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PrólogoPrologue

This book  rounds off the publications that have come
from the III International Symposium ProGEO on the Conservation
of the Geological Heritage, held in Madrid in November of
1999, and organized by the Geological Survey of Spain (ITGE),
the European Association for the Conservation of Geological
Heritage (ProGEO) and the Geological Society of Spain (SGE),
under the auspices of the International Union of Geological
Sciences (IUGS). 

The conference gathered 180 participating members from
35 different countries, who presented more than 90
communications and 11 invited lectures; the event turned
out to be a suitable setting for the exchange of knowledge
and experiences, as well as a forum for debate from a real
and global perspective, facing and discussing all aspects of
the protection and conservation of  our geological heritage.

At a point close to the beginning of a new millennium,
the geoconservation community is evolving, passing from
discussions about which geological elements are worthy of
conservation towards considering how they should be protected
in the framework of modern strategies for sustainable development.
It is now that geological heritage planning and management
may become a truly important integrated part of  natural
heritage conservation, capable of many and diverse uses: scientific,
educational and training, touristic and recreational.

Therefore, with the aim of discussing all aspects of the
conservation and management of our geoheritage, the symposium
was arranged in six thematic sessions. These thematic sessions
were the following: legislation, planning and management
for geoconservation; inventory and cataloguing of the geological
heritage; the geological heritage in the framework of the
integrated management of protected areas; educational and
interpretative activities; geological heritage and tourism; and
experiences in geoconservation in southern and south-western
Europe. Each of these sessions was initiated with the presentation
of one or more keynote lectures, given by experts on the
topic.

This book collects the papers which reflect the content of
the lectures from each thematic session of the symposium;
these are presented along with their conclusions, which are
a result of the development  the debates which followed each
of the sessions. Finally, a specific chapter contains the Declaration
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of Madrid, unanimously approved in the plenary session of
the Symposium.

This volume completes the published products of the
symposium, and it is the third of a set in which the following
titles have previously appeared:

– Towards the Balanced Management and Conservation of
the Geological Heritage in the New Millennium, (Eds: D.
Barettino, M. Vallejo and E. Gallego), 1999, edited by
the Geological Society of Spain (SGE), a collection of
the communications given in the Symposium.

– The Geological and Palaeontological Heritage of Central
and Eastern Iberia (Iberian Range, Spain), (Eds: G. Meléndez
and C. Soria-Llop), 1999, edited by the University of
Zaragoza— the guide for the two symposium field trips.

This extensive literature is a good indicator of the noteworthy
success of this international conference, both in the matter
of participation and in the great interest felt in the growing
geoconservationist community. We believe that these books
constitute an invaluable and basic tool for the formulation of
initiatives directed towards the conservation and management
of our geological heritage in the new millenium-to-come. We
also believe that they will be very useful from all points of
view, from that of the citizen interested in geoheritage conservation
to that of organizations in charge of  Nature Conservation.

Finally, it is our intention to acknowledge the support of
the sponsoring and collaborating organizations of the symposium:
without their help this event would not have been possible.
Specifically, we are very grateful for the support of the Geological
Survey of Spain (ITGE) in the year of its 150th anniversary,
and also of the ENRESA Foundation, for the publication of
this volume.

D. Barettino, W.A.P. Wimbledon & E. Gallego



INTRODUCTION

The global network of more than 30,000 protected areas covering an equivalent of
almost 9% of the world’s land area (Green and Paine 1997) encompasses a very
substantial representation of the Earth’s geological heritage. Indeed, geological
features are among the most familiar icons associated with protected areas. The
world’s first designated national park, at Yellowstone in the USA, is focused on
geothermal phenomena, as is the first such park in Canada, at Banff, while in New
Zealand the first national park, Tongariro, protects a spectacular volcanic landscape.
Geological features and sites may be incorporated in parks either indirectly as a
component of broader landscape or biodiversity protection, or specifically for their
intrinsic character and scientific merits. 

Protected areas take many forms and are designated under a multitude of terms
(Green and Paine record almost 1,400) in accordance with the practice of their
administering authorities. Underpinning this complex system of protected areas is a
similar diversity of statutory provisions and associated policies, established at various
administrative levels within countries, complemented by several international legal
instruments. This paper discusses aspects of these legal and policy developments as
they affect the protection of geological heritage in the context of nature
conservation. Examination of reviews of national and international experience in
geological conservation (e.g. Dixon 1996; O’Halloran et al. 1994) reveals several
emerging patterns and trends in respect of legal and policy developments, which
form the framework for the discussion that follows.

THE VITAL ROLE OF PROTECTED AREAS IN GEOLOGICAL CONSERVATION

The long-term protection of geological sites is best achieved where they are managed
within legally protected areas. The IUCN World Commission on Protected Areas
defines protected areas as:

“An area of land and/or sea especially dedicated to the protection and
maintenance of biological diversity, and of natural and associated cultural
resources, and managed through legal or other effective means (IUCN 1994)”.
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In practice, protected areas are managed under many titles and for a wide variety of
purposes, ranging from strict protection to sustainable uses of resources from natural
ecosystems, and including scientific, educational, recreation, tourist and other social
and economic objectives.

To address this diversity of approach, IUCN has developed a classification of protected
areas based on primary management objectives (IUCN 1994). Six management
categories are recognised, viz:

I Strict protection mainly for science or wilderness protection (Nature
Reserve, Wilderness Area).

II Ecosystem conservation and recreation (National Park).

III Conservation of specific natural features (Natural Monument).

IV Conservation through active management intervention (Habitat/Species
Management Area).

V Landscape/Seascape conservation and recreation (Protected
Landscape/Seascape).

VI Sustainable use of natural ecosystems (Managed Resource Protected Area).

These categories are not ranked according to their importance or relevance for
conservation, nor do they rate management effectiveness. Rather, they imply a
gradation of human intervention, from effectively none in Category I areas to
substantial in Category V and VI areas. This categorisation of protected areas serves
not only to reveal the breadth of their management objectives, it also provides a
common international standard for comparative purposes and to facilitate
accounting and monitoring at national and international levels.

Countries are encouraged to develop national protected area systems taking account
of key principles for representativeness, comprehensiveness and balance, among
others, in the overall system, and guided by the protected area classification scheme
(Davey, 1998). Protection of geological sites may be, and indeed is, achieved within
any of the categories of protected area, but is probably best served by Categories I to
III. Categories IV to VI are suited to the protection of physical landscapes or seascapes,
and regional landforms.

The guidelines and selection criteria for protected area categories give ample scope
for addressing the specific needs of geological protection. Thus, Strict Nature
Reserves are defined as (emphasis added):

“Areas of land and/or sea possessing some outstanding or representative ecosystems,
geological or physiological features and/or species, available primarily for
scientific research and/or environmental monitoring”.

Their objectives are specified as:
16



• preserve habitats, ecosystems and species
• maintain genetic resources
• maintain ecological processes
• safeguard structural landscape features or rock exposures
• secure examples of natural environment for scientific studies, environmental

monitoring and education
• minimise disturbance
• limit public access

In the case of Natural Monuments, they are defined as:

“Areas containing one or more specific natural or natural/cultural feature
which is of outstanding or unique value because of its inherent rarity,
representative or aesthetic qualities or cultural significance”.

Further, a Natural Monument should:

“contain one or more features of outstanding significance (appropriate natural
features include spectacular waterfalls, caves, craters, fossil beds, sand
dunes and marine features, along with unique or representative fauna and
flora; associated cultural features might include cave dwellings, cliff top forts,
archaeological sites, or natural sites which have heritage significance to
indigenous peoples”.

By 1997, when the last comprehensive review was undertaken (Green and Paine,
1997; IUCN, 1998), the world network of 30,350 protected areas covered a total of
13.2 million km2, or equivalent to 8.8% of the world’s land area. The majority of
protected areas (59%) were less than 1,000 ha in size, while the relatively few (6%)
of areas greater than 1,000 km2 in size made up 87% of the total extent of the
network. Areas in Categories I to III comprised 35% of the total number of protected
areas, covering 45% of the overall global network.

UNEVEN LEGAL RECOGNITION FOR GEOLOGICAL PROTECTION

Within the plethora of conservation legislation available for protected areas there are
few provisions which make direct reference to the protection of geological heritage.
Geological features and landscapes are usually implicit only, and subsumed under
terms such as natural features, scenery and ecosystems. In most countries concerns
for conservation of biological diversity remain paramount, and in a legal sense nature
conservation is essentially synonymous with biological conservation. Thus, geological
phenomena have tended to be protected incidentally to the protection of biological,
aesthetic and cultural values, rather than given recognition for their inherent scientific
merit. Geological protection has thus proceeded more by accident than by design. 

There are some instances of explicit reference to geological phenomena in principal
conservation legislation, such as in New Zealand’s Reserves Act (1977), which provides
for “preservation and management … of areas of New Zealand possessing ….
geological scientific, educational .. features of value”, including “the preservation of
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representative samples of all classes of natural ecosystems and landscapes”. Scientific
Reserves established under that Act are able to protect “types of soil, geomorphological
phenomena and like matters of special interest”. Similarly, there is an explicit and equal
biological/geological legal mandate requiring the establishment of Sites of Special
Scientific Interest (SSSIs) in the United Kingdom which make an important contribution
to protection of significant geological sites and features since 1949.

But these are rare cases. Elsewhere, for the most part, reference to geological
protection per se is relegated to secondary or special legal provision for establishing
geological reserves over specific geological features and sites – a particular feature of
the statutory regimes for conservation in European countries.

INCREASED STRATEGIC APPROACH TO GEOCONSERVATION POLICY
DEVELOPMENT AND PLANNING

Under the prevailing legislative arrangements of national jurisdictions, protection of
geological heritage has been somewhat ad hoc and unsystematic, and has tended to
develop apart from, rather than integral to, mainstream nature conservation. This
situation is manifested in national protected area systems by a profusion of small
geological reserves of many varieties.

The motivating force for this often came largely from within the scientific community
rather than from governments. Accordingly, the inventory of sites and establishment
of reserves was primarily focused on consideration of the scientific and educational
values of geological heritage. In turn, this fostered the creation of small, scattered
reserves as key reference sites, “museum” pieces and monuments, with their
management often subject to strict rules relating to access and use.

More recently has come the discernible growth of national strategic approaches to
geoconservation planning and management, which recognises the broader benefits
of geoheritage. It also provides a policy mandate for a more orderly and rational
approach to inventory and assessment of elements of geological heritage value.

To a significant degree, this development mirrors the initiative of the UK conservation
authority in developing a national Earth Science Conservation Strategy (NCC, 1990).
The strategy was intended to guide a 5-year plan for implementing, in particular, the
results of the Geological Conservation Review. It was a thematically based approach
and sets a range of objectives, from systematic development and maintenance of the
protected area network, to improved site management, increased documentation
and the imperative of raising conservation awareness and involvement among
scientists, interest groups and the public generally (Open University, 1994). Also
considered are the needs of international linkages with ProGEO.

Building on this, some national conservation authorities have given further attention
to the broader benefits to be derived from geological conservation, including, among
others, sustainable management of natural resources, landscape conservation, and
socio-economic growth including employment, recreational opportunities and
revenues from commercial tourism. Nor have these developments neglected concerns
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for integrating the often competing issues of conservation and exploitation of
geological resources. The innovative GEOTOP programme in Sweden, for example,
aims not only to establish a system of geological nature reserves, but also to
demonstrate interrelationships between utilisation and conservation of geological
resources (Johannson et al. 1997).

This broadening of the policy orientation of geological protection is consistent with
parallel developments occurring within the protected area movement generally,
inspired by the imperatives of global conservation under the Convention on Biological
Diversity and related instruments and institutions. The proposed UNESCO Geoparks
Programme (discussed below) is innovative in this regard in giving recognition to the
value of Geoparks for social and economic advancement, in addition to their scientific
research and education roles.

The future prospects, then, are for increased development of geological protection in
co-operation with national nature conservation developments generally promoting
an holistic approach to conservation of biological and geological phenomena – in
furtherance of ProGEO’s stated objectives in this regard.

INCREASING PROTECTION FOR GEOLOGICAL HERITAGE ON PRIVATE LANDS

Geopreservation need no longer rely solely on government protection mechanisms.
Its objectives can also be effectively achieved on private lands, and on the voluntary
initiative of land owners and occupiers. Indeed, many governments now actively
encourage protection of private land as a principal means of expanding their national
protected area systems.

In New Zealand, for example, the Queen Elizabeth II National Trust Act (1977)
provides for establishment of Open Space Covenants to protect “…any landscape of
aesthetic, cultural, recreational, scenic, scientific or social interest or value.” Such
covenants are legal contracts whereby landowners voluntarily agree to their land
being managed to retain its natural character. Overseen by an independent trust,
covenants are registered against the land title and are binding on existing owners and
all subsequent owners. The land remains in private ownership but public access may
be negotiated. The owner benefits from rating relief, financial assistance with
fencing, and practical advice on management. The trust promotes protection of all
types of land, its documents specifying an interest in wetlands, caves, escarpments,
rivers, lakes and coasts, among others. Currently, there are almost 1,300 registered
Open Space Covenants, covering about 50,000 ha. They include many sites of
geological significance, such as erosional badlands, cave systems, and limestone
formations with fossil floras and Maori rock art.

Similar legal agreements protect geological features on private land elsewhere. In
Great Britain, for example, the extensive network of Sites of Special Scientific Interest
(SSSI) and National Nature Reserves (NNR) encompasses areas that are usually
retained in private ownership but are subject to legally based management
agreements with the national conservation agencies. All of these geologically
important sites, derive from the Geological Conservation Review (GCR), a decade-
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long national site inventory of British geological heritage, which has had a large
influence on geological conservation in that country (Wimbledon et al., 1995).

Complementing the SSSIs and NNRs in England is a selective system of Regionally
Important Geological Sites (RIGS), an initiative by informally constituted voluntary
groups, supported by the nature conservation agencies and non-governmental
organisations, and given informal recognition in the local authority planning system
(Harley, 1994). In Wales, many more second-tier sites are recorded, both geological
and biological, as SINCs (Sites of Interest for Natural Conservation).

Finland exemplifies this use of private land conservation mechanisms to ensure the
protection of small sites and specific geological features, such as caves, erratics and
roches moutonnées, a pattern repeated in other European countries. Various state
governments in Australia have legislation for establishing conservation covenants over
private land, but these have not yet been used effectively in geoconservation activities.

GROWING INTEREST IN INTERNATIONAL CO-OPERATION AND RECOGNITION
FOR GEOLOGICAL HERITAGE CONSERVATION

Building on the foundation of strengthened national programmes has come an
increasing concern for greater recognition of geological conservation at international
level. This is expressed both in terms of making greater use of existing international
conservation instruments, and in the development of new ones aimed directly at
promoting a global network of significant geological sites.

Four existing international programmes already provide considerable scope for
geological conservation and have untapped capacity available for that purpose, as
follows.

WORLD HERITAGE CONVENTION

The World Heritage Convention (long title: Convention Concerning the Protection of
the World Cultural and Natural Heritage) was adopted by UNESCO in 1972 to
promote the protection of cultural and natural properties deemed to be of
outstanding universal value (UNESCO, 1999a).

Sites of geological significance are most likely to be included within natural
properties, and the qualifying criteria for inclusion of natural properties on the World
Heritage List give considerable emphasis to geological values. Thus, under the
Convention natural heritage is taken to include (emphasis added):

“natural features consisting of physical and biological formations ….. of
outstanding universal value from the aesthetic or scientific point of view;
geological and physiographical formations …of outstanding universal
value from the point of view of science or conservation; natural sites, or
precisely delineated natural areas of outstanding universal value from the point
of view of science, conservation or natural beauty.”
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To be considered of outstanding universal value, natural properties must meet one or
more qualifying criteria, two of which allow directly for inclusion of geologically
significant sites, viz:

“be outstanding examples representing major stages of earth’s history, including
the record of life, significant on-going geological processes in the development
of landforms, or significant geomorphic or physiographic features; 
contain superlative natural phenomena or areas of exceptional natural beauty
and aesthetic importance …”

By December 1997, there were 114 natural properties and 20 mixed natural/cultural
properties inscribed on the World Heritage List, covering a total of approximately 1.3
million km2 (Green and Paine, 1997). At least 50 of these sites (in 26 countries) are
regarded as having primary geological significance (IUCN, 1999).

They encompass a wide range of geological features and sites at various scales,
including: 

Volcanic landscapes and formations 
Ngorogoro and Kilmanjaro (U.P.Tanzania),
Kamchatka (Russian Federation), Krakatau (Indonesia), Morne Trois Pitons (Dominican
Republic), Hawaii Volcanoes (USA), Giant’s Causeway (U.K.).

Mountain landscapes
Canadian Rocky Mountain Parks (Canada), 
Sagarmatha Mt. Everest (Nepal).

Hydrothermal systems
Yellowstone (USA), Huanglong (China).

Caves and Karst landscapes
Carlsbad Caverns and Mammoth Cave (USA),
Skocjanske Caves (Slovenia), Aggtelek Karst (Hungary/Slovakia).

Fiords and Glaciers
South West New Zealand/Fiordland (New Zealand)
Los Glaciares (Argentina), St Elias Mountains (USA/Canada).

Hydrological features
Iguazu Falls (Argentina/Brazil), Victoria Falls (Zimbabwe/Sambia), Juizhaigou (China).

Coral reefs and atolls
Great Barrier Reef (Australia), East Rennell (Solomon Islands).

Fossil Sites
Messel Fossil Pit (Germany), Riversleigh/Naracoorte Fossil Mammal Sites (Australia)

Some sites combine geological significance with religious and cultural values, so are
inscribed as mixed natural/cultural properties on the World Heritage List, including
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Australia’s Kakadu and Uluru National Parks with spectacular and diverse rock
formations and landscapes of spiritual value to Aborigine peoples, and the volcanoes
of Tongariro National Park in New Zealand, sacred to the local Maori peoples.

It has been suggested that the remit of the World Heritage Convention restricts its
capacity to fully satisfy the needs of global geological heritage protection (Cowie and
Wimbledon, 1994; Knill, 1994). At the 1993 Malvern Conference (O’Halloran et al.,
1994) the concept has emerged of an Earth Science Conservation Convention. This
was envisaged as an international agreement to link scientific and conservation effort
on a network of geosites to supplement World Heritage sites.

There is, indeed, a question over how much of the manifestation of geological history
can be incorporated in the World Heritage site network. However, there should be no
major impediment to extending its representation of geological sites having
outstanding value to science and conservation. Moreover, recent experience suggests
that some concerns may be unfounded. For example, there is a perception that the
World Heritage Programme’s focus on geographically large areas might exclude
consideration of many small, but outstanding, geological sites. The likely imminent
addition of Canada’s Parc de Miguasha to the World Heritage network should reduce
such concerns. Only 87 ha in size, Miguasha is adjudged to be the world’s most
outstanding fossil site for characterising the Devonian as the “Age of Fishes”, with
specimens revealing evidence of the transition of vertebrate life from water to land.
Thus, where their claim to outstanding universal value can be verified and they satisfy
the requirements for integrity of protection, small sites may be eligible for inscription
as World Heritage properties. Moreover, small sites that are scientifically linked, but
geographically discrete, can constitute serial site nominations, as in the case of the
Riversleigh/Naracoorte Fossil Mammal Sites in Australia.

Evaluation of Miguasha’s claim to World Heritage status was greatly assisted by a
comprehensive comparative study of the world’s Devonian fossiliferous sites (Cloutier
and LeLievre, 1998). The use of this report to establish the uniqueness and universal
significance of Miguasha’s place in geological history signifies a deliberate shift by
IUCN to a more strategic and scientifically based process for assessing World Heritage
nominations.

In 1996, IUCN launched a thematic global strategy for World Heritage natural sites,
as a conceptual basis for guiding further development of the World Heritage site
network. A report on geological sites, one of the themes selected, is currently in
preparation (IUCN, 1999). The report reviews existing World Heritage natural
properties in terms of their geological importance and summarises relevant
information from national and international surveys, to provide a contextual
framework for evaluating sites of global geological significance. This work, which
builds on an earlier report on fossil sites (Wells, 1996), is intended to assist IUCN in
assessing site nominations, to proactively guide UNESCO in expanding the World
Heritage system, and to give parties to the Convention a useful global perspective
when nominating their own sites. The global strategy, thus, holds the promise of
replacing the formerly rather reactive, ad hoc and unstructured approach to World
Heritage site nomination and evaluation with a more proactive, systematic and
scientific process.
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Further encouragement for improving the prospects of extended geological site
protection under the World Heritage Programme comes from recent initiatives to
encourage co-operation between IUCN and the IUGS Geosites Working Group. This
may allow IUCN to benefit more from expert geological advice and assistance, and to
draw upon the strong scientific underpinning of the former (1991) Global Indicative
List of Geological Sites (GILGES), while coincidentally giving the opportunity for the
replacement IUGS Geosites Programme (Wimbledon et al., 1998) to fulfil its aims in
support of geological site conservation through a global geosite inventory. Such close
co-operation between science and conservation at international level has proven
effective in biodiversity conservation, and should be similarly pursued in the cause of
geological conservation.

BIOSPHERE RESERVES UNDER THE UNESCO MAN AND BIOSPHERE
PROGRAMME (MAB)

Biosphere Reserves are established under the UNESCO Man and Biosphere
Programme, an interdisciplinary programme of research and training within the
natural and social sciences to promote conservation and wise use of resources and to
improve relationships between people and their environment. The programme is
based on the creation of a global, biogeographically representative network of
Biosphere Reserves, which, despite their title, are not necessarily protected areas as
such. Rather they are areas of terrestrial and coastal/marine ecosystems where,
through appropriate zoning and management, ecosystem conservation is integrated
with sustainable use of natural resources, including relevant research, monitoring,
education and training (UNESCO, 1996). Biosphere Reserves thus fulfil three
functions, viz: conservation, human development and logistical support to research
etc., and in practice they should contain three elements, viz: core areas for protection;
buffer zones for co-operative, compatible activities such as research and tourism; and
transition areas containing various sustainable resource use activities such as farming
and forestry, and including settlements.

Some countries have enacted legislation specifically to establish Biosphere Reserves,
while others have encompassed existing protected areas in Biosphere Reserves.
Similarly, ownership of Biosphere Reserves varies widely, from privately owned to
public lands. By November 1997, some 350 Biosphere Reserves had been established,
covering a total of around 2.2 million km2.

Biosphere Reserves are ideally suited to promoting the research, education and
training aspects of geological conservation. Examples of Biosphere Reserves where
geological conservation is significant include: Australia’s Kosciusko Mountains and
Macquarie Island; Canada’s Waterton Lakes and the Niagara Escarpment; the
German Berchtesgaden Alps; Waddensea Area of the Netherlands; N.E. Svalbard in
Norway; Romania’s Danube Delta; and the Rocky Mountains in the USA. Some
Biosphere Reserves are also World Heritage sites, viz: Uluru in Australia, the
Serengeti-Ngorogoro in U.R. Tanzania; the Galapagos Islands in Ecuador, and
Yellowstone, Mammoth Cave Area, and the Everglades in the USA. 

To further strengthen the geological conservation achieved under the Biosphere
Reserves and World Heritage Programmes, UNESCO is giving consideration to
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establishment of a global series of Geoparks (UNESCO, 1999b) Philosophically
founded in the 1991 Digne “Declaration of the Rights of the Memory of the Earth”
(Alexandrowicz and Wimbledon, in press), Geoparks would be dedicated areas under
national sovereignty, enclosing features of special geological significance, rarity or
beauty, and representative of a region’s geological history and the events and
processes which formed it. Derived benefits would include research, environmental
education and socio-economic development.

RAMSAR CONVENTION

The 1971 Ramsar Convention on Wetlands (long title: Convention on Wetlands of
International Importance especially as Wildfowl Habitat) is an intergovernmental
treaty for conservation and wise use of wetlands, including marine, estuarine,
lacustrine, riverine and palustrine ecosystems (Ramsar Convention Bureau, 1997). The
convention has more than 100 contracting parties, and in 1997 almost 900 wetlands
had been designated for inclusion in the List of Wetlands of International Importance,
covering some 65 million hectares. The focus of the convention is the long-term
maintenance of the functioning of wetland ecosystems and conservation of their
ecological and economic values. Despite the fact that sites are selected primarily for
their significance for biodiversity conservation, there is opportunity for inclusion
(either directly and indirectly) of special geological and geomorphological places in
coastal and freshwater settings such as estuaries, dune systems, coral reefs, lakes,
rivers and marshlands of various types.

Just a few of the diverse aquatic systems and associated landforms in Ramsar sites
are: the Gippsland Lakes of Australia, Botswana’s Okavango Delta and the Danube
Delta in Romania; the Waddenzee in the Netherlands; Severn Estuary in England;
Scotland’s Loch Maree; the Camargue in France; Salinas de Santa Rosa in Spain and
the Secovlje salt pans in Slovakia; and the Everglades of the U.S.A.

