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Introduction 

There is a great variety of localities suitable of being 
qualified as a patrimonial site. The diversity of con
tents and the different protection criteria leads to the 
existence of a great variety of legal regulations. The 
geological heritage is commonly included in the leg
islation that refers to natural spaces. However, due to 
its singular nature and to the fact that it often embod
ies gauges of the geological history, the geological 
heritage has some similarities with the historical-cul
tural heritage. As a first approach, most of the pro
tected spaces includes, in different proportions, bio
logical, geological and historical-cultural elements. 
The degree of participation of each component may 
be qualitatively depicted using a triangular diagram 
(Fig. I), with the historical-cultural (HC), biological 
(B) and geological (G) components located at its ver
texes. This kind of diagram allows the location of the 
essentials of a particular site and the relative impor
tance of each component. It should be noted that, 
while punctual sites plot close to the sides or to the 
vertexes of the triangle, wider sites embracing a di
versity of elements tend to plot towards the inner 
part. This approach contributes to get a whole dimen
sion view in catalogue actions and, therefore, it also 
contributes to give to each site its proper legal regu
lation. The geological component, although recog
nized in many cases, it has been commonly consid
ered as a landscape element or as the mere ground 
which supports the biosphere. In this context, there is 
the necessity of revaluation of the geological heri
tage and of recognizing all its features. 

The Cap de Creus geological heritage 

Geological, biological and historical-cultural ele
ments converge on the Cap de Creus peninsula (NE 
Spain) to shape a site of great .Jandscape value. The 
strong personality of this site is mostly achieved 
from its geological configuration and from the Med
iterranean clime which is here extremely windy (tra
muntana), giving rise to many spectacular landforms 
and beautiful rocky coasts. 

From a strictly geological viewpoint, the rocks of 
the Cap de Creus form an exceptional record of the 
geological evolution, mainly because the abundance 
and quality of the outcrops. The Cap de Creus Penin
sula forms the easternmost outcrop of Hercynian 
basement exposed along the Pyrenean Axial Zone. 
Palaeozoic (and maybe some Precambrian) rocks 
display deformational structures and petrological -
mineralogical characters which are the result of the 
Hercynian orogenesis at mid-crustal levels (Fig. 2a). 
In this area, a metamorphic belt was wen developed, 
accompanied by ductile deformation, magmatism 
and local migmatization. The resulting metamorphic 
and magmatic rocks and, specially, the developed 
folds and shear zones constitute an exceptional set
ting recognized by the international scientific com
munity. Thus, the Cap de Creus area has become a 
reference key area for the study of deep-seated geo
logical processes. 

Although the Cap de Creus peninsula still remains 
as a relatively well preserved site, compared to 
neighbouring sites along the Catalan Costa Brava 
and other Mediterranean coasts, it has been submit-
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Fig. I. Tentative classification of protected spaces, with some examples. Location of each point has been established 
on the basis of comparative criteria 

ted, however, to a high and increasing tourist pres
sure during the last three decades. Thus, a readjust
ment of the territory management is required in order 
to compatibilize protection and development. The 
government of the autonomous region (Generalitat 
de Catalunya) wrote an act of protection of the Cap 
de Creus which has been recently approved at the 
Parlament de Catalunya. The geological heritage 
studies by the authors of this paper were of great in
fluence in the elaboration of the laws, and also 
played an important role in the demarcation of differ
ent zones of interest in the land scope (Fig. 2b). The 
following citation corresponds to the first paragraph 
of the mentioned protection act: 

( ... ) It is a first order natural site, fitted with a sin
gular geological configuration, and with outcrops 
that form an universally unique scene, fundamental 
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for the understanding of the geological evolution of 
ancient terrains ( ... ) 

In this context, the Cap de Creus park, once estab
lished, might become a reference area in geological 
heritage, deserving of being included in world heri
tage lists. 

