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Worldwide strategies to protect geodiversity require a 
previous inventory of the elements comprising the 
International Geological Heritage. Co-sponsored by 
UNESCO, the IUGS has been promoting for the last ten 
years an ambitious global initiative to undertake this 
inventory: the Global Geosites project (Wimbledon, 
1996).

Geological heritage can be defined as the set of geo-
logical resources with scientific, cultural and/or edu-
cational value (geological formations and structures, 
landscapes, minerals, rocks, fossils, soils, etc) which 
allow to know, study and interpret the geological his-
tory of the Earth, the processes which have modeled 
it, past and present climates and landscapes, as well as 
the origin and evolution of life on this planet.

It is easy to understand the difficulty of setting a world 
inventory of the most outstanding elements of our 
planet’s geological heritage, taking into account the 
complexity of the Earth’s geological record and the 
great diversity of lithologies, events, paleoenviron-
ments, etc., recorded during geological times through-
out the world.

The success of the Global Geosites project lied on the 
design of a working method which was not directly 
oriented towards the selection of sites of geological 
interest. Instead, the project set out a preliminary 
step: choosing several geological frameworks for each 
country based on their special significance within 
the global geological record and, for each of these 
frameworks, selecting the most representative and 
illustrative sites of interest (Wimbledon  et al., 2000). 
This key concept of framework refers to a regional 
geological element, tectonic, metalogenic or any kind 
of event, stratigraphic series, paleobiological associa-
tion etc. Hence, sites of geological interest or “geo-
sites” are not selected isolated from their context, but 
within a geological framework previously chosen for 
its international significance. The selection of sites of 
geological interest is guided by and based on their sig-
nificance within the particular geological framework 
under consideration.

The Geological Survey of Spain (IGME) was pro-
posed by the Geological Society of Spain (SGE), the 
Spanish Society for the Defense of Geological and 
Mining Heritage (SEDPGyM), the Spanish Society of 
Environmental Geology and Urban Planning (SEGAOT), 
as well as by experts in geological heritage (Cendrero, 
1996), as leading coordinator for the implementation 
of the Global Geosites Project. Undoubtedly, this task 
assignment acknowledged the role played by IGME in 
this field. Apart from the current scientific contribution 
to the project Global Geosites and to the study and 
conservation of geological heritage of the Earth, IGME 
has been carrying out a National Inventory of Sites of 
Geological Interest since 1978, still ongoing, with the 
purpose of improving knowledge and respect towards 
nature, and of increasing the level of research about 
Spanish geodiversity and its conservation, similarly to 
other nearby countries.

In September 2007, the Geological Survey of Spain 
(IGME) finished the Global Geosites Project, con-
sisting of the selection and characterization of the 
Spanish geological frameworks of international rel-
evance and the search and description of the most 
representative sites of geological interest. These geo-
sites are the Spanish candidates to the list of sites of 
geological interest with international relevance (i.e., 
global geosites).

The project followed the methodology agreed upon 
by IUGS and UNESCO, and developed by Wimbledon 
(1996) within the European Association for the 
Conservation of the Geological Heritage (ProGEO). In 
accordance with this methodology, the actions carried 
out in this project, which started in 2000, can be sum-
marized in the three steps as follows:

1st Preliminary identification and characteriza-
tion of the geological frameworks with higher 
international significance. A multidisciplinary 
working group with eight experts from the IGME 
was established to create a first preliminary list of 
internationally relevant Spanish geological frame-
works. In 2000, this group proposed a first list 
comprising 18 frameworks. To ensure maximum 
national consensus, the proposal was sent, as a 
poll, to every university geology, mining and engi-
neering department, as well as to public research 
institutes and scientific societies related to the Earth 
Sciences. A total of 55 institutions were consulted. 
Almost a third of them provided feedback by means 
of remarks and suggestions formulated by approxi-
mately 6% of the professors and scientists included 
in those institutions. With these answers, which 
revised and broadened the first list, the work group 
from the IGME prepared the final list of 20 Spanish 
geological frameworks of international relevance, 
understanding that, if needed, the inventory is open 
to future additions (García-Cortés et al., 2001).