THE ANTARCTIC TREATY

Conservation in the Antarctic region, encompassing some 10% of the Earth’s surface,
is conducted under the multi-lateral Antarctic Treaty (IUCN, 1991). The 1991 Protocol
on Environmental Protection to the Antarctic Treaty (Madrid Protocol), which provides
comprehensive rules on environmental management, declares Antarctica to be “a
natural reserve devoted to peace and science”. Annex V of the Protocol addresses the
need for special protection and management of areas, including the designation of
Antarctic Specially Protected Areas (ASPAs) to protect, among others, outstanding
environmental and scientific values. Geological values are among those specifically
identified for inclusion in ASPAs, viz: “representative examples of major terrestrial,
including glacial and aquatic ecosystems; and examples of outstanding geological,
glaciological or geomorphological features”. ASPAs will subsume the formerly
designated Specially Protected Areas (SPAs). Two of these afford special protection to
geological sites, one being ice-free terrain with associated pristine ice environment at
the S.Orkney Islands, the other a geologically representative archipelago and research
area at Terre Adelie (Table 1; British Antarctic Survey, 1997). ASPAs will also replace
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the more numerous Sites of Special Scientific Interest (SSSIs), of which 10 are of
geological significance including fossil localities, dry valleys, volcanoes, fiords, and
coastal, lacustrine, glacial and periglacial landforms (Table 2). Consideration is being
given to further developing the Antarctic protected area system and extending its
representativeness, thus providing scope for including a broader range of geological
phenomena (Lewis Smith et al., 1994).
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SITES OF SPECIAL SCIENTIFIC INTEREST

Barwick Valley, Victoria Land

Fildes Peninsula, King George Island,
S.Shetland Is.

Byers Peninsula, Linvingstone Island,
S.Shetland Is.

"Tramway Ridge", Mount Erebus

Canada Glacier, Lake Fryxell, Taylor
Valley, Victoria Land.

Deception Island (parts), S.Shetland Is.

Marine Plain, Mule Peninsula, Vestfold
Hills, Princess Elizabeth Land

SPECIALLY PROTECTED AREA

Northern Coronation Island, South
Orkney Islands

Pointe Geologie Archepelago, Terre
Adelie

GEOLOGICAL FEATURES

Coastal ice-free terrain with cliffs, and
permanent ice; representative area of
pristine ice environment, and
interrelated terrestrial, ice and
sublittoral ecosystems.

Representative area of biological,
geological and aesthetic value; long-
term geological research.

GEOLOGICAL FEATURES

Pristine Dry Valley; extreme polar
desert ecosystems.

Fossil ichnolites and representative
sequences of Tertiary rock strata.

Ice-free area with Jurassic and
Cretaceous fossils showing links
between Antarctica and other
southern continents.

High-altitude area of fumerolic activity
and associated vegetation.

Old moraines and ancient lake beds,
with mosses and algae.

Active volcano with new surfaces for
plant colonisation.

Fiord environment with vertebrate
fossils, including dolphins; freshwater
lake (former marine environment)

Table 1: Antarctic Specially Protected Areas of geological significance.



CONCLUSIONS

The preferred means of achieving long-term protection of geological features and
sites is to manage them within legally protected areas. Of these, the categories of
strict nature or scientific reserve, national park and natural monument appear most
suited for geological protection, and IUCN policy guidelines promote the use of them
for this purpose. Geological protection is rarely an explicit objective of national
conservation legislation, but it may be implicit in reference to natural features and
ecosystems. As a result, protected area networks may contain fewer sites directly
intended to protect geological heritage. Some countries have special laws for
geological site protection. Increasing strategic planning of geoconservation is
replacing ad hoc, unstructured approaches. Scientific motivations for geological
protection are being complemented by a more holisitc consideration of policy
objectives, including sustainable management of natural resources, and socio-
economic benefits from associated compatible activities such as tourism. Some
governments are promoting greater use of legal conservation mechanisms over
private lands, and these have considerable untapped capacity for responding to
voluntary initiatives for geological protection. Increased attention is being given to
the needs of protecting global geological heritage. There is much scope for using
existing legal instruments and programmes for his purpose, notably UNESCO’s World
Heritage Convention and the MAB Biosphere Reserves Programme, the Ramsar
Convention on Wetlands and the Environmental Protocol to the Antarctic Treaty.
Further collaboration between internationl conservation institutions and the
International Union of Geological Sciences (IUGS) may allow for the Geosites and
related programmes to better achieve their conservation objectives.
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Ablation Point, Ganymede Heights,
Alexander Is.

Mount Flora, Hope Bay, Antarctic
Peninsula

Lions Rump, King George Island,
S.Shetland Is.

One of largest ablation areas in West
Antarctica; complex lithology, wide
range of landforms including raised
beaches, moraine systems and
patterned ground.

Sedimentary rocks with conglomerates
and volcanic cap; rich fossil flora for
interpreting history of Antarctica; long-
term research.

Representative terrestrial, lacustrine and
littoral ecosystems, with variety of rock
formations.

Table 2: Antarctic Sites of Special Scientific Interest having geological significance.
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INTRODUCTION

The geoworld has always played a role in human history. Geological processes and
phenomena were feared, admired or simply integrated in daily life. Some phenomena
had a special significance in social life and were therefore respected. For instance, in
the northern countries many erratic boulders have been saved for religious, juridical
or social reasons. The geologically striking steep wall of Thingvellir, in Iceland, was the
place where the Viking “parliament” yearly met. Special rock formations and
landforms in America and Australia have a strong religious meaning for the Indians,
and the Aborigines, respectively. The preservation of those phenomena was based on
the unwritten laws of society. They were part of the cultural heritage of those
societies. Nowadays, these laws hardly work anymore. The Indians and Aborigines
still have to fight for their holy places. Economic expansion and overpopulation claim
well-formulated laws and regulations.

Geoconservation is a rather young aspect of nature and landscape conservation,
which started in the nineteenth century. The loss of animal and plant species and the
neo-romantic spirit of the times inspired the conservation movements. In the course
of time, nature and landscape conservation became a generally accepted issue in our
societies. However, in spite of the importance of the geoworld for the environment,
in fulfilling many irreplaceable functions, geoconservation was hardly accepted.
Besides its value as the foundation for the biological and cultural historical aspects,
geoconservation has also a value on its own as a source of information about the
geological development of the Earth. Although the fundamental values of our
geological heritage get more and more credit, the recognition of geology as
something of value on its own is still paid too little attention. It is up to the
geoconservationists to inform society, our fellow Earth scientists, nature conservation
organisations, policymakers and the general public, for it is still a long way from
geological phenomena towards protected and managed sites. ProGEO, the forum of
international geoconservation and national expertise has to continue its stimulating
and important role in this process of awakening. 
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FROM GEOPHENOMENON TO MANAGED SITE

Geoconservation practice is like a complicated play, performed in a series of acts with
several groups of actors having different interests, played by various rules, and judged
by a critical audience, the general public. Therefore a sound geoconservation policy
and practice demands for an effective strategy and a sound legal framework, a clear
and transparent procedure from basic geological data to protected and managed
geosites. The procedure has to be accompanied by a well-timed and well-organised
process of awakening for in many countries the subject is still the Cinderella of nature
and landscape conservation. This process of awareness includes for instance the
economic role of geology in responsible mining and winning of raw materials for
housing and roads, of fuel and of drinking water, etc., its physical role as a foundation
for housing and infrastructural works, its basic role in nature and landscape
development, conservation and appreciation, and, more specific the role of
geodiversity in the development of biodiversity and cultural history, and, last but not
least, the importance of geoconservation for understanding the geological history.
Concerning geoconservation, the last aspect is the most important one; however this
aspect cannot be and should not be detached from a holistic view. 

In the procedure from a geophenomenon to a managed geosite, the following steps
can be distinguished: identification of geosites, the protection procedure and
maintenance of geosites.

IDENTIFICATION OF GEOSITES

There are various ways to select geosites depending on the state of art in geological
research. In the past, before geoconservation really started, naturalists selected
striking and beautiful examples of geological phenomena, from the large Yellowstone
Park to small erratic boulders. However, when the Earth scientists discovered
geoconservation, more systematic methods based on research were used. Criteria
and selection methods were introduced and used to select sites for various goals and
for various planning levels. Generally the identification process of geosites follows
three steps:

- Construction of the geological framework.

The knowledge of the geological history and - if possible - its reflection in geomaps
is a first necessity for a systematic approach in the identification of geosites. This
implies the inventory of all available geological data, derived from field visits, remote
sensing images, maps, literature and personal communication, etc., in order to create
the geological overview. 

In many countries geological and pedological maps are available, given the
economical interests in these Earth-science data. However, the presence of
geomorphological maps is often fragmentary.
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- Development of a classification system (typology)

In order to arrange the geological data in a practical way for the next step, the
identification, it is necessary to develop a classification system. Such systems can be
based on various starting points, depending on, for example, the state of the art in
geosciences (available information) and the kind of application. However, first we
should know what do we want or what do we have to protect? A national, top list
of geosites needs a different approach form an integrated nature and landscape plan
which includes geology. Anyhow, a typology for geosites should be based on the
geogenesis development (Gonggrijp, in press; Johansson et al., 1998). For the sites
should reflect the typical geological development. This requires a complete geological
covering of the area. If the data are insufficient for a map-based approach, a simpler
system has to be developed.

- Identification of sites

As it is impossible to protect all geological phenomena, selections have to be made.
This means that a set of selection criteria and a selection method - determining the
importance of each criterion in the method - has to be developed. The number and
the variety of relevant criteria and sets described and used for the selection is large
(Bjorklund, 1987; Erikstad, 1994; Gonggrijp, in press). The use and importance of the
various criteria depends on the following steps in the process: the use of the site
(scientific, educational, etc), the designation of the site for protection and the way
this protection will be arranged. Criteria like representativeness and rarity are more
scientifically important, while visibility and accessibility indicate typical educational
values. Vulnerability and threat do not indicate the value of a site, but they refer to
impact sensibility and actual and potential impacts. These criteria select sites based
on their protection priority and management aspects (Gonggrijp, in press). It is clear
that, in principal sites, are not related to certain dimensions. Sites can be small
elements (a geological section in a pit, an erratic boulder or a pingo remnant),
patterns (several nearby pits showing a geological transition, an erratic boulder field
or a defined area with pingo remnants) or complexes (various adjacent exposures
showing the geological development of an area, or a pattern of pingo remnants in
relation to its geohydrological system). 

PROTECTION PROCEDURE

- Lobbying

In most countries there are available instruments that enable protective measures.
However, they are not (always) put into action for geoconservation. Therefore, the
first condition is the recognition of geoconservation as an aspect of nature and
landscape conservation. That demands for the integration of geoconservation should
be integrated in all relevant laws and in all policies, strategies, plans, etc., of the
authorities, and private and state nature and landscape conservation organisations,
and at all levels. National geoconservation organisations should put geoconservation
forward, for preference in co-operation with established, powerful nature and
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landscape organisations or environmental movements. Although this is not always
easy to realise, because of their strong biological and environment-orientated
background. The indisputable relationship between geodiversity and (actual or
potential) biodiversity could be the basis for more understanding. Popularisation is
the way to catch the essential attention of the general public. 

- Safeguarding sites

There are several ways to safeguard a site, depending on the national legal and
planning system. Nowadays in most countries the following instruments can be used
to reach the goals:

•Acquisition by a nature conservation organisation (state and private). Generally
sites that are vulnerable and need management.

•Allocation as a nature monument, nature reserve or national park through a
nature conservation statute. Generally sites that are vulnerable and need
management.

•Protection by planning measures supported by relevant laws like the physical
planning act, a mining act, a raw materials act / earth removal act, an
environmental management act (including environmental impact assessment),
forestry act, land development act and management agreements, etc. These acts
give the legal basis for the various policy plans dealing with nature and landscape
conservation. Generally sites that are more solid and with very little need for
management. 

Often all the possibilities to safeguard geosites are there. But the geoconservationists
are not the only gladiators in the arena. Together with biologists, cultural historians,
archaeologists, etc., they have to cross swords with landowners, farmers, developers
and the authorities. But also between the conservationists themselves there is not
always peace, for conservation money is limited. Co-operation with the others and
lobbying may help to put protection instruments into action! The incorporation of
geoconservation in all kinds of projects related to conservation, landscape
development, education, tourism, etc., can help. In spite of the principle relation
between geodiversity and biodiversity, there will be always sites of only geological
interest. And we have to find resources for conservation for those sites too.

As most of the active geoconservationists are scientists, there is often not much
practical experience in the planning procedures and practice. Contacts with planners
(in the Netherlands several geoscientists are working in provincial planning services)
can be of great help to understand the planning process and to find the right way to
put geoconservation on the agenda. Stürm from Switzerland has been very successful
in geoconservation at Canton level (Stürm, 1994; Stürm & Hipp, 1999). The few
publications on planning and geoconservation are from this Swiss earth scientist and
planner.
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MAINTENANCE OF GEOSITES

Legal protection is often not enough to safeguard a site for the future. After
realisation of the official protection, a site development plan has to be operative. This
plan includes: design and execution, management and monitoring chapters. It is
evident that those plans should be integrated with other involved nature and
landscape elements of value - as it should be with biologically-orientated sites - to
avoid conflict situations. 

- Design and execution

A design should be the basis for the arrangements, which have to be executed.
Optimal visibility and sustainability of the sites are important goals. Specially in case
of rock exposures, a design of the plan is necessary, including all the additional
arrangements like water shields, drainage provisions, shelters, removal of trees and
waste, educational provisions, etc. It is necessary to calculate the costs and to execute
the work properly. 

Geomorphological sites sometimes also need special arrangements: for example, to
increase visibility, trees have to be removed or, on the contrary, they have to be
planted. Restoration aspects should be part of both the design and the execution. In
the case of active geological processes, the continuation of the process should be
guaranteed.

- Management and monitoring

For every site a management chapter is essential. Exposures degrade and have to be
cleaned every now and than. Provisions have to be checked and restored.
Management activity schemes and their execution frequency have been
incorporated. In order to follow the development of the site and the efficiency of the
measures, and the sites should be monitored. 

In this brief overview, the process of the geosite development from geophenomenon
to protected site has generally been described. It should be realised that all the steps
in this process are important. Weak links in the chain frustrate the implementation of
geoconservation in the planning and realisation process. And geoconservationists are
in most cases responsible for just a part of the chain: the identification of the site.

The realisation of a systematic input of geosites in the nature and landscape
conservation itself is a planning authority job. While the arrangement and
management of geosites frequently will be executed by nature conservation
organisations, sometimes with the help of geospecialists. Coalitions with biologists
and cultural historians can pull geoconservation out of its isolation. And they can help
to develop a holistic approach based on geodiversity. Involvement of all actors and
the public is necessary to succeed in geoconservation goals. Education is the key
word! Geotrip (Gonggrijp, 1997), a two-yearly excursion project organised by
ProGEO and carried out by professionals and laymen for the public, is such a
contribution.
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AN UNDEREXPOSED ISSUE IN PLANNING 

WHITE AREAS 

In the Netherlands at the end of the 1980s, the Ministry of Agriculture, Nature
Management and Fisheries started the development of a new Nature Policy Plan
(Gonggrijp, 1992). The framework of the plan was the development of an Ecological
Network that would become the fundament for nature and landscape conservation.
Vital natural and cultural areas should be connected, to realise a sustainable
ecological future, with biodiversity as the main keyword. But what to do about the
geological heritage, specially identified for this Nature Policy Plan? Sometimes the
geological sites coincide with the Ecological Network. That is great! However, very
often they do not overlap, because of the strong ecological deterioration of the
countryside! To solve the problem, a special category of “areas with general nature
and landscape values”, including geosites and cultural historical sites, has been
introduced, but without any practical elaboration. 

In recent times, there has been a new national inventory of geo(morho)logical
geosites of international and national importance (for the third time). The previous
two had no consequences for any planning policy at all. According to the designers,
this new map should be implemented into a new vision on nature policy. However,
at this very moment policymakers are comparing various maps (ecological network
map, cultural historical map, etc.) in order to select those areas that cover mutual
interests. What will happen to the rest of the national geosites? Are these sites to be
saved by provincial or municipal regulations? Of course, that should be the way! But
what about the provincial and local sites? For these sites the lower authorities carry
responsibility through their regional and local plans.

In every country, physical planning maps (on the various planning levels) show small
and big sites which are important and which have to be protected. Importance,
vulnerability and a need for active management are the main criteria for protection.
But on every planning level there is more: the areas which are not nominated,
because they not of any particular value! In the Dutch terminology those areas are
known as the so-called white areas , areas with no special important interest, except
that they form the remaining landscape. Generally those areas have no spectacular
geological foundation, almost no nature is left and the cultural historical
development is far from exciting. But are those areas worthless and therefore
outlawed? Should they be sacrificed without any restriction in the planning process?
In the Netherlands especially, the very flat areas have very often been designated as
white areas . Some claim that these areas have no function relating to important
scientific or educational information. Maybe that is true, but that does not mean they
are of no value at all. Very often these areas are very typical for a special geological
development, not striking but simply typical. These areas too represent typical,
sometimes rather dull, but anyhow often vulnerable landscapes. 

Of course the designation of white areas is a pragmatic choice, since it is not possible
to protect the whole country; cities will expand, agriculture should continue, raw
materials are still needed, infrastructure expansion will follow, etc. In fact, even green
areas are not safe for some kinds of impacts, for not all the activities can only be
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Fig. 1. List of geomorphological sites of (inter)national importance in The Netherlands, version
1989 (Gonggrijp, 1992). In these relatively large areas the typical geomorphological identity
was proposed to be preserved. However this should not mean that the "white areas" are being
outlawed! In these areas geoconservationists, the experts on the physical aspects of the
landscape, should stress a landscape management based on respect for the general
geoidentity.
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concentrated in those white areas . Nevertheless, these white areas too deserve a
careful consideration. In a recent study on geosites in the Province of Overijssel, an
expert group has compiled a geosite map with five categories of areas - of
international, national, provincial, regional and local importance. In fact, the last
category covers that of the white areas . The recommendation for this category was
respectful treatment of the geo-environment . For even in those areas, carefully
balanced decisions have to be made in order to do justice to the landscape identity.

ENVIRONMENTAL IMPACT ASSESSMENT

If large-scale impacts in the countryside are being planned, environmental impact
assessments studies can be a great help in determining the best environmental
alternative location (Erikstad, 1999). But also in this case the geo-environment is just
one of the aspects of environment that will be studied. Especially in cases where the
geological features are the only values, for instance because of their intensive,
agricultural land-use background, it is often very hard to win the battle. 

If the battle is lost, and a green or white area is to be used for development, a new
item has to be introduced: the adoption of the valuable elements into the
development plan. In such a plan the geo(morph)logical structure of the area could
be the basis for the framework and some of the elements could be spared and
integrated in the plan. For instance, in the case of urban extension, integration of
geo-elements can, related to educational provisions, help to raise public awareness:
for example, streets following geological structures and called after geotopes. 

Fig. 2. Old farm house on top of a Weichselian dune, to prevent the house from being flooded
by the nearby (former) Zuyder Sea. Co-operation between geoconservationists and other
disciplines can put geoconservation forward!



MANAGEMENT, SOME CASES

Protection of geosites by purchase, law or planning measures alone is often not
enough to keep the site in an optimal condition. Many sites need active management
otherwise they loose their scientific and educational function. The former Nature
Conservancy Council (1990) published an excellent overview on conservation
techniques. Systematically all the management aspects of all kinds of sites (according
to the Earth Science Conservation Classification) have been described. This handbook
is a must for every geoconservationist. 

From a management point of view roughly two categories of sites can be
distinguished; outcrops (natural and Man-made) and landforms (fossil and active).
They require a complete different approach in management.

OUTCROPS:

Outcrops make the subsurface visible. They expose formations from a certain period,
contain special structures, minerals or fossils, etc. Accessibility and visibility are
principle conditions for research and educational purposes. Although not all sites
should be accessible for education, because of their uniqueness or vulnerability. In
general, natural exposures do not need special measures to keep the site accessible,
because of the on-going exposing process. Artificial exposures, however, need
regular maintenance, due to the degradational processes.

In most cases, existing exposures in sandpits and quarries are being preserved. But in
special cases or for special occasions formations can be exposed on purpose for
educational and scientific reasons . 

LANDFORMS: 

The value of important fossil landforms is their soundness especially in our
overcrowded countries. That means that all kinds of affecting activities should be
avoided, particularly in case of relatively small, usually vulnerable, sites; because once
destroyed means forever destroyed. 

In the case of active processes, the situation is slightly different. In general, relatively
small impacts, compared to the natural activity of the process, will hardly affect the
system. However, activities even in active systems should be avoided if not necessary.

CREATION OF OUTCROPS

Due to its specific geological development, the Netherlands is very poor in exposures.
Therefore, we already considered for quite a long time the creation of exposures
where they could support scientific or educational targets. We realise that this
conflicts with our principles concerning landform conservation. However, the lack of
suitable exposures for scientific and educational purposes is a problem. 
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Galgenberg 

In 1997, the top of an ice-pushed ridge in the eastern part of the country was
declared a geological monument on the occasion of Geotrip 97. From the top
downward, the parallel outcropping formations can be distinguished in the arable
land. Recently, a regional project for the design of marked geological and cultural
historical elements has been started. In the context of this project it has been
proposed to create one long or several short exposures to show the outcropping
formations and the phenomenon of ice-pushing for educational purposes. This
would be the first exposure specially created for this purpose. 

Sallandse Heuvelrug 

On the Sallandse Heuvelrug (an ice-pushed ridge too) a similar activity has been
planned. This project includes a geological trail with several mainly geomorphological
locations. For this trail, two new exposures are planned: one to show pushed
formations and an other that shows the internal structure of a periglacial dune.

VULNERABLE SITES

Some exposures are so important and vulnerable that the sites have to covered after
research or an educational visit

Usselo 

In the eastern part of the Netherlands is situated the type locality of the Layer of
Usselo. The site, a small sand pit, presents a Late Glacial soil containing artefacts and
an Allerød peat layer. The geologically and archaeologically important site (Gonggrijp,
1998) was discovered in 1942.

After the research, the pit was closed and covered to protect the interest. New
research was carried out in 1949 and 1975, with new methods. In both cases the site
was closed and covered again. The site is nowadays an archaeological monument and
research is only allowed after permission. This example teaches us two things: once
researched does not mean researched forever (as we all know, but others will not
always accept that fact) and the best preservation for vulnerable sites (in loose
sediments) is often to cover them. This strategy can of course also be used for small
vulnerable educational sites.

A warning! Sometimes the scientific materials are so limited that any waste is
unacceptable. In those cases the common interest should prevail over self-interest.
And therefore research on a small and vulnerable sites should always been executed
in co-operation with all scientists interested in it.
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PRESERVATION IN SITU

Generally, Earth scientists stress the in situ principle. However, in cases of, for
instance, fossils, minerals and erratic boulders, this principle is often violated. Fossils
and minerals are collected and taken to museums. Very often they end up in some
national collection instead of the local museum near the location. And the naturally
transported erratic boulders continue their wandering by human transport to finish
up in some geological monument, as a victim of collecting’s mania. 

Erratic boulders

In the countries covered by glaciers during the ice ages, erratic boulders have a special
interest. For centuries people have wondered about their origin. Giants, the Flood
and other events have been suggested to explain their presence. Many of these
stones, telling the story of glacial (and sometimes fluvial) transport have disappeared.
They were used as building stones, crushed and used for dikes, roads etc. However,
a lot of them still survive and are incorporated in prehistorical graves, erected as
memory stones, hidden in boulder clay or just somewhere in the field. Nowadays,
erratic boulders are very popular. Many gardens are decorated by impressive pieces.
In some countries (Switzerland) these boulders are protected. But elsewhere, the
owners are free to do whatever they want with the boulders. Therefore, many
disappear from their original position and are sold. But not only owners are
transporting these witnesses of the ice ages: geoconservationists are also guilty. Very

Type section of the Layer of Usselo. A temporary exposure for research, closed again after
research to protect the site optimally.
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often the boulders are being used for boulder monuments , geological monuments
presenting the wonders of the ice age. 

It is time to formulate some code of conduct for this heritage.

•Big boulders (dimensions per country or region) should be protected in situ as
nature monuments, and their transport should not be allowed.

•If boulders emerge in glacial areas because of winning of minerals, infrastructure
works, buildings etc., the boulder collection should be saved and placed in the
neighbourhood of the original site, or in a nearby village as a geological or cultural
monument. 

One of the biggest erratic boulders in The Netherlands dug up by construction works.
However in principal erratic boulders should stay on their original places.
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MULTIDISCIPLINARY USE OF GEOSITES

As many sites are not just biological, cultural historical or geological the interest is
shared. In these multidisciplinary sites a strict management plan should include all
special issues, so guaranteeing the optimal condition of all the interests, to avoid
frustration.

Oude Mirdumerklif

In 1927, a cliff along the inland sea the Zuyder Sea was protected for its
geo(morph)logical importance. It was a nice cliff, with typical Dutch dimensions of
about 5m high and 2km long. Downstream a well-formed spit system, built up from
the cliff’s materials, had been developed. After the construction of a dike, closing the
inland sea, the cliff was covered by vegetation. Because of the special geological
conditions, two types of boulder clay (one with chalk and another without chalk) and
periglacial drift sands, a diverse vegetation has been developed. However, the
geological section was no longer visible (though visibility was one of the original
reasons for protection). Besides this was the place where, at the beginning of the
20th century a discussion took place between geologists whether one or two
glaciations had affected the Netherlands. For many decades the owner of the site, a
nature conservation organisation, did not allow the creation of any section in the cliff
wall. Due to several requests and the changing times, recently a section has been
realised. The problem of multidisciplinary use and arrangement can only be solved by
multidisciplinary involvement and a balanced management plan. 

