
the heads of rotational slides. An increase of
Joints parallel to the surface, in some of the de-
glaciated areas, could be interpreted as a minor
effect of the postglacial relaxation. Joints para-
llel to a cliff face were also found in Castle-
guard, Canadian Rockies (C.C. Smart, 1991,
pers. comm.).

Channels cuting talus slopes and debris cones
are also characteristic of calcareous terrains. The-
se type of channels and associated deposits, also
quite frequent in the French Alps (Van Steijn,
1988 and Van Steijn et al., 1988), were related by
those authors to the heavy rains that fall during
the summer. In this area, as Gardner (1986) pro-
posed for the Canadian Rockies, water forming
these ephemeral streams can be provided by
snowmelt in spring and by rainstorms during
summer. There are very few climatological data
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for Picos de Europa, but highest precipitation va-
lues from 1980 recorded in Valdeén were 4.41
mm/h for a period of 24 hours, and 5.78 mm/h
for 8 hours. Using the formula of Caine (1980)
these intensities are very close to the minimal th-
reshold to produce surficial slope instability.

Gilacial and periglacial landforms have been
modified by karst and fluvial processes and pre-
sent periglacial activity. Karstification has pro-
duced different types of karren forms on degla-
ciated surfaces and glacial deposits have chan-
ged their original textures due to solution and
precipitation processes. Intermittent fluvial acti-
vity provoked by heavy rains and snowmelt is
locally eroding glacial and slope deposits. In the
uplands there are periglacial processes, affec-
ting mainly surficial materials over 1750 m,
where terracettes are forming on calcareous and
siliceous soils.
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