Main trends 
the Cap de Creus geology 

The Cap de Creus Peninsula (NE Spain) constitutes 
the easternmost outcrops of the Pyrenean Axial 
Zone. The eastern pan of this Axial Zone consist on 
deep seated rocks displaying the effects of the Her
cynian orogeny and it forms the basement of the Al
pine and Tertiary sedimentary piles affected by the 



HISTORICAL·CUL TURAL 

HC 
Cesky Krumlov 

Messel Pit 
Fossil Site Doiiana 

·~~..,. ...... _.....,"'""''II ......... _ _....., ____ ,.._~~Everglades 

>. .... 
"' Q) ~ 0 
Q) c 
.... 1'0 
:;) ~ 

"' 0 (..) > 
(I) : : 

'c ~ 
1'0 "' (3I 

~Grand Canyon 
.!!! Bryce Canyon 
c 

~ 
i= 

8 BIOLOGICAL 

Fig. 2. (a) Geological map of the Cap de Creus peninsula. (b) Map of protection areas (land scopes) in the Cap 
de Creus Natural Park according to the act of protection approved by the Parlament de Catalunya 

Alpine orogenesis. The post-Hercynian and post-Al
pine exhumation have made possible that these rocks 
recording geological events occurred at mid crustal 
levels outcrop now, developing a singular coastal 
landscape resulting from the interaction of the geo
logical constitution and the erosive action of water 
and wind. 

The Palaeozoic rocks 

Among the rocks forming the vast majority of the 
Peninsula two main groups of lithologies can be dis
tinguished (Fig. 2a). 

1) The metasedimentary sequences consisting of 
lower Palaeozoic (and Precambrian?) sedimentary 
rocks including some interbeded magmatic rocks, 
transformed all into schists during the Hercynian 
events. In domains of medium to high grade meta
morphism, these rocks are intruded by a pegmatite 
dyke swarm and locally are associated with mig
mates. 

2) Hercynian granitoid intrusives form the Rodes 
and Roses massifs. These granitoids appear hetero
geneously gneissified by the effects of Hercynian 
deformation. 

The effects of Hercynian orogeny 

The described rocks recorded the effects of the Her
cynian orogeny with development of foliations, folds 
(Fig. 3b) and shear zones (Fig. 3f) as the results of 
successive and overprinting deformational events. 
These tectonic events are associated with metamor
phism and with episodic magmatism. Three main 
tectonic episodes are recognizable, the second of 
which is penecontemporaneous with the metamor
phic peak. The third tectonic event developed folds 
as well as mylonite bands associated with ductile 
shear zones. During these tectonic events the em
placement of the pegmatite dike swarm and of intru
sive granitoids took place (Fig. 3d). While pegma
tites and small intrusives of granitoids are restricted 
to medium-high metamorphic domains, the grano
diorite stocks were emplaced in shallower and lower 
grade metamorphic rocks. 

The present day arrangement causes that north
wards in the peninsula deeper rocks with increasely 
higher metamorphism degree occur. A well devel
oped metamorphic zonation from chlorite-muscovite 
zone until sillimanite - K-feldspar zone with local 
migmatites is well exposed. Higher grade rocks out-
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Fig. 3. Photographs from the Cap de Creus peninsula. (a) Aerial view of Cal a Bona (eastern coast), with many inlets and small capes 
controlled by geological structures affecting the schists: folds (center of the photograph) and shear zones. (b) Folded amphibolite 
layer (Culip, northern coast). (c) Erosive effects (taffonis) on a pegmatite body which has the popular name of "Es Carnell" (the Cam
el). (d) Aerial view of the Culip area in the northern coast. A pegmatite dyke swarm (in white) is inouded in medium-high grade 
schists. (e) Aerial view of the Roses-Canyelles area (year 1982) in the south-west of the Cap de Creus peninsula; notice the negative 
effects of tourism operation on the geological heritage. (f) Photograph of shear zones in Roses granodiorites; many other outcrops 
like this are threatened to disappear under new buildings 
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crop along the northern side of the peninsula giving 
rise to the most valuable rock exposure. Granitoids 
are located on the SW side of the peninsula, with a 
restricted proportion of the coast-line shaped in gran
ites (Figs 2a and 3e). 