Once this (former) cliff was a geosite and showed an important geological section.
Nowadays the site has a high biological value due to the special geodiversity. A recently
created outcrop restored the lost geological value. An integrated management plan should
avoid the ignorance of other values.
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Nature development

Especially in nature development projects the conflict of multidisciplinary use,
between biology and geology and cultural history, is present (Gonggrijp, 1999). Pingo
remnants are being cleaned by digging out the peat, including the palaeobotanical
archive. Periglacial dunes turn into ponds to win sand and to create wet areas (a
typical example of a win-win situation). The only way to avoid these conflicts is by the
formulation of balanced development and management plans based on a holistic
view, and evolved by a multidisciplinary project group. These conflicts in management
approach can also be faced in the restoration of pits and quarries. The fear of every
geologist is to find Red List plant species covering an exposed section

GEOMORPHOLOGICAL SITES AND VISIBILITY

An important aspect of the public’s perception of landforms is their visibility. In most
cases this means that bushes or trees should not cover relatively small features.
Therefore treeless areas with small features should stay that way. And in areas
covered with dense woods selective cutting could be the solution for improved
visibility. 

Dry valley

In the hot summer of 1976, a big fire destroyed an extended part of a forest near
Arnhem. This forest was situated on an outwash plain (Saalian) dissected by a nice
treeless shallow, periglacial dry valley (Weichselian). Because the valley itself was
without trees the system was very well visible. It even stressed the presence of the
valley. Soon after the fire the owner, the municipality of Arnhem asked for an
arrangement and management advice concerning the reforestation of the area. In
the report it was explained that the former situation, a treeless dry valley should be
continued to stress this shallow valley. Covered by trees the valley would hardly be
detectable. 

Periglacial dunes 

In the sandy areas in the eastern part of the Netherlands, there are present many
small, periglacial dune ridges and knobs. Most of these phenomena are not more
than 2m high. Nevertheless, these small dunes are very visible and determine the
physiographic landscape. However, the existence of just some trees on a small dune
stresses its presence. On low, elongated forms, hedges and fences can help to
accentuate the landforms.

In the Netherlands municipalities are involved in landscape management plans for the
improvement of the landscape. Such kinds of activities to accentuate the morphology
could easily be incorporated in these plans.
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A periglacial valley visible thanks to the treeless valley floor and the trees along the valley.
Visibility is a very important aspect of geomorphology and landscape perception.

MISMANAGEMENT

Due to incompetence in geological matters a lot of administrators of natural areas
make management mistakes.

Small sites can be made more visible by selected planting of trees or by installing fences, like
on this coastal barrier.
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Peneplain remnant 

Some remnants of the Ardennes peneplain, once a Variscan orogenic area, are
located in the most southern part of the Netherlands. The Alpine orogeny caused
uplift and tilting in this area and consequently strong erosion. The northern part of
the peneplain almost completely disappeared through erosion and just some small
islands remained. Vrouwenheide is one of these remnants. This location has a cover
of siliceous pepples as a result of strong weathering during the Tertiary. The top of
this island , a nature reserve owned by the State Forestry Service (state nature
conservation organisation), is frequently visited because of the panoramic view from
a tower. One of the facilities constructed for a better access is a car park on the slope
of the peneplain remnant. However, this part of the slope has a sandy surface and
therefore gravel was used for consolidation. But instead of the white-coloured local
material, they used brown river gravel. This use of foreign materials occurs rather
frequently and is inadmissible, especially in relation to geosites.  

CONCLUSIONS

– Geoconservationists, specially fixed on the identification of geosites, should leave
their ivory tower and should develop an active involvement in planning and
management matters.

– There is more than just geosites in nature and landscape planning. The white areas
have their geological identity too! Respectful treatment counts for the landscape
as a whole!

– Management is an essential part of geoconservation that demands much routine
work and a lot of creativity.

– Co-operation with other disciplines, like biology and cultural history, can help
geoconservation move forward.

– Raising public awareness is the key to sustainable geoconservation success.

Original white pebbles on a geosite. Gravel used for a car park on the site.

The materials used on geosites should be originally from the site or should be neutral. 
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INVENTORY OF SPAIN’S GEOLOGICAL HERITAGE

THE NATIONAL INVENTORY OF SITES OF GEOLOGICAL INTEREST

The former Act governing protected Natural Areas, of 2nd May 1975, led the
competent authorities to initiate the drawing up of inventories of such protected
areas. Thus, the National Nature Conservancy Institute (ICONA), as it then was, drew
up an Inventory of Outstanding Landscapes (1976-1977), followed by the Inventory
of Natural Open Spaces warranting Special Protection (1977-1980). Although this
latter inventory included certain elements of the country’s geological heritage, the
fact that biotic factors prevailed led the Geology and Mining Technology Institute of
Spain (ITGE) to begin work on a National Inventory of Sites of Geological Interest, in
1978.

This paper will include a brief methodological reference to this National Inventory. For
more detailed information the reader should refer to the work of Elízaga, Gallego and
García Cortés (1994).

INITIAL STAGE OF THE INVENTORY (1979-1988)

In 1979, with a view to undertaking this programme, the ITGE performed a project
aimed at defining the characteristics and methodology of the inventory. This
preliminary project was made up of four phases (Elízaga, 1988):

1 Documentary review and analysis at national and international level.

2 Preparation of data-support dockets and division of the national territory into
geological units in which the characteristics of the inventory would, foreseeably,
be similar. Drawing up of an initial, provisional list with 100 known sites of
national interest, from which 20 sites (of varying content and nature, distributed
across the entire geography of Spain) were selected.

3 In situ completion of the data-support dockets for the 20 previously selected sites,
with a view to testing and validating the dockets designed.
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4 Assessment of the time and heritage required to carry out the inventory projects,
drawing up of the general inventory development plan and design of the
methodology.

The phases of the methodology defined during that preliminary project were as
follows:

1) Compilation of a list of collaborators, and distribution of a questionnaire aimed at
obtaining an initial list of unique geological features, with the following data:

– Name of the site.
– Location.
– Brief description of contents.
– Categories of interest:

. On the basis of contents (high, medium or low in the following categories:
stratigraphic, palaeontological, tectonic, hydrogeological, petrological,
geotechnical issues, mining, mineralogical, geomorphological, geophysical,
geochemical and museums and collections).

. On the basis of uses (high, medium or low in the following categories:
tourism, science, teaching and economics).

. On the basis of influence (local, regional, national and international).

– Brief general comments
– Photocopy of topographical map (1:50.000), with the position of the site.
– Description of accessibility.
– List of persons having knowledge of the site (if known).
– Bibliographical list (if existing).
– Author of the site proposal.

2) Initial selection of outstanding sites by quantitative weighting of the number and
quality of the features of each. The objective of this initial selection was to obtain
a set of outstanding sites of varying nature, with respect to typology and age. In
performing this selection, special value was attached to factors such as the
importance of the site for the interpretation of the geology of the region, the
quality and diversity of its contents, the importance of the geology from the point
of view of history or teaching, the abundance/scarcity of such sites, the conditions
for observation, its beauty, etc.

3) A second selection of sites which would, after study in the field, become the
chosen sites of geological interest in the area. During this second selection
process, value was attached both to the intrinsic factors mentioned above and to
others of an extrinsic nature, such as accessibility, tourism-related aspects (the
concurrence of other elements of the natural or historic-artistic trust),
informational aspects, proximity to service areas and urban centres, etc. One or
two days were dedicated to each site during the fieldwork, with the data-support
dockets being filled in and graphic documentation being gathered. All these
activities were included in reports for each point of geological interest, as well as
in a general report, all of which passed to the National Inventory archive at ITGE.
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The eight data-support dockets included details of all the characteristics of each
site, and were filled in, or otherwise, depending on the nature of the point. These
dockets were as follows:

• Docket 1: Site Identification:

. Name.

. Geographical location.

. Geological situation.

. Magnitude of the site.

. Observation conditions.

. Physiographic, climatological and administrative data.

. Categories and degrees of interest and general observations.

. Bibliography and comments.

. Graphic documentation (location sketches at a scale of 1:50,000,
geological diagram at 1:200,000, photo-interpreted location diagram,
other graphic data such as lithological cores or geological sections and
observations).

• Docket 2: Geological phenomena relating to rock formation:

. Phenomena relating to sedimentary processes.

. Phenomena relating to effusive igneous processes.

. Phenomena relating to intrusive igneous processes.

. Phenomena relating to metamorphic processes.

• Docket 3: Geological phenomena relating to rock deformation. 

• Docket 4: Forms of erosion and accumulation in different media

• Docket 5: Phenomena relating to applied geology

• Docket 6: Fossil-bearing deposits.

• Docket 7: For museums, collections, and outstanding buildings because of the
stone used.

• Docket 8: Complementary data for the scheduling of visits. 

THE SECOND STAGE OF THE NATIONAL INVENTORY (FROM 1989 ONWARDS)

Until 1987, the methodology used was that described above, which was applied to
almost 20% of the national territory (100,000 km2, corresponding to Galicia, the
mountains of the Cantabrian range (Cordillera Cantábrica), the Valencia region and
Menorca). This led to the initial selection of 889 sites, and to the subsequent selection
and study of 234 Points of Geological Interest. After two years of practical inactivity,
budgeting difficulties that had arisen led to the work on the inventory being included
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in tasks performed within the 1:50.000 -scale geological cartography project, this
being applied to a further 20% of the national territory, which had not at that time
been mapped at that scale. However, given the characteristics of the cartography
work in question, the inventory reached only the second phase of the general
methodology. Indeed, the docket for Points of Geological Interest selected on each
sheet (to be presented in the corresponding report) is the one corresponding to the
general docket used during the first questionnaire sent to the collaborators (phase 1
of the general methodology). Subsequently, the technicians in charge of the
cartography work performed the initial selection of sites, describing them and taking
photographs and/or slides. This stage is currently in its final phases, and almost a
thousand new features have been selected.

REGIONAL INVENTORIES

In addition to the work performed by ITGE, other institutions have also carried out
inventory work in their respective areas. Thus, in 1983 the Valencia County Council
published the book “Sites of Geological Interest in the Province of Valencia”. The
inventory developed will be used in drawing up the Geoscientific Map of that
province.

Between 1985 and 1990, the County Council of Guipúzcoa also drew up an
inventory, the result being the selection of 6 areas and 28 Sites of Geological Interest;
each of the 6 areas contained between 4 and 8 unique features. This inventory was
published in 1991 and again in 1992, the publications in question being well
produced with 167 pages and colour photographs and illustrations.

In 1990, the County Council of Vizcaya published another collection, that included a
set of slides and dockets on the points of geological interest in the province. This
publication was developed especially for educational purposes and included 7 areas
and 32 sites.

In 1992, the Autonomous Community of the Region of Murcia put together an
inventory of points of geological interest, through the Regional Agency for the
Environment and Nature. This inventory was published that same year, and was also
included in the Atlas of the Natural Environment of the Murcia Region, recently
published by ITGE (the Geology and Mining Technology Institute of Spain) and the
Council for Land Use Policy and Public Works.

In 1990 ITGE drew up an extensive inventory of the points of Geological and
Biological Interest of the Province of León, in collaboration with the University of
León. This was published in 1995 in the Atlas of the Natural Environment of the
Province of León.

As regards experiences at municipal level, special mention might be made of the
work carried out by the City Council of Madrid during the period 1982-1984 on an
inventory of the geological and cultural heritage of that city’s municipal area. Certain
of this heritage are included in and protected under the city’s General Town Planning
Programme. The document used as a basis for that work was quite possibly the first
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inventory ever developed, known as the “Report on the conservation of Sites of
Geological and Palaeontological Interest in the Central Region” (1974), which was
included in the Special Plan for Protection of the Physical Environment of the Province
of Madrid.

Since the creation in 1995 of the Geological Heritage Commission of the Spanish
Geological Society, there have been various proposals for the development of
inventories and catalogues of places of interest, through the four national meetings
held to date. Mention might be made here of the inventory and catalogue
development work carried out in the Community of Aragón and the Province of
Málaga (Andalusia) and on the Ichnites of La Rioja. In 1998, the book “The
Geological Heritage of the Autonomous Community of Madrid” was published as a
result of the last of the aforementioned meetings. This work includes contributions
by various specialists and covers a wide range of subject areas.

The national meetings and international congresses organised by the Spanish Society
of Environmental Geology and Land Use Planning (SEGAOT) have also been
important sources of information. Since 1980, seven such meetings have been held,
with national geological heritage and environmental education being keynote issues
in all cases. The Spanish Palaeontological Society, through its Commission for the
Protection of Palaeontological Heritage, also carries out important work on the
development of inventories and methodological proposals.

CRITIQUE OF THE GENERAL METHODOLOGY OF THE INVENTORY

We should begin by pointing out that there is ample agreement among Spanish
specialists in geological heritage that the methodological concept used in the initial
phase (1978-1987) of the National Inventory of Sites of Geological Interest was a
good one. At international level also, this methodology was positively evaluated at
the First International Symposium on Geological Heritage, held in Digne (France) in
1991 (Elizaga et al., 1994).

Nevertheless, we feel that the methodology has a few minor defects that should be
improved upon.

Firstly, although they are mentioned in both the first and second stages of selection,
the scope of the criteria used to assess the points of geological interest is not clearly
defined and there is no indication as to the relevance of each. Obviously, any proposal
made in this respect will have a strong subjective charge to it, but such indications
would at least make it possible to establish a systematic and homogeneous approach
to selection and assessment criteria.

A second defect is the confusion existing as regards definition of the categories of
interest of the sites, depending on their use. The dockets used for identification of
such sites talk of tourism-related, didactic, scientific and economic uses, but do not
clearly define the meaning of such categories. Depending on the level attributed to
didactic use, for example, we might be closer to the broadcasting of information in
general (and consequently of use in tourism) or to teaching at university level (and
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consequently to scientific use). Furthermore, it is not at all clear what is meant by
“economic use” of the site. This might refer to exploitation for mining or extraction
activities (which would contrast dramatically with the objective of protecting the site
pursued) or to the possibilities of exploiting the site commercially, as a tourism or
recreational area.

A third defect to be corrected would require the inclusion of view points in the
Inventory. Such view points cannot be considered as Sites of Geological Interest,
because what is of obvious interest and warrants protection is what can be seen from
them. However, in order for such protection to be possible, it is necessary to
determine exactly the limits of the substantive area to be protected and its
administrative characteristics (ownership, rights of way, land use, etc.). This cannot be
established in terms of an area defined as covering “as far as the eye can see” from
a given location. Furthermore, it would be absurd to protect the viewing point
without providing the same protection for the landscape observed from it.

On the other hand, we do not go along with the criticism of the exhaustive nature
of the data-support dockets. The current design of these dockets allows exact insight
to be gained into the sites of geological interest included in the inventory, and avoids
the need for later visits, which are always more costly than simply filling in the
dockets. This is so because the dockets allow work to be performed in the office with
all the parameters characterising the sites, and make it possible to carry out tasks
relating to synthesis, informative publications, etc. It should be pointed out, however,
that certain of the dockets might usefully be slightly updated or redesigned,
especially the one used for forms of erosion and accumulation. This docket, which
characterises the extensive group of sites of geomorphological interest, does not
easily allow for the inclusion of forms as frequent as slope, coastal, structural or
polygenic formations.

Although it is true that major criticism cannot be levelled at the work performed on
the inventory prior to 1987, the situation is not quite the same for that carried out
since 1989. The path that was taken by the inventory due to its being included in the
MAGNA Programme for geological cartography (at a scale of 1:50,000), for
budgeting reasons, might affect its final results unless complementary measures are
taken. As has been commented on above, the second stage of the inventory is being
carried out by the teams in charge of the geological mapping of each area. This poses
the following problems, all of which are much more serious than those referred to
above in relation to the general methodology of the inventory:

1. The teams in charge of the cartography are not necessarily experts in heritage
protection issues, as a result of which there is no guarantee that the initial
selection performed is in keeping with the criteria contemplated in the general
methodology of the inventory. There is the risk of this selection being
accomplished simply for reasons of the spectacular nature or the beauty of the
landscape, or depending on the speciality of the cartographer.

2. Geological cartography work is usually restricted to a small block of sheets, this
leading to excessive segmentation of the area to be studied and to the loss of the
regional dimension in the inventory. This is important because such inventories

52



aim to select sites through which the geological history of the region in question
may be reconstructed and interpreted.

3. Although within each block of sheets the selection criteria will have been selected
by the local team in charge of the cartography, and will therefore be uniform, the
criteria might vary from one area to the next, due to their having been developed
by a different team. As a result, it is possible for the criteria used in drawing up
the inventory to change, even in the case of geographical areas located very close
one to the other. This is especially true if the people in charge of implementation
are not particularly sensitive to the philosophy of geoconservation.

4. Finally, it should not be forgotten that when the MAGNA programme has been
completed, 60% of the territory will still not have been covered by any inventory.
Consequently, the launching of regional inventory projects in all the areas not
covered by previous projects should not be ruled out.

THE LEGAL FRAMEWORK FOR THE PROTECTION AND CONSERVATION OF
GEOLOGICAL HERITAGE IN SPAIN

Another aspect to be taken into account when making proposals for future
development of inventories and catalogues of geological heritage is the legal
framework governing their protection and conservation. This is so because of the
possible implications for inventory development of the complexity of the Spanish
legal system as it relates to this field. To the coexistence of the basic State legislation
and those of the different Autonomous Communities is added an overlapping of the
legislation governing protected natural areas and that relating to archaeological
heritage, as regards palaeontological aspects. This means that coordination and
consensus efforts by the Geology and Mining Technology Institute of Spain, the
Autonomous Community organisations involved and the specialist geoscientific
community are essential.

The State legislation includes two laws that refer indirectly to geological heritage and
might constitute an instrument for their conservation and protection: the Natural
Spaces and Wild Flora and Fauna Conservation Act and the National Historical
Heritage Act.

Two articles are particularly important in the Natural Spaces and Wild Flora and Fauna
Conservation Act of 27th March, 1989:

Article 13.

1. Parks are natural areas which have been little altered by human exploitation or
occupation and which, because of the beauty of their landscapes, the
representative nature of their ecosystems or the unique value of their flora or
fauna or of their geomorphological formations, have ecological, aesthetic,
educational and scientific values whose conservation warrants special attention.
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Article 16.

1. Natural Monuments are spaces or elements of Nature, constituted basically by
formations of outstanding uniqueness, rarity or beauty, which warrant special
protection.

2. Also considered Natural Monuments are those geological formations,
palaeontological deposits and other elements of the Geosphere that are of special
interest because of the uniqueness or importance of their scientific, cultural or
landscape values.

Unfortunately, the articles of this Law make not the slightest reference to the Geology
and Mining Technology Institute of Spain as the Spanish Geological Service and the
competent organisation for research and cataloguing of the country’s geological
heritage. Nevertheless, the recent incorporation of the ITGE in the Ministry of the
Environment has significantly increased relations with the Directorate General for
Nature Conservation, and allows us to harbour expectations of closer collaboration in
the future.

As has been seen above, Art. 16.2 includes a specific reference to palaeontological
deposits as possible Natural Monuments. These appear also in the Spanish National
Historic Heritage Act, Law 16/1985, of 25th June, which duplicates the standards
having important consequences for palaeontological heritage.

In this respect, in the first article of the Act (Art. 1.2) it is stated that “the Spanish
Historic Heritage is made up of land and buildings and objects of artistic, historical,
palaeontological and archaeological interest, etc.

Section II, Art. 15.4 of the Act states that “a Historical Site is a place or natural area
linked to events or memories of the past, to popular traditions, cultural creations or
creations of Nature and the works of mankind that possesses an historical,
ethnological, palaeontological or anthropological value”.

Finally, Section V., Arts. 40.1 and 40.2, refer once more to the “geological and
palaeontological elements relating to the history of mankind and to his origins and
background” as part of the historic heritage, and consider archaeological excavations
to be those “that are carried out with a view to describing and researching all kinds
of historical and palaeontological remains and the geological components relating
thereto”.

In the wake of these two State laws, the different Autonomous Communities have
drawn up their respective regional laws, at different rates, complementing them in
some cases with specific protective measures supplementary to those contemplated
in the State legislation.
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THE GEOSITES PROJECT AS A METHODOLOGICAL REFERENCE FRAMEWORK
FOR INVENTORY DEVELOPMENT

It is important to refer to the situation existing outside Spain, in order to place our
possible future actions within an international context allowing us to move forward
jointly and in coordination with the other countries in our framework of reference.

Following the first tasks of coordination carried out by the “European Working Group
on Earth-Science Conservation” the 1st International Symposium on Geological
Heritage was held in Digne, in 1991. This event, along with the Declaration approved
at it, constitutes possibly the most significant call for international coordination and
cooperation, in the interest of more efficient conservation of geological heritage. The
transformation of the “European Working Group” into ProGEO (1992) constitutes the
starting point for efficient coordination, at least at European level. At world level,
consideration should be given to the work performed by the IUGS Global Geosites
Working Group. With UNESCO support, this work has led to the Geosites project,
whose methodology for the drawing up of a world inventory of sites of geological
interest should be borne in mind. This is not the place to detail the methodological
proposals made by the Geosites project (Wimbledon, 1996; Wimbledon et al., 1999).
Suffice it to say that the method proposed by this project is based on the
consideration of worldwide and regional events, areas and characteristics of vital
importance for understanding of the geological evolution of the planet. This is not
initially a search for specific representative examples, but rather for key geological
contexts in the geological history of the Earth, such as the main tectonic phases,
significant extinctions or the appearance of fossil species, morphogenetic systems,
metal/ogenetic phases or contexts, glacial phases, stratigraphic sequences, etc. The
definition of these “geological contexts” (“Frameworks” in the terminology used by
Geosites) is undoubtedly simpler (or better put, less complex) than the selection of
specific sites of “international interest”. The specialists in the different geological
disciplines, brought together through regional groups, are in a position to determine
which of the geological contexts that might be defined in each country are
representative and of real interest at world level.

Once the “frameworks” of each country have been established (many will be
regional or supranational in nature), it will be a simpler matter to select the most
representative sites and, using objective criteria for comparison, to propose those of
sub-national, national or international importance or interest.

PROPOSALS FOR CONTINUATION OF THE NATIONAL INVENTORY OF SITES OF
GEOLOGICAL INTEREST AND THE DRAWING UP OF A SPANISH CATALOGUE

This proposal is based on a pyramid-shaped model, developed from the performance
of systematic surveys and comparative studies of the different candidate geological
sites, as well as on assessment and selection by specific working groups set up for this
purpose of those of greatest merit.
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The Spanish Catalogue of Sites of Geological Interest, which will reflect all points of
geological interest of relevance at national level, should be drawn up using
scientifically sound and systematic methods allowing for objective analysis of the
situation from an overall view of the geology of Spain. Achieving this objective is of
sufficient importance that individual actions are not to be recommended, however
well intentioned they might be. The aim is not to fill a currently existing gap quickly
without due care or the necessary comparisons. The procedure used to develop the
Spanish Catalogue must be based on the culmination of previous intermediate
stages, using a standardised working system which has met with the general approval
of the geoscientific community.

As the Spanish Geological Service, ITGE must accept responsibility for the
performance of this ambitious project, coordinating and organising the necessary
contributions to be made by the geological community, represented by the different
universities and scientific societies and by its own work in drawing up an inventory of
our geological heritage.

The proposal for preparation of the Spanish Catalogue may be broken down into four
major blocks, based on a pyramid-shaped methodological structure and culminating
in the selection of those elements of the country’s geological heritage that have
sufficient merit to be included therein. Such inclusion will be based on having passed
a series of comparative studies and assessments which are an essential requirement
for the different elements to move upwards through the structure, from the initial
inventories to the regional catalogues, and from here to the national catalogue.

The first stage consists of developing a better and more precise definition of the
criteria to be used in classifying and assessing the geological heritage, and of
achieving widespread acceptance of this definition by the organisations and agents
involved in the inventory work. These criteria will be used in the subsequent stages
of inventory development and cataloguing. This stage is of enormous importance,
since all subsequent tasks must be supported by single, clear, understandable and
standardised criteria. For this purpose it is necessary to set up a specific working
group coordinated by ITGE and including members of the different scientific societies,
the administrations involved and the necessary subject area experts. Although a series
of approaches and methodological bases for the definition of these criteria has
already been developed (Various authors, 1996), this having been used by ITGE itself
in its inventory development work, it is essential that further effort be made in this
direction. A working group such as the one proposed is an optimum solution in this
respect.