2nd description of the selected frameworks and 
arguments supporting their international 
relevance. Beginning in 2001, the work group 
of IGME invited a total of 40 experts from eleven 
Spanish universities and six institutions in the field 
of geology and paleontology. Together with spe-
cialists from the IGME, this team dealt in depth 
with the characterization and description of the 
geological frameworks defined in the first stage, 
and provided arguments in support of the global 
importance of each framework. After this work, the 
20 frameworks were finally named Iberian Variscan 
Orogen, Lower and Middle Paleozoic stratigraphic 
successions, Carboniferous of the Cantabrian Zone, 
Iberian Pyrite Belt, mercury mineralization in the 
Almadén region, Mesozoic series of the Betic and 
Iberian ranges, lead-zinc and iron mineralizations 
in the Urgonian of the Vasque-Cantabrian Basin, 
Cretaceous continental fossils and ichnofossils, 
Cretaceous-Tertiary (K/T) boundary, South Pyrenean 
synorogenic basins, olistostrome units of the Betic 
foreland, Miocene extension in the Alborán domain, 
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Neogene ultrapotassic volcanism, volcanic edifices 
and morphologies of the Canary Islands, Messinian 
evaporite episodes, continental Tertiary basins 
and associated deposits of Aragón and Cataluña, 
vertebrate deposits of the Spanish Pliocene and 
Pleistocene, fluvial network, Raña deposits and 
Appalachian landscape of the Iberian Massif, low 
coastlines of the Iberian Peninsula, and carbonate 
and evaporite karst systems of the Iberian Peninsula 
and the Balearic Islands.

3rd Selection and description of the sites of geo-
logical interest (geosites) representative of 
each framework. To conclude, these same spe-
cialists selected and described the sites of geologi-
cal interest better representing these 20 geological 
frameworks. The data have been stored in a specific 
database, complying with the requirements of the 
Global Geosites international project. A total of 144 
sites of geological interest from all Spanish regions 
have been proposed which will be the Spanish can-
didates to appear in the international list of Global 
Geosites making up the world’s geological heritage. 

In the near future, and according to the methodology 
of the international project, the last stage should be 
tackled in collaboration with foreign working groups, 
to undertake the comparison by international experts 
of the interest and value of the sites of geological 
interest defined in the previous stage, and to make 
the final selection of those sites which should appear 
in the final list of sites of geological interest of inter-
national relevance. This last stage will be undertaken 
in conjunction with the proposals of geological frame-
works developed by neighboring countries.

Given the privileged situation of the Iberian Peninsula 
in relation to the dynamics of the Earth’s crust (litho-

sphere) and its rich and varied geological constitution 
(Figure 1), it is not strange that the resulting geodi-
versity provides a great number of geological frame-
works of international relevance. Together with the 
profusion of good outcrops, this allows the selection 
of truly representative sites of geological interest. All 
of them are mentioned in this book, including a brief 
description of the features characterizing the Spanish 
proposal to the Global Geosites international project.

During the last 4,500 million years (My for time inter-
val), the Earth has evolved from its origin and initial 
warming, going through two differentiation stages, 
into a dynamic of great horizontal mobility in the 
upper levels with the creation of oceanic crust. This 
short synthesis of the Earth’s evolution, albeit under-
standable by a geologist, contributes nothing or little 
to the knowledge and education of the public about 
geological history. The data to understand and explain 
this evolution are found in the Earth’s rocks, in their 
distribution, and in the resulting landforms and struc-
tures present on the Earth as determined by endog-
enous and surface processes.

In order to understand the significance of geological 
processes and to assess their results, it is necessary to 
understand that the Universe was formed 15,000 mil-
lion years ago (Ma for the moment in time), the Earth 
is 4,500 Ma old, the oldest known rocks date back to 
3,800 Ma, the first living single-cell organisms without 
nucleus (prokaryotes) are 3,500 Ma, eukaryotes (multi-
cellular organisms with nucleus) are 1,800 Ma, the first 
animals appeared 600 Ma ago, the first hominids 7 Ma 
ago, and modern man is hardly 50,000 years old.

The need to preserve geological heritage lies precisely 
in the fact that it records the processes occurred during 
the last 4,500 My. Knowledge about these processes 

Figure 1. Map of geological units of the Iberian Peninsula and the Balearic Islands as proposed by Vera  et al. (2004).



is essential to search and find the causes and conse-
quences of the evolution of continents and oceans, of 
catastrophic natural disasters, of climate changes, and 
of the origin of life and its later evolution. Together 
with this scientific value, its educational use helps the 
layman in the street increase knowledge about the 
importance and significance of all these aspects, and 
is the best guarantee of respect towards geological 
heritage and its conservation for future generations.

The Global Geosites Project was developed in Spain 
during the last eight years by the IGME in collabora-
tion with an abundant group of experts from the most 
diverse Spanish scientific institutions, both universities 
and public institutions, as well as other organizations 
related with Earth sciences and technologies. The 
results of the project can be consulted in their entirety 
at the Documentation Centre of the IGME. The aim of 
this book is to summarize these results without tak-
ing much of their content away. Its intention is not to 
educate the general public about the most appealing 
and interesting contributions of the project (for which 
more appropriate material will be published), but to 
summarize the results included in the project’s final 
report in an attractive way for the amateur geologist.