Geomorphology and landscapes 

The landforms of the Cap de Creus peninsula are 
strongly influenced by the geology. The Axial Zone 
of the Pyrenees, made of basement rocks uplifted by 
the Alpine orogeny, corresponds now to the highest 
summits of the ridge. Highs of different massifs in 
the Axial Zone decrease gradually towards the Med
iterranean Sea, and also towards its western end on 
the Bay of Biscay. Thus, the Cap de Creus Peninsula, 
in spite of their moderate highs (670 m), can be re
garded as the penetration of the Pyrenean chain in the 
Mediterranean. On the other hand, the rocks forming 
the Cap de Creus Peninsula belong to the Hercynian 
basement and thus acquired their structural features 
during this older orogenic event. Consequently, the 
morphology of the area, specially the hydrographic 
system and the shape and trace of the coastline, are 
both strongly influenced by the lithology and by the 
structural align111ents (Fig. 3a). Deep ravines and nar
row creeks along the coast are excavated following 
the NW -SE trending shear zones. Coastal cliffs de
velop where thick beds of marbles reach the seashore 
and small promontories form where more resistant 
pegmatite dykes were emplaced. Third, but not less 
significant, is the effect of eolic erosion caused by 
the persistent north wind called Tramuntana. Along 
the north facing coast of the Peninsula, this interac
tion of rocks and their structures with erosion by the 
combined effect of water and wind is best apprecia
ble. It is there where the most spectacular landscapes 
appear building a rocky scenery where erosion of 
dark schists and light coloured sticking out bodies of 
pegmatites give rise to freakish shapes (Fig. 3c, d). 

Procedure for the demarcation 
of geosites in the Cap de Creus 

The first step consisted in listing the sites of geolog
ical interest, i.e. making an inventory of geotopes. 
The classification of different geotopes was made 
according to different criteria as well as their loca
tion in different maps. In the case of the Cap de 
Creus, the geological heritage was mainly depicted 
using the following tools: 

- maps and lists of geotopes, with special reference 
to their peculiarities and degree of interest 

- thematic maps including the location of general 
geosites (from local geotopes to wider areas of geo
logical interest) on the basis of several geological 

criteria (stratigraphical, structural, petrological, min
eralogical, geomorphological, etc.) 

-maps of geological-physiographical (landscape) 
domains 

- maps and lists of negative impact zones and 
zones of potential endangerment, with reference to 
their nature 

- synthesis maps which integrate areas with differ
ent degrees of interest with areas of required protec
tion, taking into account other natural and cultural 
heritages. 

Threats and problems affecting 
the Cap de Creus geological heritage 

The most important problems which directly affects 
the conservation of the Cap de Creus geological her
itage concern: 

-the already established tourist activity, with some 
negative habits that should be modified through an 
environmental education plan 

- the requalification of this space as a natural park 
will increase tourism pressure and, consequently, 
may also increase urbanization in the vicinities of the 
park boundaries, endangering the integrity of the site 

- another problem concerns the property of the 
lands, since most of the territory belongs to private 
hands, with the consequent threat of economic 
claims taking precedence over any protection inter
est. A private vacation spot (Club Med) is at present 
located in the core of the zone with highest protec
tion. The Club, however, is contemplated by the reg
ulation laws as an enclave 

- Although the geological studies played an impor
tant role in the demarcation of the final Natural Park, 
some sites of geological interest, such as the Roses 
outcrops (Fig. 3e, f), have been excluded from the 
park because they are located in urbanization zones. 

Adequate regulations and management accompa
nied with properly financial support are primary req
uisites to face these problems and save this unique 
geological heritage. 

Conclusions 

The Cap de Creus peninsula is a site of great natural 
and cultural value where the geological heritage occu
pies a fundamental position. Conservation of the area 
requires a proper regulation and management strategy 
in order to protect the site from damage, especially 
from those threats caused by tourist activity. The geo
logical landscapes, together with scientific and educa
tional values, justify the outstanding universal impor
tance of the Cap de Creus, being a very deserving can
didate for the lists of world heritage sites. 
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