Initially, the criteria to be considered might be grouped into three major types:
intrinsic value, potential for use and need for protection. These three criteria might
be as follows (modified by Various authors op. cit.):

a) Criteria of intrinsic value:

– Abundance/rarity/diversity
– Degree of knowledge or of research into the subject (national and

international significance in geological research)
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– Quality of contents within the context of natural history
– Usefulness as a model for the illustration of processes
– Diversity of elements of interest present
– Nature of location-type
– Association with archaeological, historic, artistic or ethnographic elements
– Association with other elements of the natural environment
– Degree of conservation

b) Criteria relating to potential for use:

– Possible activities to be performed (scientific, didactic, collection, tourism,
recreation)

– Conditions for observation
– Accessibility
– Proximity to human populations
– Number of inhabitants in the area
– Socio-economic conditions of the surroundings
– Degree of conservation

c) Criteria relating to the need for protection (possibility of conflicts, threats)

– Accessibility
– Surface area
– Proximity to human populations
– Number of inhabitants in the surroundings
– Actual or potential threats
– Possibility of removal of objects
– Situation in current planning
– Interest for mineral exploitation
– Value of the land
– System of ownership of the site
– Intrinsic fragility, vulnerability

The work to be carried out by this working group consists of defining assessment
criteria and the indicators for each such criterion, with a view to establishing
procedures and a systematic approach, allowing for as objective and standardised an
evaluation as possible of the elements of the geological heritage.

Another of the tasks to be performed by this working group would be the drawing
up of an open list of collaborators for consultation and surveys during the later stages
of the inventory and catalogue development process. These technicians and research
workers would be classified on the basis of their subject matter and regional
specialisation. Contributions by the different universities and scientific societies are
considered to be of fundamental importance for this work.

The second major stage consists of continuing with the development of inventories
of places or sites of geological interest, which would be undertaken by ITGE by means
of systematic surveys with specialists in the field, regional geologists, the scientific
community and Autonomous Community organisations. This stage would include the
reviewing of the inventories already in existance, both the national inventory drawn
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up by ITGE and the regional inventories carried out by other institutions. The selection
of the collaborators to be interviewed would be made easier by the aforementioned
list, and the survey would be performed on the basis of the established criteria. If the
classification established by ITGE since the 1970s for the influence-based assessment
of points of geological interest is used as a reference, these inventories would include
all the different classes: international, national, regional and local.

The objective of the third major stage is to draw up Regional Catalogues from the
inventories. The territory of Spain would be divided into a series of major geological
units, and for each a regional working group would be set up, with subject area and
regional experts. The work to be performed by each of these groups would consist
of comparative studies and assessments of the elements listed in the inventory
projects and developed within the geological and territorial area in question, with a
view to selecting those of greatest merit for inclusion in a regional catalogue.
Elements of the local interest type would be ruled out during this process. This stage
is necessary to establish the list of points of regional interest on the basis of
homogeneous and scientific criteria, regardless of whatever classification they might
have received in previous inventory development projects, performed without the
necessary overall view of the geological region considered.

The fourth and final stage consists of drawing up the Spanish Catalogue from the
Regional Catalogues, for which a specific working group would be set up. The task
of this group would be to carry out comparative studies and assessments of the
geological sites included in the Regional Catalogues, in order to select those that
really warranted being included in the Spanish Catalogue. This would be performed
without losing sight of the frameworks established in Europe as entities within the
IUGS GEOSITES project or the Spanish geological sites of international relevance
defined for this project (see next section). For this purpose specific sub-groups would
be set up for each of the frameworks, within the Spanish Catalogue Working Group.
The Spanish Catalogue would centre on places and sites of geological interest at
international and national level, using the classical terminology applied to date in
Spain, with the regional sites now removed during the screening process of the
aforementioned comparative studies and assessments.

Implementation of the methodological proposal presented here would imply a
relatively long and arduous process, which would take several years to complete.
Furthermore, the initially established criteria would need to be reviewed and refined
as the inventory development and cataloguing tasks were performed, with advantage
taken of the experience acquired.

PROPOSALS FOR DRAWING UP OF THE SPANISH LIST OF “FRAMEWORKS” OF
INTERNATIONAL RELEVANCE

In accordance with the methodology of the Geosites project mentioned above,
drawing up a list of internationally relevant geological sites of interest rests on the
previous preparation of a list of “frameworks” of worldwide transcendence. This
route implies a short cut, making it possible to provide a list of Spanish sites of
geological interest of sufficient importance to warrant integration into the
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international set of geological heritage, without the need to wait for the culmination
of the pyramid-shaped process described in the previous section. ITGE, as the Spanish
geological service, undertakes and active, catalysing role in this process, and has
drawn up a tentative list that will be submitted for discussion by all the university
geology departments and public research organisations. The objective is to present a
list of Spanish frameworks at the International Geological Congress to be held in Rio
de Janeiro in August 2000.

This tentative list might well be rather lengthy. The reason for this is that we have
preferred not to exclude initially any geological context that might be significant, at
least at European level. The advisability of reducing the final number of frameworks,
or not, is something that will be decided on following the discussions scheduled for
the forthcoming months.

The frameworks proposed by ITGE are listed below, classified by subject area and with
a brief descriptive comment on each:

Geomorphological frameworks

• Fluvial system of the Hesperic Massif

The Spanish Hesperic Massif contains magnificent examples of river systems
with characteristic morphologies and processes, such as superimpositions,
antecedence, Caenozoic epigenetic gorges, etc.

These morphogenetic systems are frequent on the rivers Sil and Miño, in the
scarps on either side of the rivers Duero and Tajo, etc..

• Atlantic Coast of SW Spain

The Atlantic coast of the provinces of Huelva and Cádiz, in south-western
Spain, constitutes a magnificent example of a low coastline, where a wide
series of active and dynamic coastal processes is manifested in a particularly
expressive manner: strong erosion of coastal sediments in certain areas – with
for example ancient fortifications now left tens of metres out to sea – intensive
sedimentary transport and a strong accumulation of sandy sediments on
beaches, coastal spits, active dunes, etc. The above, coupled to the existence
of extensive marshland systems at various locations along this coast, make it a
particularly interesting geological context for the study and modelling of the
palaeographic and palaeoenvironmental evolution of sandy coastal strips.

• Karstic systems in carbonates and evaporites

A significant fraction of the Spanish territory is made up of carbonate and
evaporitic formations in which numerous examples of karstic forms, many
outstandingly spectacular and beautiful, have developed. This is the case of
the “Torcal” of Antequera or the gypsum karst at Sorbas (Cordillera Bética),
the Mallorca karst (Balearic Islands), the Enchanted City “torcas”and
formations in Cuenca and the dolines of Teruel (Cordillera Ibérica), the Urbasa
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karst (Pyrenees) or the karst of the Picos de Europa (Cordillera Cantábrica).
These examples of current karstic processes are complemented by many other
Mesozoic and Caenozoic palaeokarstic manifestations that significantly enrich
the exposure and representation of this morphogenetic system in Spain.

Sedimentological frameworks

• Olistostromic units of the Cordillera Bética

The presence of Miocene olistostromes in the valley of the Guadalquivir has
been known for several decades and has been studied by numerous Spanish
and overseas geologists. The amplitude of the outcrops, the variability of the
materials involved and their importance in the reconstruction of the
emplacement of the Betic Cordillera more than justify the inclusion of these
units on the list of Spanish frameworks.

• Basin of the southern Pyrenean forelands

This geological context, of limited geographic extension, contains illustrative
examples of tectonic-sedimentation relationships, with significant lateral facies
changes and the sedimentary environment transitions characteristic of the
synorogenetic foreland basins. Given its didactic interest, the area is visited
every year by university groups, post-graduate students of sedimentology and
professionals from the field of oil prospecting, whose companies organise
advanced courses on the characterisation and geological modelling of oil and
gas accumulations.

Stratigraphic frameworks

• Lower and lower Upper Palaeozoic stratigraphy of the Hesperic Massif

The Hesperic Massif contains numerous stratigraphic formations from the
Cambrian, Ordovician, Silurian and Devonian, many of them complete and
fully fossil-bearing, where all internationally correlated biotic events are
recorded.

• Stratigraphic sections of the Cretaceous-Tertiary limit

In Spain there are various classical sections which are references at world level
for the K/T limit; some (Zumaya in Guipúzcoa or Caravaca in Murcia) are type
locations for numerous fossil species of a cosmopolitan nature.

• Continental Tertiary basins of Aragon and Catalonia

These are basins with abundant deposits of fossil mammals, which have made
it possible to establish continental stratotypes such as the Vallesiense,
Aragoniense and Turoliense.
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Palaeontological frameworks

• Stephanian Flora at Guardo and Barruelo

These small Carboniferous basins of the North of Spain contain, respectively,
flora pertaining to the transition from the Westphalian to the Stephanian
Series (Cantabrian, absent from the rest of Europe and North-America as a
result of uplift and erosion) and excellent outcrops with dry and wet habitat
flora from the middle Stephanian, allowing palaeoecological and
biostratigraphic comparisons to be made.

• Continental Cretaceous fauna and ichnofauna of the Iberian Peninsula

The Wealden facies of the Iberian Peninsula contain certain exceptionally well-
preserved fauna and ichnofauna deposits. Particularly outstanding are the
dinosaur ichnite deposits in La Rioja, with more than 8,000 prints located,
varying in size from 8 cm to 87 cm. There are also ichnite deposits in Catalonia,
Castilla y León, Aragon, Asturias, etc. Plants and some groups of vertebrates
also appear in association with these deposits, among which special mention
might be made of certain of the oldest bird remains on record in the world,
such as those in the lithographic limestones of Las Hoyas (Cuenca).

• Pleistocene hominid deposits

There are various Pleistocene hominid deposits on the Iberian Peninsula, some
of which, like those at Atapuerca (Burgos), are of key importance for study of
the evolution of our species, including the type location for Homo antecessor,
and a concentration of 75% of the world record of human fossil remains of
the middle Pleistocene, with the most complete known skeletons of Homo
heidelbergensis.

Petrological frameworks

• Neogene potassic volcanism in SE Spain

The south east of the Iberian Peninsula contains a cortege of volcanic
manifestations of shoshonitic and ultra-potassic (lamproitic) nature, related to
post-collisional extension of the Betic Cordillera during the middle and upper
Miocene.

The shoshonitic rocks include latytic and barcakytic types. The lamproitic (ultra-
potassic) rocks are represented by jumillitic, cancalitic, fortunitic and veritic
types. All are petrologically very rare and take their names from the towns in
the region (Jumilla, Cancarix, Fortuna and Vera).

Of additional interest is the presence of epithermal veins of quartz-alunite-
gold-sulphides generated by the hydrothermal activity of the aforementioned
volcanism in the Cartagena-La Unión district.
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Volcanological frameworks

• Volcanic edifices and morphologies in the Canary Islands

The Canary Islands are an exceptional observatory for study of the evolution of
oceanic volcanic islands because the volcanic activity is on-going, the relief is
very marked and observation is a straightforward matter. The island of Tenerife
provides the following characteristics of interest:

– The superimposition of various volcanic edifices throughout the island’s
geological history, to modern times (1909).

– The existence of a marked relief, intense erosive action and major shears,
allowing for the observation of deep cuts.

– The possibility of observing multiple morphogenetic processes, both creative
and destructive, and the resulting morphologies.

– The existence of a wide spectrum of volcanic materials belonging to a
petrological and structural oceanic island alkaline association.

– The existence of a detailed geological cartography (1:25,000) for the entire
island, along with a large amount of volcanological, petrological and
geochronological information.

– The existence of a National Park in the area surrounding the Pico del Teide.

Geotectonic frameworks

• The transpressive Variscan orogen of SW Iberia

The south west of the Iberian Peninsula is one of very few places in the world
where a complete section of an ancient collisional orogen, including its two
forelands, may be found preserved. From North to South, one may observe
exposed the internal dominions of the Iberian foreland, of Gondwanic affinity
(Central Iberian Zone), the external margin of the Iberian continental block
(Ossa-Morena Zone), oceanic elements (ophiolites) and sediments, interpreted
as an ancient accretionary prism developed at the southern active margin of
Ossa-Morena (Pulo do Lobo Zone), and, finally, a foreland corresponding to a
continental block (other than the Iberian), probably corresponding to the
southern margin of Avalonia (South Portuguese Zone).

The reconstruction of this sector is vitally important for understanding of the
vast Palaeozoic, circum-Atlantic orogenic domain that is currently distributed
between Europe, Africa and America, with a triple point of junction located
precisely in this southern Iberian sector.

• The Cantabrian arc of NW Iberia

This spectacular structure constitutes the core of the so-called Ibero-Armorican
Arc and is undoubtedly the most outstanding structural feature of the
European Variscan orogen. It shows an imbricated, supra-cortically arranged
pellicular structure of the first order, folded around a sub-vertical axis located
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to the East, where the outermost areas of the Iberian foreland are located
(Cantabrian Zone). From here to the West there is a practically complete
orogenous section, made up of a stack of thrusts verging eastwards and
including progressively outer units of the Palaeozoic continental margin of the
Iberian block (Cantabrian, Western Asturian-León and Central-Iberian Zones),
and finally the allochthonous complexes of Galicia and Tras-os-Montes.

The formation of the Ibero-Armorican Arc would have been the result of
collision between a promontory located at the northern edge of Gondwana
and the edge of Laurussia. The intense imbrication of the units would have
occurred in the frontal areas of this promontory (Cantabrian Arc), while at its
sides lateral escape of the units would prevail: counterclockwise to the SW
(transpressive Variscan orogen of SW Iberia) and inwards to the NE (French
Armorican Massif).

• Extensional geodynamics of the Betic Cordillera (SE Spain) mountains 

From the Miocene to the present the Betic Cordillera has been immersed in a
regional context of continental extension of great morphotectonic interest,
with spectacular processes of generation of both relief features and inner
depressions, especially in the provinces of Granada, Almería and Murcia.
Particularly outstanding is the presence of pelagic Messinian facies at 2,000
metres in height, edges of fan-deltas of the upper Tortonian-Pliocene, marginal
reefs, etc., which denote perfectly the evolution of the coastline with time.

Metallogenetic frameworks

• Volcanic-sedimentary complex of the Iberian Pyritic Belt

In this classical volcanogenetic province of the Iberian Pyritic Belt, measuring
250 by 50 km, there are more than 300 mineralisations and deposits of
polymetallic sulphides (Py, Cu, Zn, Pb, Au) and manganese, linked to
submarine volcanism of Tournaisian-Visean age, some of which (Río Tinto, La
Zarza, Tharsis) are of importance at world level, amply exceeding 100 million
tons of mineral.

The Pyritic Belt is interesting for many reasons: from the point of view of
volcanism in an extensional (transtensional) context within a global system of
converging plates, and of the concentration of mineralisations giving rise to
duplex structures during a subsequent transpressive regime.

• Basic post-Silurian volcanism of the Central-Iberian Zone

This basic volcanic episode of post-Silurian age gave rise to a series of mercury
mineralisations like those at Almadén (the greatest concentration of mercury
in the world and exploited for almost 2,000 years), El Entredicho, Las Cuevas,
Almadenejos, etc.

64



The mineralisations show a precise lithostratigraphic control (basal Silurian
quartzites) and are assumed to be sedimentary-exhalative in origin.

Other possible frameworks

Although possibly not transcendental at world level, there are other geological
contexts of interest, at least at European level, such as the Urgonian Basque
Cantabrian Complex (platform, reef and lacustrine limestones with
mineralisations of Zn-Pb and Fe), the Variscan and late Variscan volcanism of
the West of the Peninsula with its mineralisations of Sn, W, Nb and Ta
(Peninsular Western and North Western Tin Arc), the Evaporitic Basin of the
Ebro, the “rañas” and Appalachian relief features of the Montes de Toledo
(conserved Mesozoic-Caenozoic landscape), the Plio-Quaternary volcanic
palaeomorphologies of the Campo de Calatrava (Centre of the Iberian
Peninsula) and Olot (NE of Spain), or the dissection morphologies in
continental basins (structural reliefs and fluvial terraces of the Ebro depression).

CONCLUSIONS

A review of the twenty years of activity by ITGE in drawing up the inventory of
Spanish geological heritage leads to a series of conclusions, among which the
following warrant special mention:

– The need to revisit specific projects at regional level within the inventory, with a
view to addressing both areas as yet uncovered and those dealt with within the
geological cartography programme by way of an incomplete methodology, as
detailed above. The process proposed is pyramid-shaped and based on
comparative assessments and selections.

– The need to include in these specific projects certain methodological
improvements, especially the contributions made through regional application of
the IUGS Geosites methodology.

– Given the new Spanish structure based on Autonomous Communities, there is an
urgent need to coordinate the activities of ITGE with the regional initiatives in
inventory development possibly undertaken by the community administrations
and, in view of the existing legal framework, possibly included under the heading
of nature conservation or conservation of the historical-archaeological heritage.

The ultimate aim of this coordination should be to adopt a single methodology for
inventory and catalogue development, in order to ensure coherent and consistent
regional inventories.

– Finally, in view of the slowness of regional inventory work, and with a view to
drawing up a list of Spanish sites of geological interest whose special value
warrants their being integrated into the world set of geological heritage, it is
necessary to adhere to the methodology proposed by the IUGS Geosites project,
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beginning with the establishment of the Spanish geological contexts of
international interest. Over the coming months, the tentative list presented in this
paper should become a definitive list, following discussion by the scientific
community.
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INTRODUCTION

Sadly, many geoscientists fail to see the fundamental supportive role of geosite
conservation. Its role is to keep available the vital site resource that our community
needs for future research, as well as for education and training. In essence, it is a
simple principle, - no sites, no science. Geoconservation is essential to maintaining
the best of our geoscience heritage. It lags far behind biological/habitat conservation.
Administrators, often biologists, preoccupied with biological interests, tend to
overlook the conservation of geological sites and monuments, and it has to be
admitted that geologists are not good at ‘selling’ geo(morph)ology. It is thought,
mistakenly, that biological sites are always more vulnerable to change or threat than
geoscience sites, but biotic nature is at least capable of adjustment to change,
whereas for abiotic nature this is often not the case: many geological and
geomorphological monuments are frequently of finite extent, they cannot
accommodate to development or retain their intrinsic value, and they are completely
unrenewable. Neglect thus may threaten our best geoscience sites, and we all know
of cases of key national or international sites in our home countries which have been
lost or irreparably damaged. GEOSITES was started by IUGS in 1996. It is a project to
involve the geological community in geoconservation: its aim to provide a factual
basis (inventory and data set) to support any national or international initiative to
protect the geological resource, our resource for research and education. It is
intended to help to redress the imbalance in conservation. Its aims are not executive,
but are designed to mesh with national and geocommunity initiatives.

BACKGROUND

A debate has gone on in the last ten years over the possibilities for the inclusion of
geological sites in global conservation schemes and in the World Heritage List. In
Europe the debate has been strongest. At ProGEO –and IUGS and UNESCO–
organised workshops, the construction of interrelated global and national inventories
has been discussed. Specifically, a whole string of regional Geosite workshops have
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occurred in the last three years, in Johannesburg, Copenhagen, Vilnius, Beijing,
Stockholm, Krakow, Sofia, St Petersburg, Moscow and at the first two International
Symposia, at Digne and Roma. All have addressed the issue of how best to represent
the diversity and richness of our key geoscience sites. In addition, there have been
numerous national meetings. In organising such efforts Academies of Science,
National Committees, geological surveys and institutes, and national societies have
played, and will play, a key role.

In 1995, the International Union of Geological Sciences decided, subsequently with
the support of UNESCO, to promote a new project to compile a global inventory, and
related database. The president of IUGS wrote in 1996 to all national committees and
affiliated bodies to enlist their support for the project. For the geological community
such a database could have many other uses besides conservation. IUGS has set up a
specific, new Global Geosites Working Group to undertake the work, and to promote
any international efforts which facilitate the conservation of geoscience sites and
terrains.

IUGS’s Global Geosites Working Group (GGWG) has the following published terms of
reference :

1) To compile the Global Geosites list
2) To construct the Geosites database of key sites and terrains.
3) To use the Geosites inventory to further the cause of geoconservation and thus

support geological science in all its forms.
4) To support regional and or national initiatives aiming to compile comparative

inventories.
5) To participate in and support meetings and workshops that examine site selection

criteria, selection methods or conservation of key sites.
6) To assess the scientific merits of sites in collaboration with specialists, research

groups, associations, commissions, subcommissions etc.
7) To advise IUGS and UNESCO on the priorities for conservation in the global

context, including World Heritage.

Geoconservation is an international responsibility. All geologists and related
professionals, and all organisations, have a part to play in protecting this heritage.
Geosites and geology are not confined by national borders; geology (and geologically
controlled landscapes) crosses them. Also, the best sites - in the Morrison of the USA
with its dinosaurs , for the Lower Palaeozoic of Bohemia, in the Pleistocene sequences
of Calabria, in the Burgess Shale of British Columbia, or the Karoo vertebrates or
Bushveld igneous, hominid sites of Iberia or etc etc - have regional and often even
global significance, and sites in such areas have importance and relevance for all.
Unlike biological conservation, geology has lacked a mechanism to recognise and
justify the most important elements internationally - those of the greatest value to the
science. Though geo(morpho)logists could be argued to have a far better and more
objective, and therefore more balanced, understanding of the resource as it exists in
space and time. Geology has been a coherent science for two hundred years, and
from William Smith, Cuvier and Hutton onwards it has been a site-based endeavour.
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The objective of GEOSITES is to select an international list of the most important sites
for geological science. The Second International Symposium on Geological
Conservation in Roma in 1996 saw the first discussion of the Geosites project. And
the setting out of principles and guidelines (Wimbledon et al. 1998) to make such
selections. This was the first such an attempt to move towards an effective and widely
useable methodology, that could be applied in all countries, despite their varied
approaches to geoconservation. 

The principles and guidelines set out at the Roma Symposium try to unite a new
science-based comparative method with objective national approaches, and apply
them to selecting scientific sites worthy of international recognition and protection.
The mechanism for constructing country frameworks for selection was tested at the
Belogradchik, Bulgaria workshop in 1998. It is now for countries to recognise their
frameworks and start to select sites and areas, following the guidelines and
framework method.

Geosite Milestones:
1995 SE Europe regional workshop in Sofia discusses strategy
1996 IUGS President writes to all National Committee announcing Geosites

project
1996 First workshop on Geosites at Second International Symposium on

Conservation of the Geological Heritage. Roma, June. Criteria established
for site selection.

1996 Geoconservation workshop at IGC in Beijing
1997 Geosites database workshop in Tallinn, Estonia.
1997 First African Geosite/World Heritage workshop GSSA Johannesburg,

September
1998 Belogradchik ProGEO conference, Bulgaria: Geosite IUGS - UNESCO World

Heritage workshop. A draft European Geosite list compiled and discussed.
1999 Geosites workshop at Third International Symposium Madrid, November

In 1998, the World Heritage Centre of UNESCO provided substantial financial support
for the Geosites workshop at the European Symposium held in Belogradchik under
the auspices of the ProGEO and the Bulgarian Academy of Sciences. In 1999,
successful talks have been transacted between the International Union for the
Conservation of Nature and IUGS, and a formal concordat achieved on mutual
support has been reached between the two unions; with IUGS mustering its unique
geoscience expertise and assisting the World Heritage functions of IUCN through
means of the GEOSITES project.

HOW DO WE IDENTIFY THE BEST GEOLOGICAL SCIENCE SITES?

Geology, as represented in a scientific site-based resource, is vast: its scope in space
and time is difficult to comprehend. Anyone considering the conservation of sites
runs headlong into this complexity. To quickly find the key sites internationally is “like
trying to find a needle in a haystack”. Even if one is simply trying to label sites as “of
international importance”, consideration of priorities is unavoidable. Geosites, a
systematic approach, is therefore an absolute necessity. This is because there is no
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superficial, quick, way to find the priorities. There has to be objectivity. There has to
be a systematic consideration and understanding of the resource. It was recognised
at the outset in 1996 that much more data and well-directed and focussed
judgements were required before any significant progress could be made. This is the
only possibility, if there is to be truly objective consideration of proposals of geological
sites. It is impossible to look simultaneously at all categories of site in all geographical
areas. Therefore the guidelines promulgated at the Roma meeting are essential (see
Appendix 3).

There is no possibility to say, a priori, that a site is special or unique: that must be
judged in an objectively identified context, not in isolation. We no longer attempt to
spot isolated so-called special’ localities: we start by looking objectively at a
comparative framework. The criteria for this are discussed below (see section
Guidelines and principles). Therefore, before any site can be selected, the setting
(country or region, has to be examined. The important settings/frameworks need to
be identified.

METHODOLOGY APPLIED

There in a voluminous geological literature, which has been developed over 200
years. There is a community of geologists, geographers, geomorphologists and other
specialists with an interest in the science and in the conservation of sites of interest
to science, and therefore society. That community of scientists should recognise that
it has a vested interest in protecting key sites. It does.

The methodology defined at the Roma Symposium has since been applied and the
process of translation into languages other than English begun (e.g. Svetovna
geoloska dediscina: Geosites. 1998), and applications undertaken in the light of
national circumstances (e.g. Ukraine: Ishchenko, Gerasimenko, & Wimbledon, in
press). It should be remembered that the canvas is not blank: many countries already
have refined site inventories (e.g. Lithuania, Poland, UK, Belarus, Sweden). The
method employed in Geosites is to identify what is special and representative in the
geology of each country. Looking at a country within its regional setting. Before
selecting a single site, we look to identify those features (time, topic, geographical or
geotectonic units) that are essentially and outstandingly characteristic of a country or
a region. That might mean the extended Pleistocene loess stratigraphy of China or
fossil soils and loess of Ukraine, the granite landscapes of Macedonia or Zimbabwe,
or the Jurassic fossils of England or the late Cenozoic volcanicity of Italy.