The structure of the book follows the order set by 
Earth’s geological evolution, using images and reports 
corresponding to some of the most relevant events and 
processes recorded in the Spanish territory. The the-
matic organization is based on the chronology of the 
selected geological events, and on the significance and 
importance of the stratigraphical, geomorphological, 
paleontological, tectonic or mining character for each 
of the studied frameworks. Each one of them includes 
a general description and its geological significance, 
together with a brief presentation of the most relevant 
sites of geological interest chosen as examples.

The first chapters are comprised in the time interval of 
the Paleozoic (between 650 and 250 Ma). The first one 
will help know the tectonic processes which deformed 
the Paleozoic rocks to originate the Iberian Massif, 
the main geological structure of the Iberian Peninsula 
(Figure 2). The two following chapters show the 
importance and significance of the Lower and Middle 
Paleozoic, and Carboniferous stratigraphic successions, 
respectively, while the next two chapters relate endog-
enous processes with the world’s two largest metallic 
ore concentrations of massive sulphides (Iberian Pyrite 
Belt, Figure 3) and of mercury (Almadén Mine).

The next four chapters include the Mesozoic times, 
from the most relevant litho- and biostratigraphi-
cal features of the Betic and Iberian Ranges, to the 
importance of the Urgonian mineralization (Middle 
Cretaceous) of the Cantabrian Range, to the signifi-
cance of the continental fossils and ichnofossils (from 
insects to dinosaurs) of the Cretaceous, reaching the 
characterization of the Cretaceous-Tertiary boundary 
(also known as KTB), which records one of the big-
gest biological extinctions in the history of the planet 
around 65 Ma ago.

The following two chapters are related with Alpine 
tectonism and correspond to the evolution and sig-
nificance of the South Pyrenean synorogenic basins, 
when the Pyrenees were being formed, and to the 
description and interpretation of the olistostromic 
units of the Betic foreland as an example of big sub-
marine slides. The next section shows the conver-
gence regime of the European and African plates in 
the Alborán domain (Figure 4), from the Miocene 
(around 25 Ma) to present day.

Next, two chapters refer to world-known volcanic pro-
cesses and their results. The first corresponds to the 
Canary Islands (Figure 5), generated by successive sub-
marine eruptions which started 70 Ma ago, and contin-
ued as sub-aerial during the last 25 My, since the first 
island (Fuerteventura) emerged over sea level. In the 
other chapter, rare volcanic potassic and ultrapotassic 
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Figure 2, above. Folds developed in the quartzite beds 
of the Orea Formation, visible along the road east of 
Checa, Guadalajara (photo by J.C. Gutiérrez Marco). 
 
Figure 3, below. Atalaya open pit, Riotinto Mines 
(Huelva).



rocks are presented within the framework of the evolu-
tion of the Betic Ranges, during the Middle and Upper 
Miocene (between 15 and 5 Ma).

The following chapter shows the Mediterranean salinity 
crisis in the Messinian (Upper Miocene), the most dra-
matic geological event in the last 20 My (Figure 6).

The next two chapters deal with fossil vertebrate 
deposits as important links within the evolutionary 
chain of mammals in the sedimentary record leading 
to the human species. The first of them comprises 
the main Tertiary sedimentary basins in the Iberian 
Peninsula, and the second one the later evolution 
from the Pliocene and into the Quaternary.

Finally, the last three chapters display the long and 
continuous action of surface geological processes 
to shape landscapes (Figure 7): from the origin and 
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Figure 4, above. Nigüelas fault (Granada), a typical 
structure resulting from Miocene extension in the 
Alborán Domain. 
 
Figure 5, right. Teide Peak (Tenerife, Canary Islands). 
 
Figure 6,  below right. Palisade-shaped 
macrocrystalline gypsum, Sorbas evaporite basin, 
Almería (photo by J.M. Calaforra). 



evolution of the Iberian Peninsula fluvial network, 
through the significance of the Spanish coastal low-
lands modeled by the sea, to the development of 
different karst systems which have shaped odd forms 
in the landscape (Figure 8).

Last but not least, the appendix presents a list of the 
144 sites of geological interest (Geosites) representa-
tive of the aforementioned geological frameworks, 
which thus become part of the Spanish proposal of 
sites of geological interest of international relevance 
(Global Geosites).

This book pretends to serve as a prompt and effec-
tive instrument oriented to a wide group of scholars 
and people interested in the Earth Sciences, whether 
professionals or not. Its goal is the approach to 
some selected examples amongst the many sites of 
geological interest present in Spain. In this way, the 
reader should be able to visualize, or even better, visit 
them, understand the importance of the geological 
processes, and enjoy the most diverse natural heritage 
of mankind: the geological heritage.
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Figure 7, above. Digital elevation model showing the 
structurally-dependent Appalachian relief of the 
Toledo Mountains.

Figure 8, below. Surface karst erosional features at 
Torcal de Antequera, in the province of Málaga  
(photo by P.A. Ruíz Ortiz).
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