The pilot work on criteria and also framework construction have been taken forward
using the ProGEO European liaison network and its member-country national
representatives. As examples, Ukraine has shown the effective use of national
geological and geographical committees to start the process of framework definition,
and Yugoslavia, for instance, has given a good lead in showing how to form small
and effective specialist groups, under a national leadership. Colleagues in Poland are
working in specialist subgroups to revise their lists based on an existing refined
inventory. British colleagues have been early to publish on the approach and
suggested UK frameworks (Cleal et al., 1999). This publication and invitation of an
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open debate is the approach which is favoured for the project in each country.
Regional groups have started to both identify their frameworks, within which to
select, and to make choices of sites or areas (e.g. Johansson et al. 1998). Such
identification processes will operate through two mechanisms : one by national
groups and regional groupings of country participants, and secondly through
specialist contributors providing a wider international perspective, on, for instance,
fossils or minerals, or the history of science. The support of a number of such
specialist bodies has already been sought and agreed, including the Commission on
Stratigraphy and INHIGEO, for instance. Many specialists can support national efforts
in other countries. One preliminary global framework, that for Palaeozoic fossil
plants, has already been published for consultation (Cleal 1996). Such geosite inputs
provide a focus for cross-border collaboration, and an actual mechanism to assist and
push the process of site identification in the countries.

The relation of the June 1998 Belogradchik, Bulgaria workshop** on frameworks
(Ishchenko et al., 1998), and of the Geosites methodology in general, to World
Heritage may be summarised as follows 

IUGS Geosites work (stages 1-4 and 6) makes possible the robust justification of
Geosites regional and global inventories and, in a parallel and overlapping process,
may eventually be used to form a factual basis for wider initiatives, including WH site
selection in the countries (5 and 7). International judgements of many kinds may
issue naturally as a consequence of Geosites site assessments, and geosite work is in
itself a subset and natural corollary of national geoconservation activity. Geosites can
feed data and justifications into World Heritage.

Geosites works through constituent regional working groups, and these are given
legitimacy by country inputs: from national committees, agencies, geological surveys.
The method employed in Geosites is to identify what is special and representative of
each country within its regional setting. Before selecting a single site, we look to
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identify those features (time, topic, geographical, geotectonic etc.) that are essential
characteristics of country or regional geology (see Appendix 1).

Appended, as examples, are widely-separated country framework lists (Ukraine,
Greece and UK). These were presented at the Bulgaria Geosite workshop. These
examples show the level of interest of the framework elements, frameworks of wider
geoscience significance, as well as how they are classified within Geosite categories.
The approach will be to compare these framework with lists of adjoining countries in
the regional working group, for NW Europe or the Balkans respectively, and to
rationalise the country list and the lists of adjoining countries. Then the task of geosite
selection starts. And sites will be fitted into their frameworks. As the first example of
this, Appendix 4 shows this second step, a provisional comparison of a few Geosites
(within frameworks) between Finland and Sweden. Thus we present three examples of
the initial step (Appendix 1), the construction of generic frameworks, and also
exemplars of step two - compared lists of actual geosites (Appendix 4).

The way forward now for Geosites is to spread an understanding of the
methodology. The comparative evaluation of Geosites on a global scale is starting to
take shape, but only starting. Preparatory work on criteria and frameworks has been
done. For Europe we have a first draft list, to provoke a debate (Ishchenko et al.,
1998). Each country now needs to definitively establish its tectonic and
stratigraphic/time frameworks through a process of refinement. This will show the
essential elements that are regionally significant. Then, second, comes the job of
selection of sites, as in the Finland/Sweden example.

PROGRESS SO FAR: FIRST COUNTRY STEPS

The GGWG in effect is constituted of, and operates through, regional working
groups. These are made up of national representatives and specialists. In the initial
stages of Geosites, lessons have been learned as pilots have been run, for instance,
testing criteria in Europe, where geoconservation is more advanced. In Europe,
several regional groups are in operation (North. SE, Central, Southern and Russia).
Last June, at the Bulgaria ProGEO conference, the workshop met to consider a first
draft list of frameworks, the essential building blocks, for European countries. There
was discussion of this approach, and how this could meet the challenge of making a
site coverage for Europe. Each country is now opening its list of frameworks to peer
review and fuller internal discussion. In Italy the ProGEO Italian group has the
responsibility of coordinating that work.

An important element of the Geosites method is that it depends not on suggestions
of sites by individuals or a single agency within a country or external suggestions, but
on selections agreed by all interested parties (and vetted ultimately by the IUGS
national committee). This is an open consultation process. Groups, national and
regional, are defining their framework elements, within which to make site
selections. National lists for discussion have been and will be published. Some groups
have studies on amplification of the basic criteria running, including through a
number of national (Russia - Lapo, in press) and regional workshops (NW Europe -
Johansson et al., 1998; Central Europe - Alexandrowicz, 1999). 
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In selecting sites we have to find a way of overcoming and seeing through the
complexity of the geological record. Many countries have some form of inventory,
many do not. Few, if any, have comparative assessments of sites. In practical terms,
the work of Geosites will be done in the countries and also through specialists
groups.

For any country, depending on the nature of its geology and landscapes, we might
identify special elements which must be demonstrated: they might, for instance, be
ice limits, stratigraphic stage boundaries, the devel opment of a volcanic province or
an orogenic arc, a set of meteorite impacts. The ice limits from Pleistocene glaciations
in the Nordic countries were early identified as a special framework topic for
investigation. One framework related to climate change and stratigraphy. In all
countries there is now a need for a group to take the work forward. A National
Committee, in Europe the National ProGEO group, or a group specifically convened
to address the Geosite task. Each needs enough specialists from relevant disciplines
so that the load is effectively spread and the best advice is obtained. This system is
already operating in a number of countries (e.g. Alexandrowicz, 1999).

Stages to be followed in the Geosite process:

1) Form (or co-opt) a national group. 
2) Invite general participation of geologists and other specialists in the country.
3) Identify country frameworks, and consult
4) Select first geosites in each framework.
5) Publish geosite lists and consult.
6) Revise lists and framework.
7) Compare in collaboration with neighbour-country colleagues.
8) Obtain a cross-border balance.
9) Publish and consult on regional geosite lists.
10) Finalise geosite list.
11) Document selected sites, and register them in the Geosites database.

The work done in preparation for and at the Belogradchik, Bulgaria conference,
compiling a draft list for European country frameworks, was the first such work ever
undertaken. It will be some time before valid comparisons and grading are possible
on any scale. But the process has started. The pilot work has been done in Europe.
After Europe, the priorities next are, in particular, Africa, and western and eastern
Asia. Coming workshops in South Africa and Kazakhstan will be key steps to
progressing Geosites.

PRINCIPLES AND GUIDELINES, ‘CRITERIA’, FOR GEOSITE SELECTION

The original Geosite “principles for assessment” and “guidelines for selection” were
promulgated at the Roma Symposium (Wimbledon et al., in press). They are repeated
herein in Appendix 3. They are familiar to those concerned with site assessment in all
its forms at national level. Allowing only for variations of terminology, they are
familiar to many, they are not unusual, let lone unique, and have general utility, and
are not affected by nor do they affect national or local practices. 
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Ishchenko and Gerasimenko (in press) usefully elaborated and discussed criteria for
the selection of Geosites. These are summarised below.

The established Geosites method relies on use of a comparative and contextual
matrix for site assessment. This provides a means to select the most valuable
representative sites and areas, and these are intended to demonstrate chosen aspects
of the geological heritage in their own spatial (time/space) or genetic
(process/typological) patterns. But it is necessary to have criteria which allow one to
evaluate sites of the same type, or to select sites which occur with others within a
genetically homogenous area.

The Roma guidelines and principles stressed four important things, as a control on
the selection mechanism for sites and terrains proposed as Geosites:

1) That the special, typical or unique features in space and/or time should be
demonstrated in the proposal for a site.

2) The representativeness of a site in the geological column as a whole should be
demonstrated.

3) A candidate should have an assessment within a named context (time/space), so
that infomed judgements and comparisons with other candidates can be made.

4) Sites with complex records, a long history of research etc., are to be preferred as
candidates (but new and unexploited sites were certainly not ruled out)

Geology as a science involves classification as a tool for understanding, but its main
thrust is overridingly interpretive. Geoconservation is concerned similarly not with
classification and comprehensive reperesentation of types, this would be sterile, butof
natural themes, and a balanced understanding of the resource and its science. This
understanding allows selection of the key sites, as evidence of the events and
processes in geological time, and their three dimensional repesentation in that
continuum.

The ‘criteria’ are as follows:

REPRESENTIVENESS is the first universal criterion proposed for the GEOSITES
methodology. A geosite to be selected should represent the most complete and
expressive manifestation of a geo(morpho)logical phenomenon of a certain category
within a spatial-genetic pattern, and should allow the most comprehensive
understanding of the nature and origins of the phenomenon. Categorisation is not
key, but contextual relevance is. Sites are to be viewed in a context and not in
isolation. The natural, but often subjective, and biased, tendency to select the ‘ best’’
site (see SPECIAL and UNIQUE below) must be subordinated to the need to be
objective and systematic, and to reflect natural geodiversity. Otherwise, though some
important sites will be selected, many others, vital to represent natural patterns, will
be without recognition.

The criterion of being typical is more appropriate for assessment at a national or
subnational level, in order to show the most common pattern of an area, for practical
or scientific purposes. A typical site may not be very representative, and may not
necessarily contribute a lot to the general understanding of related phenomena or a
spatial-genetic pattern, considered in a wider regional or global setting.
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The criteria of being SPECIAL or UNIQUE are closely connected. Actually the latter is
an extreme manifestation of the former. Though it has to be said that no two sites
are alike, and in that sense all may be said to be unique. (Specialness depends on the
size of the area of search most of all, and even the most parochial of surveys will
identify reputedly unique and special sites. It is necessary therefore to look at wider
patterns and larger search areas.) The specialness (uniqueness) of a site can depend
on different indicators: on quantitative parameters (thickness, depth, height, size,
frequency –e.g. microfossils–, concentration –e.g.metals in ores–, rates of change
–erosion, deposition–); or on qualitative parameters (an especially complete
stratigraphic succession, unusual admixtures of mineral assemblages, or paragenesis,
special combinations of fossils, soil processes, chemical signature for significant
volcanic episodes); on spatial-temporal indicators (first, last, age range, appearances
–e.g. first appearance of boreal floristic complex, a datable transgressive event, oldest
crystalline rocks, youngest cryogenic features, last-dated Mousterian cultural
elements–, or a disjunctive distribution for a species, opening of a plate suture). This
criterion is important both on a national and a global level. A site, representative for
a geological province, can be regarded as a special site in this category at a global
level. One of the aims of a national contribution to the global inventory is to show
different (special) patterns for a global category, demonstrated within the
tectonic-geological provinces of a national territory. Sites, unique on a national level,
may not be so at a global or regional level, whereas others are representative at a
national level, but unique in a global context. The last are particularly valuable for a
global inventory (and significant).

The criterion of SUITABILITY FOR CORRELATION is important, since sites selected on
this basis demonstrate reliable evidence of temporal-spatial connections between the
different ‘cells’ of a tectonic-geological framework, and they allow the justification of
wider, global/regional, significance. The correlated objects themselves may not
necessarily be very representative, but are typical in their setting. Reliability and
usefulness of their correlation is the significant criterion of evaluation for such sites.
The most valuable geosites are those that enable interregional correlation. So,
chronostratigraphic stratotypes, or biozonal type localities, for instance, must always
have wider significance than lithostratigraphic type localities or most type localities
for species (fosil or mineral).

The criterion of COMPREHENSIVE MULTIDISCIPLINARY STUDY is essential as a tool for
a well-reasoned justification of a site’s nature, origins and attributes, and of its place
in a contextual-comparative framework, especially globally or regionally.

The criterion of AVAILABILITY AND POTENTIAL is a necessity because of the practical
needs of the science, for further study to occur, and re-study, and so that the site may
be used as a standard for some geo(morpho)logical phenomenon, as well as for
educational and other cultural purposes.

These two last criteria are not leading ones, since they are preconditioned not by the
intrinsic features of any site or monument, but by a human concern in them. Site
evaluation employing these criteria is not constant, depending on the development
of scientific and practical necessities.
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Criteria of COMPLEXITY AND GEODIVERSITY may operate in the consideration of
specific problems encountered when assessing complex geosites and geosite
complexes. Due to the mutual impact of endogenic and exogenic (rock, and
landform) geological processes, most sites are complex and polygenetic in their
essence. This fact is further complicated by human socio-economic and
aesthetic-cultural attitudes to some geological sites, and this add s to them other
complexities and multi-faceted values. For instance a stratigraphic site, a single
exposure, can be at the same time palaeontological, sedimentary, geochronological,
palaeoenvironmental, petrographic, and historic-geoeconomic, and be the place to
identify a time-stratigraphic unit. A geomorphological site, e.g. a river terrac,e may
be at same time be a neotectonic feature, and if it is cut through have stratigraphic
significance, and under the right circumstances could be a geoarchaeological (e.g.
palaeolithic artefacts) or geological cultural-historic site (geoethnographic, aesthetical
or for the history of science). To relate such a complex object to a certain site type for
assessment in a regional setting needs firstly an evaluation of each of the site’s
substantive interests, viewed in the context of national comparative-contextual
frameworks. So, the first step is to look at the contextual frameworks, rather than to
look at all the interests of all the sites. The next step is to select those aspects in
complex sites which are the salient ones, the most outstanding as against less
important factors. This would show for which categories a site is most representative
and this will trigger its nomination. The representativeness of a site in the specified
category is a main criterion for further assessment. But under conditions of
approximately equal grading, using this criterion, a more complex site should be
preferred and be selected.

As mentioned, terrains exist which are characterised by a high concentration of
geosites of different types - individual locuses in the Global Geosite methodology
(Wimbledon et al., in press). A geosite complex might also demonstrate a unique
interesting combination of different kinds of sites. As an expression of different
patterns of geodiversity, such terrains are invaluable in their own right. They can be
regarded as a special category - locuses of geodiversity. This category is quite different
from the categories published in the original Geosite classification. For those we use
methods of analysis of individual interests and data: for the locuses of geodiversity
we use syntheses of records. At present the standard site/locus category used in the
original Geosite classification is more important for geosite selection and protection,
while the connected criterion of geodiversity can be used as a supplementary for the
purposes of assessment. Each subject component of a site locus is judged individually,
divorced from all background ‘noise’. But its score may be heightened by the fact that
it also plays a role in the demonstration of geodiversity. 

ACTION

The way forward is:

1) to extend the network of involved specialists in each country, to form groups of
contributors, involving workers to cover all necessary geological and
geomorphological topics;

78



2) to identify frameworks, the vital elements of the geology of the country (or
region) - those salient and important features, large and small, which must be
demonstrated;

3) to select Geosites - sites and areas chosen to exemplify these frameworks, or
important parts of them;

4) to use the standard recording format (see Appendix 2) to start to document the
preliminary site/terrain selections.

Our international geosite heritage is essential for science and education, and it is the
shared responsibility of all geoscientists. All with an interest are asked to participate
in GEOSITES, a collaborative effort to document the best of that irreplaceable
resource.
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APPENDIX 1:

United Kingdom

Stratigraphic 
Quaternary Thames Pleistocene terrace stratigraphy gravels/interglacial

Weichselian ice limits S. Wales

Anglian (Oxygen Isotope ‘Stage’ 12) ice limit/tills Cromerian
interglacial Norfolk

Saalian (OIS 6-10) sequences River Thames

Late Pleistocene interglacial/glacial cave/beach sediments
(Saalian-Weichselian) S. Wales

Late Pleistocene interglacial (OIS 7, 5e) raised beaches S. England,
Cornwall, S. Wales

Phanerozoic Cambrian type area north Wales, SW Wales

Ordovician (Arenig, Llanvirn, Llandeilo and Caradoc) type area
Wales

L. Silurian (Llandovery) stratotypes S. Wales

Silurian reef, shelf-basin transition, classic Ludlow-Wenlock
sequences Welsh Borders

Type Devonian (marine) carbonates and clastics Devon Old Red
Sandstone stratal Wenlock-Ludlow sequences Welsh Borders

Type Devonian (marine) carbonates and clastics Devon Old Red
Sandstone stratigraphy/lacustrine and fluvial environments,
Orcadian basin and S-W.Wales

L. Carboniferous Limestone of Pennines and paralic sequences of
S. Scotland

U. Carboniferous Millstone Grit deltaic systems Yorkshire,
Derbyshire and Lancashire

Best U. Carboniferous coal-measures in Europe, S.Wales

U. Carboniferous regional boundary stratotypes 

Basal Jurassic marginal marine facies and basal unconformity,
Wales

L. Jurassic, classic marine Hettangian-Toarcian, west Dorset

Aalenian-Bajocian condensed marine sequences Dorset etc

Oxfordian, Kimmeridgian and Portlandian of Dorset, stage
stratotypes

U. Carboniferous Coal Measures in coastal sections, undeformed
by Variscan Orogeny, NE England

U. Carboniferous red beds, marginal coals and tectonic controls
of sedimentation W. England

Late Permian Zechstein Sea deposits, evaporites etc NE England

Triassic-Jurassic boundary beds Somerset-Vale of Glamorgan
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Permian-Triassic red bed sequence of Devon coast

Jurassic-Cretaceous marine/non-marine transition beds
Dorset-Wiltshire

L. Cretaceous type Wealden, stratigraphy and fluviatile and
lacustrine environments of Weald

Sub-Albian regional unconformity Dorset-Devon

U. Cretaceous Chalk SE England 

Early Tertiary Hampshire-Paris basin

Basal Tertiary Kent

Proterozoic Late Proterozoic red beds (Torridonian ) NW Scotland

Archean Archaean/Proterozoic Lewisian (Scourian and Laxfordian), NW
Scotland 

Palaeo Late Triassic desert wadi fills S. Wales

environmental Latest Jurassic most complex marginal marine/non-marine
Wiltshire

Palaeontological Late Silurian agnathans Lesmahagow

Early vascular plants, and major land plant radiation, Late
Silurian-Devonian, Old Red Sandstone S. Wales

Old Red Sandstone agnathans/fish, Orcadian Cuvette, Welsh
Borders

Lower Devonian petrified 3D flora, ‘insects’

Lower Carboniferous plant petrefactions, fern and gymnosperm
evolution, S. Scotland

Upper Carboniferous Coal Measure, best Westphalian plants S.
Wales

L. Carboniferous fish, first reptiles S.Scotland/Midland Valley

U. Carboniferous Coal Measure insects faunas, W. England/S.
Wales Elgin Triassic mammal-like reptiles

Oligocene insect faunas Hampshire basin

Fissure faunas/floras late Triassic, first mammals worldwide

Late Triassic insects W. England

Early Jurassic marine reptiles, insects

Middle Jurassic plants central-eastern England, best worldwide
Middle Jurassic mammals faunas, S. England, richest worldwide

L. Jurassic-Early Cretaceous mammals, reptiles, insects Isle of
Purbeck

Wealden plants, classic L. Cretaceous floras, and insects, Weald

L. Cretaceous Wealden dinosaurs Isle of Wight
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Cretaceous insects in amber, Isle of Wight

Paleogene best paratropical rainforests, floral collapse with
cooling London/Hampshire basins

Igneous, Tertiary lavas/intrusions Inner Hebrides, opening N.Atlantic

metamorphic and Permo-Carboniferous volcanic vents Edinburgh

sedimentary Lizard ophiolite, melange, mantle rocks, pillow lavas etc. from
petrology, Hercynian Rheic ocean sea floor

textures and Devonian-Permian igneous SW England, post-orogenic granites

structures, Ordovician-Silurian volcanics, south side L. Palaeozoic lapetus
ocean

Mineralogical, Metasomatic mineralisation post-granite, tin etc Cornwall

economic Polymetallic ores in Triassic sandstones NW England

Structural Variscan front structures S. Wales

Variscan tear faults, major S. Wales disturbances

Geomorphological Chesil beach major tombolo landform

features, Erosional structure/lithology-controlled coast E. Dorset

erosional and Rias west Wales, Devon/Cornwall

depositional Cuspate foreland Dungeness

processes, Granite tors Devon/Cornwall 

landforms and Giant’s causeway

landscapes 

Astroblemes 

Continental or Subduction at S. edge of Iapetus Ocean, accretionary prism, S. 

oceanic-scale Scotland

geological features, 

relationships of 

tectonic plates and 

terrains

Submarine

Historic, for Huttons section, Salisbury Crags, Edinburgh

development of Classical unconformities e.g. de la Beche’s unconformity 

geological science. Jurassic on Carboniferous described 1822

Portrush fossiliferous Lias/ Tertiary intrusions, settled
neptunist:plutonist debate
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Hutton 1795 angular unconformities S. Scotland

S.S.Buckman condensed M. Jurassic S.England

First described pre-Tertiary mammal sites S. England

Greece

Stratigraphic 

Quaternary Neogene-Pleistocene tectonically controlled sequence: mixed
marine, lacustrine and fluvial

Phanerozoic Plattenkalk sequences of Crete

First flysch of orogenic significance

Pre-Alpine basement sequences

Eocene-M. Miocene molasse (Rhodope, Mesohellenic and Axios
troughs)

Small molasse basins (West and Cyclades)

Proterozoic 
Archaean 

Palaeo- Messinian salt crisis, evaporites and petroleum ores
environmental Lignitiferous basins (Miocene, Pliocene, Pleistocene) and faunas

Palaeobiological Late Miocene mammal faunas

Igneous, Volcanic arc S. Aegean

metamorphic and Ophiolite complex, deep-w. sediments, Iro & Ero sequences 

petrology, sedimentary 

textures, events Volcanics of earlier arcs

and processes 

Mineralogical, Bauxite and aluminium ores
economic Igneous associations with Au, Ag, Fe, Pb and Zn

Structural 

Geomorphological, Marine terraces, sea level change controls 
features erosional 
and depositional 
processes and 
landforms and 

landscapes 
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Astroblemes 

Continental or Isopic zones reflecting geotectonic regime and palaeogeography
oceanic-scale 
geological features, 
relationships of 
tectonic plates and 
terrains

Submarine

Historic, for 
development 
of geological 
science.

Ukraine

Stratigraphic 
Quaternary Loess-palaeosol sequences, M&S Ukraine

Glacial-loess sequences, N Ukraine

Marine-loess sequences, Kerch region 

Dnieper (Saalian)glacial sequences, N Ukraine

Oka (Elsterian) glacial sequences, W Ukraine

Fossil peatbogs of Likhvin (Holsteinian) W Ukraine

Fossil peatbogs of Mikulino (Eemian), Dnieper region

Chernozem soil types (world standards)

Phanerozoic Vendian-Devonian, Podillya 

Silurian - Devonian boundary beds, Podillya

Devonian sequences, Donets Variscan massif

Carboniferous sequences, Donets massif

L. Permian sequences, Donets massif

Triassic sequences, Donets & Carpathians

U.Triassic flysch, Crimea

L-M. Jurassic sequences, Donets & M. Dnieper

U.Jurassic and L.Cretaceous, Crimea 

L. Cretaceous, Podillya

U. Cretaceous, Volyn, Donets and Novgorod-Siversky

U. Cretaceous flysch, Carpathians

Paleogene sequences, Carpathians & Crimea 

Eocene sequences, Dnieper-Donets region

Oligocene sequences, Carpathians & Dnieper-Donetsk 
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Miocene, Precarpathians & Dnieper

L. Miocene, Ternopil-Dniester

Middle Miocene, Precarpathians 

Miocene-Pliocene, Konka region

Marine Pliocene, Kerch region

Pliocene marine-continental correlation, Odessa region 

Continental Pliocene, Crimea

Proterozoic Granites, basics & ultrabasics, Ovruch, Korosten & Priazovye 

Lower Proterozoic granites of Kirovograd-Zhitomir complex 
Lower Proterozoic diorites and gabbro-norites of Osnitsa complex 

Archaean Granites, charnockites and gneisses, Ukraine crystalline shield

Iron ores, Saksagan’ massif 

Palaeo-

environmental Upper Silurian reef system, Poldillya

Carboniferous forest, Donetsk massif

Permian reef system, Donetsk massif

Permian and Triassic fossil soils, Donetsk massif 

Eocene brown coal, Kirovograd

Miocene reefs, Podillya & Crimea

Dnieper (Saalian) erratics 

Palaeobiological Vendian algae, Podillya

Late Silurian plants, Podillya

Devonian plants, Podillya 

Carboniferous and Lower Permian biotas, Donetsk massif

Lower Jurassic biota, Donetsk massif

Cretaceous biotas, Volyn’-Podillya, Donetsk and
Novgorod-Siversky regions

Paleogene plants, Kirovograd

Paleocene fauna, Cherkassy region

Eocene molluscs, Zadonets region

Paleocene fauna, Dnieper-Donets region 

Eocene-Oligocene biota, Middle Dnieper 

Miocene plants, Zaporizhya, Ternopil & Kirovograd

Miocene fish, Precarpathians

Pliocene biota, Odessa catacombs

Early Quaternary mammal sites, Prichernomorsk region
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Middle Quaternary mammal sites, M. Dnieper

Mammoth sites, Northern Ukraine

Cave bear sites, Crimean mountains

Igneous, Pliocene volcanoes, Transcarpathians

metamorphic Jurassic volcanoes, Crimea

and Riphean basalts, Rivne

sedimentary Jurassic marbles, Transcarpathians 

petrology, Devonian igneous rocks, Donets massif 

textures, 

features, 

processes and 

events 

Mineralogical, Kaolinite, Ukraine crystalline shield

economic Lead-zinc, Donets Variscan massif

Hydrothermal minerals, Carpathians

Palygorskite/bentonite, Ukraine crystalline shield 

Ozokerite, Carpathians

Iron ores, Kryvy Rig 

Iron ores, Kerch 

Manganese ores, Nikopol 

Mercury sources, Donetsk region

Titanic iron ore sources, Polessye

Graphite sources, Ukrainian crystalline shield

Sulphur sources, Carpathians

Rock salts, Donetsk region

Minerals of pegmatite veins, Ukrainian crystalline shield 

Mineral associations (amethyst, chalcedony, onyx, cornelian, jasper) 

of veins in igneous rocks, Crimea

Weathering crusts of tuffs, Transcarpathians

Veins of iceland spar, Eastern Crimea

Polymetallic mineralization (galenite, sphalerite, smithsonite, 

cerussite), Precarpathians

Ilmenite placer (Oligocene), Dnieper-Donets region

Structural salt tectonics, Dnieper & Transcarpathians

mud volcanoes, Indol-Kerch

gothic folds, Carpathians

Folds and faults of Proterozoic rocks, Dnieper region 
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Vasilievsky fault (Precambrian) and North-Donetsk fault
(Variscan), Donetsk massif 

Faults of Volcanic Carpathians and Crimea(Alpine)

Geomorphological Karst lakes of Volyn

features, erosional Crimea carbonate-karst caves

and depositional Donets salt karst

landforms Gypsum caves, Podillya

Erosional landforms, Dnieper

landslides, Carpathians & Crimea

Crimea canyons 

Pinnacles of crystalline rocks, Ukrainian shield

Pinnacles of Cretaceous rocks, Donets massif 

Pinnacles of Jurassic conglomerates, Crimea

Caves in igneous rocks of Carpathians

Glaciodislocation, Middle Dnieper 

Sand dunes of Lower Dnieper

Danube delta system

Geoarchaeological Acheulian - Mesolithic multilayered sites, Transcarpathians 

and geological- Paleolithic sites, Crimea

historic sites Upper Paleolithic sites, Middle Dnieper

Mousterian sites, Dniester region

Final Paleolithic sites, Donetsk region

Neolithic sites, Middle Dnieper region 

Bronze age sites, Donetsk region

Scythian sites, Lower Dnieper region

Heathen temples in Carpathian rocks

Medieval cave towns in cuestas of Crimea

The oldest mining of Donetsk coal basin 

The first oil mine of Precarpathians 
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APPENDIX 2

Format for recording Geosites for inclusion in IUGS GEOSITES Database

Primary identifying data

1. GEOSITE accession number

2. *National site accession number

3. *Geosite name (synonyms)
4. *State, county, parish/town (or equivalent)
5. *Geographical coordinate: national grid references, or latitude and longitude

(international grid system preferred)
6. Character of site (e.g. crag/tor, quarry, sea cliff, river terrace, mine adit, reef,

cirque, cave, drumlin, esker)

Primary geological data

7. Type of site (e.g. landform, stratigraphic profile - site may for instance be a cave,
with a profile)

8. *Primary geo(morpho)logical interest (qualifying for GEOSITES status)
9. *Framework element or context represented (theme, region/province or age,

e.g. ice front, time unit, fossil/mineral group)
10. *Chronostratigraphy
11. *Description of primary interest
12. *Comparative assessment/justification (site justified as part of theme, province or

age)
13. Qualities in relation to other sites

Secondary supporting data

14. Map sheet (at least at scale of 1 : 50,000)
15. Elevation
16. Geosite area (hectares or km2)
17. Protection status (assurances of integrity), accessibility
18. Literature, key references
19. Sources of data, collections
20. Illustrations 
21. *Proposer(s)

* marks items that are the essential data required at the first stage of GEOSITES proposal. The rest can be
filled in later.
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APPENDIX 3 
Principles for assessment of the scientific merits of proposed GEOSITES 

A proposer of a GEOSITE should ask themselves the following questions with regard
to the potential candidate site or area:

I) What is its significance for an understanding of geological evolution (inorganic
and organic)? 

ii) What is its significance for an understanding of geological/geomorphological
mechanisms and processes?

iii) How complete are the phenomena present: are all relevant features covered, e.g.
in a volcano, how complete is the magmatic series, how many effusive rocks and
types, or periods of eruption, etc, are there?

iv) How well has the object been studied, how sizable is its literature, how well are
key parameters measured (absolute’/radiometric age determinations,
identification of minerals, fossils etc)?

v) What is the special, typical or unique feature of the site in time and/or in space?
How are its rock/deposit/landform and its time/areal relationships significant?

vi) What is the quality of material which is the particular focus of interest at the site?

vii) For what part of the geological column or which geological phenomenon is this
site representative?

viii) Categories (e.g. stratigraphic, mineralogical, volcanic etc) are not significant in
terms of quotas. The types of site a country selects are to be determined by the
nature of its geo(morpho)logical make-up, [its outstanding features and their
contribution to geodiversity].

ix) In what selection network (time or thematic) does this locality fall, and make a
vital part?

Guidelines for selection

Justification of the outstanding value of a proposed geosite should be demonstrated:
this means that its position nationally and regionally has to be made clear. Its
validated place as an example of, or part of, for instance, a regional structure, a vital
stratigraphic interval, tectonic episode or glacial phase depends on the essential part
it plays in elucidating such a theme, structure, event or epoch.

I) Size of an individual site is of no significance. Larger areas may contain multiple
core areas’ each independently of special’ interest: interest, significance and
representativeness should be demonstrated for each of these.
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ii) Integrity is important, and any site proposed should be conservable, and
protected [effectively] from damage.

iii) Geological conservation principles should apply, i.e. conservation means
protection for use, including, where appropriate, collecting, [not preservation].

iv) As far as possible, inappropriate collecting, by both professionals and amateurs,
should be discouraged (except, particularly, in areas of appreciable material loss
through natural processes.

v) Sites should not be worked out’, with all good and representative material
removed to remote museums, other collections or private establishments. If
specimens are not readily visible, then there should be good potential for further
collecting.

vi) Museums on sites, with collections, may be a satisfactory alternative.

vii) The provision of sites for education, recreation, training and research may be a
desirable factor.

viii) The integrity and conservation of a proposed site should be subject to
monitoring, where possible and appropriate .

ix) Geo(morpho)logical sites are best considered singly, each significant interest
being assessed: but synergistically, it may be desirable to group like sites as
clusters or within larger entities such as national parks. However, all sites must
be judged individually and be capable of standing alone for the purposes of
assessment and justification.

x) Equal concentration of sites by area is not feasible (relative to size of country or
other area): this must be the case, to avoid the charge of subjectivity.

xi) In selecting sites for Geosites, it is more important to assess candidates
comparatively within a context, to make informed comparisons with other
possible candidates: this involves some further research.

xii) Size (the largest’) and age (the first’ or oldest’) are only some of the relevant
factors, they cannot automatically be equated with the best’.

xiii) Sites with a complex record, subject to multidisciplinary studies, or with a long
history of research, or a substantial bibliography are likely to be better candidate
sites. But this does not rule out new or unexploited sites.

xiv) Nomination of a Geosite should be in the form of a concise and focussed
well-argued case. The Geosite documentation format should be used.
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APPENDIX 4
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Stratigraphy
Quaternary 

Phanerozoic 
Fissure fillings of
Cambrian sediments 
in crystalline 
basement

Lower Palaeozoic 

Proterozoic 
Vendian

Visingsö, S.Sweden

Post-Jotnian olivine-rich
dolerite

Jotnian 
sediments

Rapakivi intrusions 

Post-orogenic 
granites, c. 1.8 Ga

Syn-orogenic intrusions

Svecofennian volcanics
and turbidites

Stromatolite-bearing
carbonate rocks   

Argillites

Quartzites

Archean 

Palaeo-environmental
Palaeobiological

—

Archipelago at Turku

Minor occurrences

Muhos, S. Oulu, NW
Finland 

Vaasa, E. Central
Finland

Satakunta

Åland archipelago

Seglinge, SW Finland

Pellinge

Torneå, NW. Finland

Tampere Slate, S.C.,
Finland

Koli Formation S.
Sweden

Kuhmo E. Finland 2800
3200 Ma

—
—

—

Province of Uppland

Represented in Sweden

Torneträsk area, NW
Sweden

Ulvön and High Coast,
E. Central Sweden

Transtrand-Fulufjället,
W.Central Sweden

High Coast 

Dala Granites, C.
Sweden

W. Bergslagen area

Kiruna, N. Sweden S.
Swedish ore province

Grythyttan Slate, S.
Sweden

Leksand Formation

—
—

Turku

Equal

Equal

Transtrand

Åland

Equal

Pending

Equal

Equal

Igual

Igual

Kuhmo

Geological 
features

Finland Sweden Evaluation
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Igneous, metamorphic
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Geological heritage is an essential part of World heritage, as it constitutes the unique
record of the whole evolution of our planet. The Earth’s evolution is recorded in a
huge number of pieces. Like in a puzzle, these pieces only form a coherent picture
when viewed in conjunction. Although the number of pieces is unlimited, due to the
dimensions of the lithosphere in comparison with the biosphere, only a very limited
number of these pieces are accessible for human observation. Human disturbance of
the Earth’s surface has lead to the accelerated destruction of many key pieces of the
geological record, particularly in densely populated areas, like many European
countries. In recent years, the policy of definition of protected Natural Sites has been
extended from wilderness to also cover areas which are partly or even completely
altered by humans. In these cases, conflicts often arise between existing or proposed
land uses and associated regulations. Selection of such “Natural Sites” is commonly
based on the biodiversity concept and/or the existence of singular landscapes. In
many cases this conservation policy indirectly helped the conservation of geological
heritage. However, this qualification is not always a guarantee for protection of
geological sites.

Nowadays there is misleading use of ”Natural Sites”, as this conception is commonly
applied to sites embracing natural objects, even if these spaces have suffered a
marked transformation by Man. Thus in common language ”Natural Sites” are used,
as opposed to urban environments, and applied to rural environments or other non-
urban environments that might be strongly modified by present or past human
action. For this reason, a vast part of the geological heritage is located in non-natural
environments, although in some remote and uninhabited parts of the Earth “islands
of nature” still exist. 

Efficiency of geoconservation urgently requires a change in strategy. Protecting
geological objects requires protection of the sites where the objects are located, and
this can only be achieved by accommodating the planning and management to the
existing environments, where the distinction of natural and non-natural sites
becomes senseless. World Heritage conservation has benefited enormously from the
World Heritage Policy from UNESCO (WH Centre). However, the distinction made by
the IUCN between cultural heritage and natural heritage appears to be an ineffective
dichotomy, specially for geoconservation. As a result of this, some specialists consider
that the recognition of geological heritage as a new listable category and the
associated recognition of Geoparks (UNESCO Earth-Sciences Division) and Geosites
(IUGS) would be a useful tool towards geoconservation. We believe that a most
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appropriate policy should be based on avoiding distinctions on heritage values, and
that the most effective way to protect heritage is protecting their geographical space,
through adequate management in accordance with the specific needs of the heritage
elements, regardless of their origin.

The dichotomic criterion used by UNESCO reflects the fact that land-seated, heritage
conservation policy has become sensitive towards living elements of the heritage and
towards Man-made cultural landmarks. A specific policy has rarely been applied to
geological heritage and, when done, geological heritage is usually merely referred to
as landscape, or, at the most, as an element forming part of a protected natural
environment. On the other hand, some legislation, like the Spanish, regards specific
geological elements, like palaeontological sites, as part of historical-cultural heritage,
which is far from advantageous. By far the most key geological sites are located in
environments with only remote potential of being protected as part of a natural
space, especially if, as in many cases, they lack aesthetic features that can make them
attractive to society. This stresses the point that additional criteria are required other
than those commonly applied for the definition of natural sites. It can not be
overlooked that individuals, associations or institutions, often using different
approaches to geological heritage protection, have been active and sometimes
successful. Although the desired final objective is the same, the approaches differ
considerably from one country to the other and often within one country from one
situation to the other.

The ideas below, which are intended to highlight the pros and cons of
geoconservation in the framework of natural spaces, are presented from the point of
view of geologists who are indirectly involved in geoconservation. In our teaching and
research we have often encountered a disregard of geological heritage by the general
public, and its subordination relative to biological and cultural heritage. The
frustration arising from often fruitless efforts to find ways to prevent or stop the
destruction of geological heritage has further raised our concern.

Drawing upon our experience, we consider the following points are crucial to halt the
gradual destruction of the geological heritage: 1) education, 2) adequate land
management regulations, and 3) coordinated actions by persons and institutions
involved in geoconservation. These three points are discussed in more detail below.

INCREASING SENSIBILITY TOWARDS GEOLOGICAL HERITAGE

Education on the significance, value and irreplaceability of geological heritage is the
first requirement: only what is known to be valuable is susceptible of being loved and
therefore protected. It follows that making geological heritage known and
understood by society is a necessary first step towards geoconservation.

Some countries like the United Kingdom, Australia and especially the United States,
provide numerous examples of adequate actions towards educating the general
public about geological heritage at sites. Explanatory panels and guidebooks devoted
to geological aspects abound in protected sites, and even in partly Man-made
environments like road cuttings.
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In recent years, there has been an extraordinary, sometimes exaggerated,
development of what is commonly known as Environmental Geology. However, this
branch of the Earth Sciences is somehow biased towards the impact of geology on
human development (e.g. geological hazards) and often ignores the impact of human
development in geology (geoconservation). Inclusion in environmental geology books
and courses of sections devoted to geoconservation is urgently needed. Although in
many settings both approaches (environmental geology and geoconservation) may
be complementary, in other cases they may be contradictory. Geological heritage may
even be threatened by those who appear to care for nature. For instance, ecologically
sustainable development may come at the cost of landscape preservation as in wind
farms built on magnificent skylines.

Destruction of some outcrops shows that geological heritage values are poorly
understood or even alien to some professional geologists and to some ”nature
lovers”, especially amateur naturalists, such as mineral and fossil collectors. Recently,
a society defending the preservation of the geological heritage published a letter
objecting against restrictions imposed on mineral collectors, which shows that
geological heritage is still poorly understood. Although other types of valuable
heritage were destroyed by ignorance a century ago, they are now often adequately
protected: geological heritage is still awaiting a necessary change of attitude in
society, and among administrators in many countries.

INTEGRATE HERITAGE VALUES, NOT SEGREGATE

Adequate regulations and specific management measures are required. There is a
wide range of possible strategies to ensure that the specific needs of geological
heritage preservation are adequately addressed. At one end of the spectrum, some
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Fig. 1. Only what is known to be valuable is susceptible of being loved and therefore
preserved. (left): graffiti scratched over Byzantine paintings in Capadocia were performed in
the past as a result of ignorance of the Heritage value and lack of a protection strategy.
(right): present day graffiti over an important outcrop located on a road cut traversing an
area of integral protection in the Cap de Creus Nature Park; it evidences the need to increase
sensibility of society towards geological Heritage.



specialists favour general legislation, specific to geology, and which permits the
creation of geological natural sites. The recognition and definition of Geological Parks
represents this strategy. On the other end of the spectrum, another strategy considers
that the geological heritage can appear under a great variety of forms and is only
rarely completely unrelated to other heritage elements. To us, protecting geological
heritage objects through protection of the space where these are located appears a
more realistic approach, as it can be applied to a wider range of situations. Thus,
integral heritage conservation should be applied to those different valuable elements
of nature which commonly appear associated in space.

Although, in practice, geological heritage is commonly included in regulations
referring to natural spaces, this is not always the most adequate strategy. Its singular
nature and the fact that it often embodies gauges of the geological history, the
geological heritage has some similarities or may be strongly linked with historical-
cultural heritage. Geological heritage is often located at Man-made landmarks or
works (e.g. mines, quarries, road cuttings). A qualitative illustration using a triangular
plot reveals that geological heritage is not always associated with natural spaces and
wilderness, but that in many cases areas of geological interest can be closely related
to historical-cultural elements.

Most of the protected spaces include, in different proportions, biological, geological
and historical-cultural elements. As a first visual approach, the degree of participation
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Fig. 2. Sometimes Geoconservation requires, in addition to laws, drastic in situ actions. (left):
a fence provides additional protection to a petrified tree in Yellowstone Park; (right): a blasted
pegmatite from Cap de Creus which evidences the negative impact of mineral collectors on
Geological Heritage.



of each component may be qualitatively depicted using a triangular diagram, with
the historical-cultural (HC), biological (B) and geological (G) components located at
its vertices. This kind of diagram allows the location of the essentials of a particular
site, and the relative importance of each component. It can be argued that it might
to be unrealistic to compare the relative value of heritage elements which have a
different nature. However, in most of the protected sites one component usually
prevails, the one which has lead to protection of the site. The use of relative weight
between components (using criteria such as G>>B, G>B, G=B, G<B, G<<B) allows
one to plot sites on the diagram. It should be taken into account that, while a wide
area might plot in the interior of the triangle if the area includes heritage of different
kinds, narrowing the size of included sites would lead to splitting the plotted point
into different points, located more towards the vertices. Two conclusions arise from
such a representation: 1) not all geological heritage plots on the Natural Sites field
and the Geological to Historical-Cultural field should not be ignored; 2) in most
settings an integrated conservation strategy is necessary. Thus, the common
prevalence of one heritage component should not involve a selective conservation
policy which might mask or threaten other valuable elements in the area.

Broadening of conservation criteria to all heritage elements located in a site,
regardless of their nature, will benefit geoconservation. An integrated strategy is
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Fig. 3. Explanatory panels and guidebooks are effective tools to increase sensibility of Society
towards geological Heritage. (left): explanatory signal along the scenic route US 16 traversing
the Bighorn Mountains in USA. (right): cover of a geological  guidebook of the Roadside
Geology Series published in USA.



more effective than segregation and, furthermore, it will benefit conservation
through sustainable development, as the presence of well-preserved, diverse heritage
elements will increase the potential for tourism, education and research.

THE LONG RUN: FROM GEOSITE IDENTIFICATION TO EFFECTIVE PROTECTION

Our experience is that, at least in our country, it is an arduous and often fruitless task
to get a geological site placed under effective protection. To get the support of
institutions involved in geoconservation and of administrators with decisive power on
land management is often an unachievable goal, even for key sites of international
interest. There is an urgent need to narrow the gaps between all individuals and
institutions involved in geological heritage preservation. Furthermore, well-researched
inventories and catalogues are required. However, the effectiveness of such
catalogues depends on the existence of an effective link between all persons,
institutions and state bodies that are potentially involved in geoheritage preservation.
Field geologists, who represent one end of the chain, and who are in the good
position to evaluate the relevance of a specific geosite, should be more actively
involved. Land managers and technicians (as well as politicians) involved in land
management with executive and legislative power, at the other end of the chain,
should be more aware of the significance and fragility of geological heritage.
Catalogues represent first, but frequently ineffective, important steps - if a catalogue
has no legal basis and is thus ignored by the administrators. It is an urgent necessity
that geoconservation institutions open out: by helping, supporting and creating
effective links between the two ends of the chain.

IS A NATURAL SITE THE BEST GUARANTEE FOR THE PRESERVATION OF THE
GEOLOGICAL HERITAGE? THE CAP DE CREUS EXAMPLE

This contribution provides a review of points involved in the preservation of
geological heritage in the context of areas qualified as natural sites. We emphasize
that the inclusion of geological heritage in a protected natural site may often be a
useful tool or the only available option, but it is far from being a guarantee of
protection. We use the Cap de Creus Natural Park as an example to discuss the
adequacy of natural site preservation for geoconservation.

The Cap de Creus Natural Park is located in NE Spain and covers the easternmost
outcrops of the Pyrenees. It forms a peninsula in the Mediterranean and contains
some of the most singular landscapes of the Costa Brava. Geological, biological and
historical-cultural elements act together on Cap de Creus to create a site of great
landscape value. The strong character of this site mostly stems from its geological
configuration and from the Mediterranean climate, which is here extremely windy
(Tramuntana), and has produced many spectacular landforms and beautiful rocky
coastal formations. Following on from our research here, we have become involved
in the definition of areas to be protected and in the establishment of restrictions to
preserve geological heritage. Our point of view is closer to that of a user than to that
of the professionals directly involved in land management of this and other protected
areas. This perspective permits a close examination of the adequacy of the regulations

100



(mainly designed for natural spaces) for the specific needs of geological heritage. Cap
de Creus is representative of many other areas, as it covers a mosaic of heritage
elements and environments, that range from almost virgin wilderness to areas that
are strongly altered by humans. Although most geological sites are located far from
human developments, some sites are already destroyed by urban expansion or may
disappear soon under planned projects.

The most relevant characteristics of the area are:

– Analogous to other settings, an exceptional geological heritage coexists with
biological heritage as well as with historical-cultural elements of variable nature.

– The area has been altered and influenced by humans to various degrees,
ranging from urban and agricultural areas, through others with relics of ancient
human activity, to relatively well-preserved wilderness. Geologically important
sites are randomly scattered over all these areas.

– Human influence ranges from ancient landscape modifications, in harmony with
the natural landscape, to rampant tourist developments that are aggressive to
landscape.

– The area is located on the Costa Brava and, in consequence, is submitted to
strong pressure for tourist development, which mainly affects the coastal fringe
but also some spots in the hinterland. Land is almost entirely privately owned.

– The Cap de Creus Peninsula was included in a preliminary cataloguing of natural
spaces in Catalonia in 1992. 

Furthermore, part of the municipal territory had been designated as non-urban land
by local authorities. Despite the lack of official protection, this helped (with a few
exceptions) to preserve most of the area until the mid 1990s. Indiscriminate
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Fig 4. Environmental Geology is preferentially focused towards the impact of geology on men
but ignores Geoconservation. (left): recent mass slide endangering a small village in the Rift
mountains in Morocco. (right): explanatory panel of a slump structure in the Theodore
Roosevelt National Park (North Dakota, USA).



landscape destruction has continued elsewhere in the Costa Brava, especially since
the 1960s. In the 1990s, the Catalan Government started to work on the
development of a specific law for Cap de Creus. This was a novelty, as other areas
had been protected under pre-existing legal regulations. The responsibility for
drafting the law was given to a Bureau of the Natural Environment. A geological
study was carried out, and the boundaries that were proposed on geological criteria
were followed as closely as possible.

However, the partial inappropriateness of the legislation based on the protection of
“natural elements” was clear from the exclusion (in the first draft of the law) of many
archaeological and historical sites. More pertinent to geology is the fact that hitherto-
preserved geological outcrops close to urban areas were excluded from the Natural
Park and thus remain greatly threatened. As might be expected, human pressure
increased just outside the park boundaries as soon as boundaries were drawn, even
before the law had been approved.

On the positive side, the recently approved law includes in its introduction a special
mention of the exceptional geology, and most, but not all, of the outstanding
outcrops are included in theoretically preserved areas under variable degrees of
protection. It should be noted that most opposition against restrictions associated
with the law concerned marine regulations, rather than the terrestrial environment,
except in areas close to villages that expected future urban development.
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Fig. 5. Eco-naturalistic postulates defending alternative energies are not always the best allied
of Geoconservation. Wind park on a mountain crest in Chios Island (Greece).



Although the Cap de Creus experience is a very recent one and it is on a very initial
stage of development, some preliminary conclusions concerning the adequacy of the
applied legislation as a guarantee for the protection of the geological heritage can
already be obtained.

It seems that the law is a useful tool, but not a guarantee. The success of heritage
protection depends on the direct implementation of land management measures on
the spot, a task which requires three aspects: (i) a deep knowledge of singularities
and location of the geological heritage elements and their fragility; (ii) a considerable
financial support to permit sustainable use of the land, and (iii) the designation and
implementation of very specific rules that would deal with the new use, since the
general law covering the park cannot cope with every particular situation that
appears. A law which is not accompanied by direct action on site can become a
worthless piece of paper. The publicity associated with the creation of a Natural park
increases the pressure within the park and in the surrounding areas. The delayed
adjustment between the promulgation of the law and the implementation of
effective regulations adversely affected the preservation of geological heritage.

– The establishment of a Natural Park increases pressure on the land. In spite of
general laws, land owners search for subterfuges to use the new situation to
their own advantage, but at the cost of preservation. One of the declared
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Fig. 6. Geological objects are frequently associated in space to other Heritage elements of
different nature. (left): Yellowstone National Park constitutes one of the best examples of
integration of Geological Heritage with Biodiversity in a Natural environment. (right): in the
Canyon de Chelly (Arizona) Historical-Cultural Heritage is intimately associated to Geological
heritage.



reasons for protection is the exceptional quality of landscapes. Most of these
landscapes do not represent a wild original wilderness, as they contain
traditional agricultural architecture, which is in harmony with the landscape. As
stated, the park’s declaration increased pressure just outside the boundaries as
well as inside. Urban developments, also outside, have a negative visual impact
inside it. An example, at Cap de Creus, of an unintended negative side-effect is
that of a specific regulation permitting the keeping of small huts for agricultural
use. This law has been abused by landowners, who use it to build tourist
housing on protected land.

– The park attracts many thousands of visitors each year, especially to the roads,
and along the seashore where many valuable outcrops are located. This has
resulted in widespread littering. Despoilation of rock faces (by graffiti) is
common and shows the lack of respect and understanding of the value of both
the landscape and geological heritage. The declaration of the Natural Park
without appropriate funding for staff and maintenance has actually increased
the pollution pressure.

– Some attempts have been made to relieve the pressure from part of the park by
encouraging visitors to use marked paths. This has, unfortunately, been done
without taking into account the recommendations of the geological study.
Some paths have been traced across exceptional and valuable outcrops, which
have been spoiled as a result.

104

Fig. 7. Triangular plot showing the existence of a continuum range of environments where the
Geological Heritage is located. This kind of diagram allows the location of the essentials of a
particular site and the relative importance of each component. Note in the triangle that
Geological Heritage is not always associated to Natural Sites as it is according to the
conventional dichotomy.



– In complex and fragile areas, like Cap de Creus, management should be
assigned to a department or organisation with competence and sensibility
towards the nature of the heritage elements which are present. The assignment
of management competencies to the Department of Agricultural, Ranching and
Fishing Affairs is a handicap, as this organisation is unfamiliar with geological
heritage issues. For example, prioritization of fire fighting in a maquis-covered
area, quite frequently affected by fires, lead to broadening of some tracks,
resulting in the destruction of an exceptional outcrop which was specially
mentioned in the geological inventory.

– Naturalistic-ecological arguments and motivations are not always the best allies
of landscape preservation. The demand for alternative energy sources has
motivated that one of the nicest skylines in the area is spoiled by a wind farm.
Other sites in Catalonia with first-order geological landscapes are also
threatened by wind farms.

– Geological heritage not only requires a conservation policy, but also recovery
policy whenever possible, especially if elements of primary importance are
involved. The park boundaries exclude outstanding outcrops, not only those
close to urban areas, but also those in enclaves inside the park, one of them
covering some of the most exceptional geological landscapes of the world.
These enclaves correspond to existing private tourist resorts that are aggressive
to the landscape. In such exceptional situations, World heritage values should
prevail over private interests, and no matter what the legal difficulties and
economic costs, these enclaves should be incorporated (on the short term) in
the preserved geological area. The existence of active or abandoned quarries is
another important question for geological heritage conservation. Often the
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Fig. 8. Geological heritage in three different environments. (left): striking geological objects in
a environment unaltered by humans constitute the most dramatic examples of Geological
Heritage, as in Arches National Park (Utah). However, geological objects are often localized in
environments strongly altered by humans. (central): quartz dykes surrounded by terraces built
for vineyards, abandoned after the filoxera crisis (Roses, Cap de Creus). (right): Weissenstein
Castle (SE Regen, Germany)  built on top of a quartz dyke in the Bayrischer Pfahl (Germany).



rehabilitation policy on quarries consists of smoothing out the topographic
effect, using landfill and re-vegetation. In other cases, quarries are converted
into lakes, ponds or swamps, making sometimes remarkable geological
outcrops totally inaccessible.

We observe that the real protection of geological heritage, whether or not located in
a natural space, is not only achieved through general laws, but more significantly
through specific regulations. Because regulations imply restrictions to traditional, but
also to leisure-related land use, it is vital, but very difficult, to educate locals and
visitors to the need for these restrictions. When conservation is concerned with
uninhabited places or exceptional historical Man-made buildings, protection
regulations are easily understood and regarded positively by the public. However,
geological heritage does not enjoy such understanding, furthermore, the task is
harder if a site is located in environments located at a ‘crossroads’ of competing
interests. For geological conservation, it might help that strict regulations are not
required in most situations, and the labelling of a zone as an Integral Reserve is
seldom less needed. More effective than strong access restrictions are rules adequate
to each particular situation. Explanatory panels and well-established regulations for
sampling are necessary. Even if the law goes into very specific regulations about some
aspects of land use, it should be taken into account that the boundaries of what is
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Fig. 9. The Geological Heritage in Cap de Creus, where Geological objects are randomly
scattered in natural as well as in human-altered environments. (upper left): Geological Heritage
in a well preserved Natural environment. (right): most of the hinterland of the Cap de Creus
Natural Park corresponds to environments modified by past agricultural activity. (lower left):
outcrops containing an exceptional Geological heritage are restricted to a narrow and
threatened coastal fringe in environments strongly altered by humans. The use of Natural
space criteria to protect the area left this outstanding outcrops out of protection.



permitted and prohibited by law can sometimes be diffuse. We have seen that
permitting agricultural use of land may lead to the construction of holiday homes.
Permitting geological research activities can lead to outcrop destruction. It is known
that in the past some persons with the false excuse of doing scientific research in Cap
de Creus, have even used explosives to collect minerals or to obtain pieces of schists
for commercial use in gardening.

THE BROKEN CHAIN OF GEOLOGICAL HERITAGE PRESERVATION

It has been stated that the inclusion of geological heritage under the management of
general natural heritage, although far from being a universal solution, might be
useful for specific cases. However, we feel that many geological sites are permanently
threatened even if they are included in a protected space. Every time one detects a
new threatened locality, one realizes the lack of effective tools to take actions to
prevent its destruction. Although this situation might vary in different countries, we
think that the Cap de Creus case may be representative. It has been stated before
that effective geoconservation is only achieved through coordinated links between
individuals and institutions. The individuals are usually the field geologists. Their work
brings them in direct contact with exposed rocks and they are therefore usually the
first ones to recognize the value and need for protection of certain geological sites.
However, even many geologists have to have a robust awareness of geological
heritage and of their role and responsibilities in its conservation. Unfortunately,
geologists are sometimes the first to damage valuable outcrops. Similar relevant
outcrops have had a different destiny in different parts of the World. In some cases
outstanding outcrops may become historical landmarks, like the Van Hise Rock in the
United Stated, while in others similarly unique outcrops have been defaced, like some
outcrops along the River Mosel (Germany), drilled by geologists, and like many other
instances known from around the World.

However, in some cases the geological relevance of a given outcrop transcends the
specialized publication, and the existence of this geological site reaches the inclusion
in a local, regional, national or even international catalogue. But even this first step
is not always achieved in spite of active involvement of geologists. Sometimes,
associations and institutions dealing with conservation are bureaucratic and
ineffective. We have experienced that the Cap de Creus example has failed to be
included in the first iteration of the IUGS Geosite inventory, although we have
repeatedly presented it in several conferences as one of the top World sites.
Associations and institutions involved in geoconservation should act as efficient links
to improve their effectiveness. Some of the existing inventories reveal that members
involved in listing of geological sites are familiar with environmental geology and land
management topics but less informed on sites of geological interest. This lack of
communication is reflected in the publication of inaccurate inventories, and should
be improved by a greater involvement of field geologists.

Even if substantiated inventories and catalogues are achieved (an important first
step), the lack of accompanying legal support renders these lists useless. Currently,
organisations with competence on land management are often ignorant of the
existence of such inventories. This is another common gap in the communication
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chain. Many geologists adopt a fatalistic attitude towards the gradual disappearance
of the geological heritage when they realize that (i) conservation associations are
impotent or ineffective in carrying out or supporting a specific action, and (ii)
organisations with land management capacity are often completely insensitive
towards geological heritage conservation.

It has been stressed that the existence of natural sites and the development of more
accurate inventories may be useful tools for geoconservation, but both tools tend to
ignore most geosites, as these are located outside ‘natural’ environments. It is urgent
that all participants in the geoconservation ‘chain’ become aware of this situation.
Authorities should realize that they are responsible for the protection of geological
sites, no matter where these are located.

The coastal cliffs at Roses (Cap de Creus) provide an example of the threat of urban
development to geological heritage, even though the authorities and developers
claim to be aware of the values of these cliffs. The relevance and value such
exposures, of granites and shear zones, has been emphasized in the Cap de Creus
geological study. The cliffs lie outside of the park boundaries and within the built-up
area of Roses. A seashore promenade has been planned, which will cover and
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Fig. 10. Van Hise Rock in Wisconsin constitutes one of the best examples of Geoconservation
evidencing the coordinate involvement of Geologists devoted to research and education and
land managers. This landmark constitutes a monolith preserved during a road cut construction.
(left): Van Hise Rock constitutes a human modified outcrop which exhibites cleavage refraction
affecting vertical layers. (right): the original 1923 explanatory tablet. In 1999 this roadside
landmark has been improved and enlarged.



obscure the outcrops. Respect for the environment is shown by the intended use of
local granite and indigenous plant species. It is clear that in their ‘environmental
awareness’, authorities only take generalities into account and totally ignore the
substantive geological component of the environment.

FINAL THOUGHTS

Well-performed inventories and catalogues are urgently needed. The efficiency of
such catalogues depends on the existence of an effective link between all persons
and organisations that are potentially involved in geological heritage conservation.
Field geologists represent one end of the chain and land managers, technicians and
politicians, with executive and legislative power, represent the other. Associations and
institutions involved in Geoconservation should act as efficient links, but do not yet
do so. Catalogues with no legal support are frequently ineffective. The inclusion of
geosites in protected areas is not a guarantee of their conservation. Examples of
inadequate conversion of quarries with geological value into inaccessible ponds or
marshes abound. Tracks to make protected areas accessible have destroyed
geological outcrops of exceptional value. The management teams of protected sites
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Fig. 11. Outcrops along the Mosel river (Germany), showing geological structures analogous
to those in Van Hise rock, constitute an example of Geodestruction performed by geologists.
This example evidences the malfunction of the communication chain between individuals and
institutions that should be involved in Geoconservation. (left): the outcrop in 1971. (right): the
outcrop in 1999 after inappropriate drilling by insensate geologists.



(natural or Man-made) require specialists in fields which cover all elements present in
the area, and these should work in close coordination.

Geological heritage comes in many forms (from mountain ranges to road cuttings),
not all of which can be classified as “Natural Sites”. We argued that to isolate
geological heritage and demand general management laws for its protection is no
guarantee for geological heritage conservation. The proposal to use the term
“geodiversity” as complementary to “biodiversity” is also inappropriate. The diversity
of landforms and uses where geological heritage can be found necessitates
integrated “Land World Heritage” protection. Management rules should then be
developed appropriate to the various heritage values that occur within a protected
area. We thus recommend the aggregation of heritage regardless of its particular
nature. This approach would benefit the use of a protected area for tourism and
educational purposes. Whenever possible, geosites should be linked in unified
itineraries (e.g. self-guided tours), as is common for historical-cultural heritage.

We finally emphasize again, that geological heritage protection goes further than
protection of “Nature Sites”. Special efforts must be made to save sites of particular
geological value that occur in completely Man-made, unnatural environments.
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INTRODUCTION

Well known among specialists in geoconservation and geological heritage is the
saying: “no education without conservation”. We state that there is “no conservation
without education”: it is true and most important. 

Educational purposes constitute a part of the definition of geological heritage, that is
“sites worth preservation for scientific, educational and aesthetic reasons”. Hence,
we need to list and protect the sites not only for their intrinsic value, but also, in a
more anthropocentric approach, we need them in order that present and future
generations learn about geological history. This history should be learnt, not only
from documents and museums as secondhand information, but also from real
“witnesses”; and studied in situ, not as some previously acquired compacted form of
knowledge and experience. Thus, the justification and rationale for geological
heritage geoconservation acquire a strong argument, even among sceptics about for
geological heritage conservation. 

But, listing a site will not guarantee its conservation and protection. And, obviously,
geoconservation cannot be successful by repression. This can only be accomplished
by touching everybody’s awareness and especially that of young people, who,
learning of their home’s geological heritage, will appreciate its value and will
consequently protect it. Hence, we need to educate people about geoheritage ideals.
Education is a strong tool and therefore a big priority for successful this form of
heritage conservation. This education should extend from the primary through
secondary school and onto university and postgraduate level, by means of school
curricula or/and environmental education. It should extend as well to vocational
education and to labour re-orientation. But it can also become an affair of nurture,
of culture through the raising of public awareness.

In Chapter 36 of Agenda 21, compiled in Rio 1992, reference is made to: “Education,
raising of public awareness and training are linked to virtually all areas in Agenda 21,
and even more closely to the ones on meeting basic needs, capacity-building, data
and information, science and the role of major groups. Education, including formal
education and training, should be recognized as a process by which human beings
and societies can reach their fullest potential”.
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EXISTING SITUATION IN PRIMARY AND SECONDARY SCHOOLS

Modern ecological thinking and the new environmental ethics have advanced: from
the awareness of the need for protection and conservation of the biotic world, to
include the protection of the non-biotic environment. Consequently the conservation
of the geoenvironment and geological heritage is a concept that recently has
developed worldwide rather more, without comparison, of course, with the concern
for flora and fauna.

This situation is not so optimistic in schools. An indicative inventory between
geoconservationists from European countries (Drandaki, 1998) led to the conclusion,
already known (though not in its real dimensions), that geological heritage concepts
are almost totally absent in school curricula and environmental education
programmes. Although teachers’ motivation is at a high level, training and concrete
education material for the local environment is lacking. The situation is even more
disappointing as geology is under continuous persecution in school curricula.

In 1993, an international conference took place at Southampton on “Geoscience
Education and Training in Schools and Universities for Industry and Public Awareness”
(Stow, 1996). In many countries, and for many years, the geosciences and geological
education have been a small player and the poor relation of the so-called basic
sciences (physics, chemistry, and biology). This goes without saying for geoheritage
and geoconservation teaching and learning. 

This is also a fact on a global scale, as was discussed during the 30th IGC (Drandaki,
1996), at Beijing. Although the contribution of geology to nature sustainability and
human prosperity is appreciable, this contribution is underestimated by the society
during the phase of policy making, whereas in education, geology is mostly
concealed within physics, chemistry or other subjects.

It is quite obvious that, without certain knowledge on the basic principles of geology,
we cannot expect widespread involvement in geoheritage ideals.

Drastic measures are needed, therefore, in order to move geosciences and geological
education to centre stage. Taking advantage of changing attitudes and a changing
world, the geosciences could become one of the major players in the 21st century. 
More concretely, actions are needed to fill the gaps in primary and secondary school
curricula, environmental education, awareness and sensitization programmes, with a
neglected environmental parameter, the geoenvironmental parameter: and a new
important concept, -the geoconservation concept- in accordance with principles of
sustainability. These actions should be placed in a policy for the renovation of the
content of educational and training programmes. 

GEOLOGICAL HERITAGE AND GEOCONSERVATION THROUGH
ENVIRONMENTAL EDUCATION

As already mentioned, another way of introducing the concept and the meaning of
geological heritage and geoconservation into schools is environmental education.
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Environmental education is education from the environment and for the
environment, and it is a relatively new educational approach. This approach has
probably become more interesting since an important paradox has been realized:
that science is in progress while the environment is in decline, and also the
dialectical relationship between Man and nature is in crisis and its equilibrium
disturbed. 

Environmental education started developing in the 1960s as a consequence of the
ecological and philosophical considerations of this period; it came also from the need
for education in techniques and for the training of specialists on environmental
protection issues. Today, these initial targets have been broadened, as it is believed
that awareness on these issues is, or should be, everybody’s concern, especially of
young people. For these reasons, environmental education has been introduced into
schools.

Environmental education is the modern approach of education, addressed to the
three areas of the human personality development cognitive, affective and
psychomotor. This development leads to qualities characterizing the creative
personality. Creativity will contribute greatly, as most of the environmental problems
require innovation and originality to be faced. According to Welsh’s (1980) definition:
“creativity is the process by the means of which new original products are produced
coming from the transformation of the existing products.” (Papadimitrion, 1999). In
conclusion, it can be considered that creativeness is expressed as (Papadimitrion,
1999): innovation, imagination, initiative, autonomy, inspiration, invention, ability for
combination, ability to envision a topic from different points of view.

This coincidence of course with the new ideas for more active education and the
involvement of the students in the educational process with physical experiences.
Placing young people in active situations, outside school, encourages them to be
more responsible, enables them to take initiative, to communicate with efficiency, to
evaluate the results of their research themselves, to face the professional world, to
search for information and sort them out (UNESCO, 1999). The positive effects of this
innovation, learning by doing and contact with nature, will be obvious in the years to
come, when the students of today will be active citizens and some of them decision-
makers on environmental issues.

Environmental education is an optional educational process that has found a
response in the educational society.

The educational methods used in environmental education are mainly the project
method accompanied by other educational methods and techniques whenever this is
necessary (problem solving, survey research, role-playing, debates, brainstorming and
others). In environmental education, a holistic and interdisciplinary approach to all
environmental problems is used and geology is, or should be, one of the basic
parameters for their study.

Up to now, it has been found that the geological parameter, when it is not completely
ignored, is downgraded, mostly because the majority of teachers have little
knowledge of the subject and not enough educational material (Fermeli, 1999).
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The principles of environmental education in schools are appropriate for the
introduction of geoconservation into the educational processes. 

The combination of environmental education with geological heritage issues, linking
if possible with other interests as well, will help students to discover the past of the
area in which they live, to have empathy for the present and to protect the future
(Fermeli, 1999). This discovery will not be a “learn and accept” process, but an
“understand and act life long” relationship. 

UNIVERSITIES

Geologists all over the world, more than other specialists or the general public, are
obliged to preserve the geological environment. Consequently, there is a need for
students in geological departments to be instructed, not only in the knowledge of
geology and the description of environmental problems, but also have the
background to so that they are capable of changing attitudes. They should be able
to recognize what is valuable and have the ability to fight with responsibility for this.
This could be done through the teaching of geological heritage conservation ideals.

It is certain that there are not a lot of universities with courses especially on
geopreservation and heritage nor even that there are other geoscientific courses
mentioning a geoheritage rationale.

Concerning environmental education, the situation in the universities is that it has
started as an approach, but it is fragmentary, without connection to geoheritage
issues. 

Changes in the educational programmes of universities are required, in order to make
students aware, as well as future decision makers and teachers in secondary
education. 

We hold the optimistic belief that, through these efforts, today’s students,
tomorrow’s citizens, will understand the importance of the geoheritage and
geoconservation and will contribute in their way, to the distinction and protection of
the geological sites that are the “Natural Books” in which the story of our planet has
been written.

ACTIONS TO UNDERTAKE 

TEACHERS TRAINING

For successful education in geological heritage issues, there is an obvious need for
specifically trained teachers, and also for the preparation of appropriate material for
indoor and outdoor educational activities.

Teachers’ training on geoconservation and issues will open new horizons in the
teaching of geology (geography), to be done in a more constructive and imaginative
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way. Also it will help towards a more complete and rounded study of environmental
problems.

Realizing this need, and in the framework of the European Commission
educationally- aimed Comenius programme, a group of experts was formed in order
to create methods, tools and other education material for the purpose of training
(through seminars) high-school teachers about geological heritage issues. 

AND THE GRECEL PROJECT WAS BORN

GRECEL is a project, within the framework of the European Commission
Socrates/Comenius (Action 3.1 programme) (Drandaki et al., 1999). Its aim is to
supply multidisciplinary high-school teachers with a continuous stream of information
on new trends in the geological sciences, and specifically on matters of geoheritage,
directly related to environmental aspects. The project targets are: a) the creation of
an international network for the dissemination of knowledge and experiences, in
matters of geoconservation, for a more complete education in environmental issues;
b) the preparation of educational material and tools as well as the organization of
international training courses on heritage issues and the introduction of new
methods in education in order for the geological environment to be recognized as an
important environmental factor; c) to promote new technology and its use as
pedagogical and communication tool for the dissemination of knowledge and
experience.

These aims have greatly advanced: the network is expanding (Theodossiou-Drandaki
et al., 1997), a first educational material (Eder et al., 1998) is in the phase of testing
and evaluation (until a final version is produced), and training courses have already
started and will continue. The use of new technology is improving both our
communication and networking. 

The final objectives of the project are the elaboration of a master plan of European
dimensions, focusing at a European policy in education for geological heritage
conservation.

One item of feedback from such a process could be an increase in understanding and
support, for the various developing national and international geoconservation
programmes within the European Community, and further consolidation of the
subject as a fundamental part of all environmental and conservation strategies.

It is more than obvious that we need environmentally appreciative students to protect
the natural and geological inheritance in their country, their town, and their home. 

Hence, we need trained teachers on this subject. That is the purpose of the GRECEL
courses, through Comenius action 3.2.

The first pilot international course took place in Nafplion, Greece, in October 1999.
It was an international seminar for the instruction of teachers on matters of
geological heritage, organized by IGME, UNESCO, and the Reserve Geologique de
Haute Provence.
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The history of this seminar in Greece:

1995, Cooperation of IGME and ProGEO; two workshops on geoconservation -
SCIENCE

1995, later, A group of geologists is formed in IGME for geoconservation and
Geological Heritage - SCIENCE

1997, GRECEL project is prepared through the European programme Comenius
action 3.1 with colleagues-experts in geoconservation from U.K., France, the
Netherlands, Slovenia and from UNESCO, members-friends of ProGEO - SCIENCE.

1998, preparation of education material through the project- SCIENCE →
EDUCATION

1999, first pilot seminar for secondary-school teachers in Nafplion- SCIENCE →
EDUCATION

Here we shared views and opinions with the teachers about the best possible way to
put into practice our ideas for sustainability -EDUCATION ↔ SCIENCE

These teachers will become the multipliers, transmitting knowledge and the
experiences acquired during the seminars to their students -EDUCATION

The Nafplion seminar is historic because it is the first international one of its kind on
geological heritage. Furthermore it is historic because for the first time a sign referring
to a geotope-witness of the geological history was placed in Greece, at Arvanitia
beach in Nafplion. The placing was achieved in cooperation with the environment
group of the 2nd high-school of the city, with the participation and the enthusiastic
involvement of the municipal authorities. 

The next seminar of this kind will take place, again in Nafplion, in May 2000, and
another in another city in the same area in October 2000, and so on. In the
meantime, a two-day seminar for geoscientists is being prepared for the Rio de
Janeiro 31st International Geological Congress, in cooperation with UNESCO, and
then global networking on education issues is foreseen. 

The idea of rolling seminars in southeastern Europe has been discussed also with
colleagues of ProGEO Working Group number 1. 

Other seminars addressed also to geoscientists, geological survey staff,
conservationists with other specialities, environmentalists, engineers, journalists,
planners, lawyers, and the staff of state administrations could be also grant-aided by
other European Union programmes: such as, Copernicus, Tacis, Phare for third
countries, Leonardo da Vinci for new specialities, by UNESCO Earth-Science Division
Seminars for geoscientists, or by the UNESCO Fora for young scientists. They can, in
the short term, until formal post-university cycles in geological heritage conservation
are established, be addressed to students at the post university stage. 
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Geological societies also, in our countries, can contribute a lot to the expansion and
the sustainability of these seminars, as they have the scientific potential, the
experience, the relations, the mechanisms, and the regular national and international
publications. 

At a European level, ProGEO can undertake such work. The national committees of
ProGEO through its Regional Working Groups can play an important role also. 

The Commission on Geoscience Education and Training (COGEOED) of the
International Union of Geological Sciences, also, should act a network for
information and ideas, between a range of groups that share similar interests, and to
promote issues of geoheritage concern.

URGENT AWARENESS PROGRAMMES CONCERNING TEMPORARY SECTIONS
DURING ENGINEERING WORKS, MINES-QUARRIES, URBAN GEOCONSERVATION

Addressed to 

– ENGINEERING GEOLOGISTS

It has already been mentioned that the awareness of the geological community is
very critical in the promotion and success of geological heritage ideals (NCC, 1993).
There is a need for us, geoscientists to change our mentality concerning heritage
conservation. 

Especially important is the role of those colleagues involved in applied research, and
technical and engineering works, so that consideration of the importance of a site
becomes integral to the planning process, especially where interests that are
irreplaceable might be destroyed. Engineering geologists and geotechnical engineers
have a very close connection with the conservation of Earth Science sites; they are
involved also, in the creation of exposures, often temporary, which can greatly enrich
our understanding of local geology and geomorphology. There is a need to develop
means of collecting the maximum of information from such temporary exposures, as
well as samples, if it is impossible to preserve them. To succeed in this goal, it is
indispensable in public works, as well as in commercial work contracts, to include
provisions and policies for recording and documenting characteristic temporary
sections and providing samples with relevant documentation. 

– MINE ENGINEERS

Mines and quarries coincide with geological sites enriched with important minerals
and ores. These sites tell us a great deal about the operations of the natural world.
As mining advances, exposing ore deposits and successive fronts, new data is
recorded, adding to previous knowledge (Theodossiou-Drandaki, 1997). All this
information needs to be catalogued systematically into a reliable body of knowledge
for future generations. These sites are rich cultural and historical sources as they are
closely related to our progress and modes of social organization through time. 
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– URBAN GEOLOGISTS 

Geological heritage conservation in urban areas is a new, important initiative.
Because a site of value for its heritage placed in the local environment is more
effective at gaining attention than trying to raise concern about some remote site,
which most people have never visited (Mathew et al., 1995). The urban areas provide
perhaps the best opportunity to demonstrate the value of geology, and, in
consequence, the need for geological conservation in modern society. 

The urban environment is considered, even in traditional geological thinking, to be
incompatible with the natural environment and nature conservation, especially with
the geological environment and geoconservation (Theodossiou-Drandaki, 1998). 

Today, in most modern cities there is shortage of free spaces for the citizens to relax,
breath clear air, to walk in places with natural vistas and visual variety, and for the
children to play and learn. Pedestrians are in a very disadvantaged situation. 

But a very important impact of this shortage of free spaces appeared in the most
dramatic way during the recent seismic activity in our region, in the densely urbanized
area of Attica. The existence of free spaces would have helped people greatly to feel
less panic. Consequently, new consideration needs to be given to the provision of free
open space.

A decisive way to the succeed, and feasibly, in this demand is for environmental issues
to be integrated and given priority in planning processes and thinking, so that the
objectives of sustainability are taken seriously into consideration and unsustainable
trends eliminated. Urban geoscientists are critical for these tasks.

Concerning geoconservation, there are additional reasons to put this policy into
practice. The chief reason is that without conservation of geological heritage
considerations in all aspects of urban life, the geological testimony as a vital element
of the local environment becomes more and more rare and finally it will totally
disappear. Loss of this evidence of the Earth’s history means that there may be no
sites in the area, and thus geological time, a backdrop of million of years before
Man’s advent, may never be appreciated. There migh be no sites, not only for the
maintenance of the natural qualities and characteristics, but even the few sites
needed for education purposes are missing, so pupils have to go away to meet
natural sites. 

Sustainability in this context means that urban planning provides for the maintenance
of natural qualities and characteristics, and its capacity to fulfill its full range of
functions, including the maintenance of biodiversity. We add the maintenance of
geodiversity (ProGEO Northern Group).

The pessimistic belief that things cannot be improved is not well founded. The truth
is that even in the most overcrowded areas there is possibility for some free spaces
allowing for some hope, all the more because most of these areas are within some
sort of statutory regime, and consequently no difficult expropriation procedures are
necessary. The timing is quite in favour of our aims, as the urban environment and
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the city of tomorrow are priorities for the European Union after the Treaty of
Amsterdam, June 1997. 

TERTIARY AND POST-UNIVERSITY CYCLE 

VOCATIONAL ORIENTATION

New Post-Graduate studies: geoconservationist 

We, the geoscientists, need to build a new code of ethics for the management of the
environment and the use of natural resources. Involved in the safeguarding of the
past, we should contribute to a new design for the future. A real and complete
strategy for the implementation of the whole spectrum of issues concerning the
geological heritage conservation and geosite protection. 

But first of all geological heritage and geoconservation needs young people with
ideals, contemplative abilities, new qualifications and qualities, scientist-citizens who,
through the professional arena will contribute to a better quality of life; their
conturbation being consistent with the principles of the science which is key to the
interpretation of the world, and the origin of Man. We need modern researchers and
aware citizens, with a developed personality, confidence in their abilities and respect
for abiotic nature.

These new professionals are indispensable in all steps and phases of geoconservation,
a sine qua non for the implementation of relevant strategy. They will cover a
professional domain and a labour market that starts to be shaped in the
environmental professions, and only exists per se in a few countries.

The recording, promotion, legislation, protection and management of geosites
provide new occasions for the employment of geoscientists, new expertise, new
professions, and another profession, the geoconservationist with post-graduate
level, relevant training. Geological departments in the universities are called to
prepare a masters degree on geoheritage conservation (Theodossiou-Drandaki, 1996;
1998). 

So far, and this inquiry is not complete, the Birkbeck College, the University of Wales
(M.So.) and the Open University in U.K. give some relevant courses, as well as the
University of Ljubljana in Slovenia, while in the University of Athens diploma research
has started. 

Some indications in headlines of where these specialists, geoconservationists, are
indispensable for systematic geological heritage conservation follow:

1st phase: Registration, cadastral of geosites
2nd phase: Legal framework regulations, protection. 
3rd phase: Geosite management; different geosite status can be distinguished: 

• Inaccessible. 
• Under exploitation (active mine, quarry). 
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• Set aside for another use ( for instance, road construction).
• Of recognized geological importance and high scientific and

educational value, and with protected status.
• Has another protection-management status

4th phase: Education, public awareness: together with communicators,
teachers to prepare programmes of environmental education in its broader
sense, with modern methods of communication and dissemination, without
sentimental exaggerations, but with rationale and consistent justification. 

He or she, the geoconservationist, needs capability as well, to cooperate with other
specialists and institutions in the conservation field, for the creation of a common
language, for the integration of the geological parameter of the environment.

Geoconservationist, an applied discipline (NCC, 1993): promotion and
development of Earth-science conservation as a new, very interesting applied
discipline, for the investigation of conservation techniques, management and costs of
making sites safe, improving access to and maximizing research and educational
potential value. Furthermore, the knowledge to measure the impact of other
potential uses and proposing other alternative sites for certain uses is appreciable.
Also cost-benefit studies are very necessary, quantifying some aspects of preservation,
even intrinsic whenever possible, and calculating the geoenvironmental cost.

All the above require developed ecological thinking, knowledge of the integrated
environmental parameters, vision and the background of a generalist. 

We consider that the new qualities which geoscientists could acquire in a post-
university learning cycle geoscientists, will help them to implement an adequate
policy, and that this wild be a first key factor for geoconservation to be successful.

AWARENESS-SENSITIZATION INCREASE

Planning authorities, public and generally all those involved with sites as mineral, waste
disposal and engineering companies would benefit from being trained in the concepts
of geoconservation for the acquisition of the knowledge and so they learn the rationale
for responsible economic exploration and management of mineral resources.

Local authorities of all levels have become a very critical target group, as gradually
they are the decision makers for the application of all policies in their area.
Consequently, if they are aware and involved, they can take the best decisions. In
those parts of the world where an effective planning system operates the truth of this
is to be seen.

LABOUR RE-ORIENTATION SEMINARS

The new century already in front of us requires more responsible, integrated and
consistent life styles for what sustainability promises, and consequently new
occupations and changes in the labour market will appear. Concerning
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environmental professions, the labour market is in a state of remarkable growth.
We geoscientists should be prepared for these changes and in a position to
cooperate, providing these new specialists. So far, it is obvious that there are not
enough experts to respond to the requirements of geoconservation. We have to
admit that although the promotion of the geoheritage ideals in a lot of countries has
increased (and in some geoconservation has been fully integrated into nature
conservation for many years), adequate and urgently demanded vocational training
for geoconservationists lags far behind. And this in opposition to the emerged
perceptible demand from the environmental labour market. 

Besides the post-university studies, already mentioned, we need to train other worker
groups such as workers in construction and the extractive industry, local authorities
staff, tourist office staff and guides, hoteliers and owners of camp-sites, collectors,
museum staff, NGOs on the issue of sustainability including geological heritage
principles and sites, integrating new ethics into their work practices.

Also ex-workers of abandoned quarries and mines, today unemployed, may be able
to work as tourist guides, after been properly trained, at these sites which are
properly restored and managed. This vocational re-orientation will help peoples’
morale as well as introduce new values, qualities and life style. 

SCIENCE-RESEARCH-EDUCATION MUTUAL SUPPORTING NETWORKS: SITE
NETWORKS, HUMAN NETWORKS, TECHNOLOGICAL NETWORKS

“TODOS EN RED PARA EL NUEVO MILLENIUM”

Geological heritage is a relative new applied scientific field, not quite justified
scientifically, still under theoretical and ideological identity investigation, concerning
its epistemological dimension (Katsikis, 1999). As such, the necessity of a clear
definition of its aims, objectives, activities and at the same time its didactic is
indispensable. Within the task of teaching about geological heritage, is the one of
teaching about scientific methods, or at least those that fit with geological heritage
as school and education topic. 

In other words, there is a dialectic relationship between these three areas: geological
heritage scientific domain ⇔ geological heritage didactic ⇔ geological
heritage education. Concerning a geological heritage didactic:

• defines, describes and justifies the content and the principles of geoheritage
education

• defines, describes and justifies the geological heritage lesson 

• supports the teaching and learning on geoheritage and the creation (at first,
the critical consideration) and later the evaluation of school curricula. 

Education in all its aspects (research, education, public awareness, sensitization,
acquisition of new abilities, attitudes, expertise) requires the following prerequisites:
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SITE NETWORKS

1. Compilation of a complete national network of the most critically important
sites with the relevant criteria (SSSIs: Wimbledon et al., 1995). 

Such an educational and scientific resource network (for research and leisure) is
addressed to:

a. Researchers from the (international) scientific community. 

b. Undergraduate students for in situ education on special geological
phenomena. 

c. Teachers with students who, in collaboration with the specialists in
geoconservation, will be initiated into how they may decipher the
geoenvironment. This will help, on the one hand, to give a more essential
purpose to the students’ excursions, and on the other to make a change to the
places which are habitually chosen (same period, same places, all the schools
together).

d. Public and amateur geologists with special requirements, people interested in
having answers to questions about our remote past and human origins, under
special guidance.

Finally, these sites are not useful to specialists only, but to the human beings as a
whole. 

2. Compilation of the network of sites interesting for their local scientific
importance or interesting for their educational, historical, cultural, recreational or
aesthetical value or for ethical reasons (again with the proper criteria). 

This network of “second-tier” sites should depend on informal arrangements with
local authorities through local groups and initiatives, for their conservation (like SINGs
and RIGS, for instance), as just a few of the sites can be formally protected by law.

Some examples of other site networks are:

– The list of cultural and natural sites covered by the Convention of World
Heritage of 1972 of UNESCO (552 sites): 418 Cultural, 114 Natural, 20 mixed
(in 112 countries). Obviously there is a greater number of Cultural Sites in the
list, although UNESCO World Heritage Centre recommends a balance between
them. It should be mentioned also that in the 1972 Convention the geological
heritage is quite clearly mentioned. 

– The network of Geoparks of Earth Science Division of UNESCO, a novel
proposed initiative for gaining international recognition for locally or regionally
important geological sites. The equivalent in biotic environment protection is
the MAB project (Man And Biosphere Reserves).

– The Devon County Council educational registry of geological sites (Page and
Chamberlain, 1999)

– GRECEL educational pack case studies (Eder et al., 1998)
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HUMAN NETWORKS

Through the GRECEL project and the seminars connected with it, a network of
teachers has started to expand all over Europe. The members of this network, via
their schools, can prepare common projects and works. But, teachers in order to
continue working on geological heritage need the support of the geoscientists who
are involved in the geoconservation in their country.

This problem has an easy solution, as the human network of ProGEO is continuously
expanding in all of Europe, from the one end to the other. If the ProGEO community
is involved in the support of education, the sustainability of educational activities can
be assured. 

The whole scheme can work in the following way: 

GRECEL and other education projects⇒ GRECEL and other education courses
and seminars⇒ Trained teachers⇒ Network of teachers⇔ProGEO network. 

This task needs to be embraced in the framework of ProGEO, so that the
sustainability of GRECEL idea becomes strengthened.

TECHNOLOGY NETWORK AND ON-LINE EDUCATIONAL PROGRAMMES

– The most famous, and extensive, INTERNET; the advent of which at the end of
this millennium is comparable with the advent of windmills at the turn of the
last millennium. By means of the Internet, links can be established with a
diverse range of geoconservation and educational Websites. 

In the past 20 years or so, new technology has revolutionized the workspace.
We must now ensure that our education system provides young people with
the tools they need as adults in tomorrow’s society. And teachers and trainers
should have access to the tools that other professionals take for granted.

– The NETD@YS Europe network via the Internet, has a lot of conservation and
heritage interactive and on-line activities. 

– UNESCO: The International Registry of Innovative Practices Promoting
Education, Public Awareness and Training for Sustainability (UNESCO –
GRECEL, 1999). It is a Knowledge Management System in Support of Chapter
36 of Agenda 21.

UNESCO, as task manager for Chapter 36 of Agenda 21, together with a growing
number of partners, is developing an international network of registries, using the
latest World Wide Web technologies. At the completion of a development and
testing phase, UNESCO will provide the software and protocols needed to create and
operate national, institutional, or local nodes at low cost (UNESCO – GRECEL, 1999).
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TECHNOLOGY AS A TOOL: THE NEW CAPABILITY OFFERED BY THE WORLD
WIDE WEB

Within a society, which is gradually acquiring the features of the information and
knowledge society, the development of information and communication tools and
their introduction in schools appear to be imperative needs. Consequently, the
involvement and familiarization of teachers and students with multifaceted and
beneficial information technology is indispensable. Technology, in this century, has
developed very quickly. It affords entirely new tools and possibilities for the
advancement of teaching and learning practices. From the educators’ point of view,
the greatest expectations concerning educational technology are focused on the
Internet. It and its resources can be used to support a large scale of learning activities,
such as: accessing and sharing information, local and global collaboration among
students and experts, and facilitation of inquiry learning. The Internet can free
teaching from the physical boundaries of schools and the time constraints of class
schedules. Despite positive results and visions of networked learning, we should also
take into consideration the challenges of Internet and its resources. The flood of
randomly accessed information does not necessarily aid in the building up of
knowledge, nor in the process of making value: quantity is not synonymous with
quality, and important items must be decoded from the mass. Judgements and
achieving mutual understanding appears to be very hard in the network
environments. The aim of the present comments is to critically examine the potential
and pitfalls of the Internet in education, by reviewing international publications and
research articles which examine the current conceptions and issues of networked
learning.

CONCLUSIONS

For successful geoconservation education, finally we need:

1) Promotion of the geoconservation idea in all stages of school curricula and in
environmental education programmes; as well as increasing awareness and
vocational orientation and re-orientation programmes.

2) Development of international networks and links. 

3) Through communication, collaboration, and network development, the situation
is improving considerably. Geoconservation and education build bridges that bring
all of us closer together.
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ON THE ROCKS IN EUROPE

A NEGLECTED HERITAGE

It is opportune at the close of the millennium to review geological interpretative
provision within the continent at the forefront, and consequently with a long history,
of geological discovery and innovation; the names of Europe’s past geologists and its
sites still prominently figure in today’s literature. It is also timely to review techniques,
and consider avoidable pitfalls, in the presentation of these sites, since: “The public’s
opinion can be an effective support in the political arena, especially on the local level.
However, the problem is that the general public like the politicians, etc. knows almost
nothing about earth sciences. . . the geological education at schools is in most cases
far from sufficient . . . Popularization . . . can be a great help to bring people in
contact with earth-scientific aspects.”(Gonggrijp,1997,p.2946-2947). “Geologia”
(the root of our modern “geology”) was first used by Richard de Bury (Bishop of
Durham from 1333 to 1345) in his Philobiblon and first widely published in Naples
in Sessa’s Geologia del Dottore of 1687. Europe’s legacy of archaeological,
historical and industrial sites and artefacts is widely recognised, valued, conserved
and promoted as a tourism asset. In contrast, both ancient and recent industrial and
mining landscapes have been virtually obliterated from the tourist gaze, by amenity
landscaping ostensibly to safeguard the environment. They are sanitised into
photogenic backdrops. Despite geology’s contribution to the development and
sustainment of past industrial and present post-modern Europe there is little public
awareness of the richness, cultural significance and threats to that heritage;
exemplars from the history of geology illustrate both the diversity of the resource
base and its tourism potential.

A PUBLISHED HERITAGE

The beginnings of modern geology can be traced to the late sixteenth century; for
example, the first British regional geology account is Owen’s On the course of
strata of coal and lime in Pembrokeshire of 1595. Seventeenth century
observations included those of Steno and Scilla who recognised Malta’s “tongue
stones” as fossil sharks’ teeth. Steno’s 1646 visit to Malta helped him develop the
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“principle of supersition”. Scilla also recognised in Sicily the extent of former seas, as
evidenced by the petrified remains of sea creatures he found well inland. Hooke, in
1668, suggested that fossil turtles found near London indicated a past warmer
climate. Hobbs in The Earth Generated and Anatomized, of about 1715,
suggested that Genesis’s days were much longer than present ones; he also noted
that tilted strata were originally deposited horizontally. Concomitantly, Strachey
recognised, but did not fully explain (that was left to Hutton), the unconformable
nature of some geological boundaries. Lister, in 1684, presented to the Royal Society:
“ . . . an ingenious proposal for a new sort of maps of countries, together with tables
of sands and clays, such as are chiefly found in the north parts of England.” and
William “Strata” Smith met that challenge in 1815 with A delineation of the strata
of England and Wales, with part of Scotland. Buch produced his geological map
of Germany in 1824 and also made detailed observations on the structure and
formation of the Auvergne region of France. Economic geology was advanced in
Germany with Werner’s installation as ‘professor’ of mining at Freiburg; he
introduced the first practical natural science instruction courses and geologic field
excursion programmes. Kurze Klassifikation of 1787, a systematic study of rocks
and minerals, is his enduring legacy. From observations at the Scheibenberg he
propounded the ‘neptunism’ theory. Hutton, however, propounded the ‘vulcanism’
theory from a similar Scottish locality (Arthur’s Seat, Edinburgh), and in his Theory of
the Earth, with proofs and illustrations of 1795 fuelled half a century of heated
debate. Europe was where much of the work on the relative dating of strata and the
naming of geological systems was undertaken. Murchison and Sedgwick, working in
Britain, completed much of the work; they founded in 1835 the Silurian and
Cambrian (the Ordovician separating them was proposed by Lapworth in 1879),
respectively, and jointly founded the Devonian in 1839. Murchison’s 1845 The
Geology of Russia and the Ural Mountains led to the recognition of the Permian.
Conybeare and Phillips established the Carboniferous in 1822. In mainland Europe,
Humboldt named in 1795 the Jurassic in Switzerland and d’Halloy the Cretaceous in
France in 1822. The first purely scientific account of fossils was Woodward’s A
Catalogue of the additional English native fossils in the collection of J.
Woodward M.D. of 1728; his collection, with some of Scilla’s fossils, is in the
Sedgwick Museum at Cambridge, where he endowed Britain’s first university geology
chair. Plot illustrated in his 1677 Natural History of Oxfordshire, but did not
recognise, Europe’s first dinosaur bone. Some 150 years later, after it was lost,
Megalosaurus became the first named dinosaur. This was overshadowed by Mantell’s
discoveries, from 1821, of Iguanodon; now displayed in The Natural History Museum,
London. His 1825 Royal Society paper introduced the “Age of Reptiles”, now
commonly applied to the Jurassic. Cuvier in France was the first to scientifically
analyse skeletal remains; recognising the “succession of life”, he developed the
catastrophism theory. The existence of giant, fearsome, prehistoric creatures was
established by the first quarter of the eighteenth century and they featured in De la
Beche’s famous 1830 reconstruction of ancient life, Duria antiquior. One of
Europe’s first attempts to accurately depict, although still Genesis-based, the
geological past was Scheuchzer’s Sacred Physics of 1731. Gesner’s De Rerum
Fossilium, Lapidum et Gemmeramum maxime figuris et similitudinibus liber
of 1565 was the world’s first illustrated geology book. Martin’s 1809 Outline of an
Attempt to Establish a Knowledge of Extraneous Fossils on Scientific
Principles was probably the world’s first introductory palaeontological textbook.
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Arguably the most significant and influential geological textbook of all, at least in the
nineteenth century, was Lyell’s Principles of Geology (1830-1833); in print in
various forms for some fifty years.

SELLING GEOLOGY

ALL TOO SCHOLARLY

Additionally, many of Europe’s museums, libraries and universities house historically
important geological specimens, papers and publications. The would-be geological
interpreter clearly has a wealth of historic and site-based resources. Well-prepared
and presented informational and interpretative materials at geological sites are good
for generating public interest, enthusiasm, support and funds. But, with professional
peer credibility focused on scholarly research and publications, and not populist
materials, little of the wonderment of discovery and history is communicated to the
public at most sites. Public indifference - except about dinosaurs, volcanoes and
earthquakes - on geological matters, possibly due to the perceived unfamiliarity and
complexity of its materials, ideas and terminology, compounds the situation. Such
elements are in common with botany and might be due to societal changes caused
by rapid technological advances: “ . . . driven by . . . a desire for greater speed . . .
speeded up communication . . . produced people with nimbler brains, but reduced
attention span. Botanists too must share some of the blame for the impression that
plants are boring . . . They delight in obscure scientific terms . . .”(Ennos,1998). The
usual selections of scientifically important, but obscure sites (Hose,1997,Fig.1) for
interpretative schemes also mask geology’s intrinsic interest and broader societal
benefits. Many displays emphasise discrete elements such as rocks, minerals and
fossils instead of the holistic approach to past events and environments. They are
really 3D textbooks, rich in jargon, obscure facts and remote events. They demand
knowledge, understanding, skills and timeframes unavailable to most users. This
might be due to an unfamiliarity with the nature of “site-specific geologic
interpretation”, which can be defined as: “the revealing of meaning and value of a
site by translating geology’s technical and scientific language, data and concepts into
meaningful commonplace facts, terms and ideas, based upon the experiences,
knowledge and understanding of non-specialist persons”. Personnel with little or no
educational and interpretative training often construct displays on limited budgets.
Attempts to update them employ the techniques and technologies associated with
the mass media; these lack the authenticity of actual specimens and there is no
evidence that they are more communicatively competent than traditional approaches. 

BETWEEN A FOLLY AND A CENTRE 

One of the first British informal geological attractions was Oatlands Park folly (near
Weybridge) built between 1760 and 1778 (and demolished in 1948!) and adorned
by mainly ammonite fossils, and encrusted with recent shells and real and artificial
cave features such as stalagmites. Britain can also lay claim to having the world’s first,
albeit with laudable educational aims, geologic theme park of 1854; this had three-
dimensional re-constructions of prehistoric animals and plants atop accurately
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rendered stratigraphic sequences at the Crystal Palace, London. The first British public
geological museum, of 1841, was that of the Geological Survey; it displayed useful
minerals, stones and manufactured items such as metal castings. By the 1930s, after
several removals, the exhibitions settled into 3D representations of the Survey’s
published Regional Guides and accounts of economic geology. The world’s first, and
surviving, urban geology trail, of 1881, at a Rochdale, Lancashire cemetery consists
of thirty small rock pillars, set up with the intent of moral and spiritual uplift since the
first is inscribed: “In the beginning God created the Heaven and the Earth. The series
of pillars commencing here with Lava and in ascending order, terminating with
Boulder Stones, elucidates the arrangement of the strata of the Earth’s crust in the
order they were formed by the Creator. Of old hast thou lain the foundations of the
earth.” The preservation and presentation of fossils in situ began in the late
nineteenth century when two ‘fossil forests’ were preserved. The first is at
Middlewood Hospital, Sheffield where a local geologist arranged in 1873 for
protective sheds and public viewing by prior arrangement. The second, from 1887, is
in Victoria Park, Glasgow and is probably the world’s oldest geological visitor centre. 
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TRAILING ALONG VERSUS EXPERIENCES 

After these promising initial developments little further innovation was achieved until
the 1960s. Somewhat overtaken by North America, Europe continues to push the
global geological community into the conservation, presentation and promotion of
geology. The Mortimer Forest Geology Trail, Ludlow, completed in 1977, was the first
purposely-established educational trail. A tourist centred trail, with much British
design input, was opened in 1994 at Gerolstein, Germany. The provision from the
1980s of collecting facilities, such as at Writhlington near Bristol, from relocated spoil
and other waste material is a user-friendly geoconservation measure which directly
benefits the experience of the recreational geologist. Another aspect of interpretative
provision, perhaps promotion focussed, is the affixing of informational
commemorative plaques to either buildings or some geosite feature; for example at
Ludford Corner, Ludlow on the founding of the Silurian. The oldest British geological
memorial is that to “Strata” Smith, of 1891, at Churchill, Oxfordshire. From the late
1980s geology-focussed heritage and visitor centres opened in Britain such as the
National Stone Centre and the Charmouth Heritage Coast Centre. Within Europe, for
instance, there is the Puy Du Dome visitor centre, France and the Garrotxa Volcanic
Park ‘museum’, Spain. Such centres provide a range of services such as exhibitions,
talks and guided geologic walks. Meanwhile, a revolution has occurred in museum
exhibitions. The keynote British event was the Geological Museum’s 1973 multimedia
The Story of the Earth - the first permanent exhibition to explore plate tectonics. It
was followed by other attractive, but not so innovative, exhibitions such as British
Fossils that adopted a traditional specimen-rich approach. These approaches
culminated in the mid-1990s replacement exhibitions such as The Power Within
(geology based) and Restless Earth (geomorphology based). A 1999 spectacular
multimedia, and some would argue lacking the authenticity of specimens, exhibition
is the Dynamic Earth centre, Edinburgh - supposedly celebrating Hutton’s great text.
There are similar examples of widespread multimedia usage in the USA; for example,
the Devil’s Canyon Science and Learning Centre, Fruita, Colorado. However, to a large
extent these are overshadowed in Colorado and elsewhere by presented in-situ
vertebrate fossils at spectacular sites such as Dinosaur National Monument Visitor
Centre where their preparation can be witnessed. Again, a number of trails have
been developed in classic dinosaur hunting territory, such as Rabbit Valley and Riggs
Hill (site of the first Brachiosaurus, one of the world’s largest dinosaurs) where panels
and plaques direct the tourist to find spots. Economic geology sites are also
interpreted; for example the Raven A1oil field at Rangely. During the 1990s British
effort has been expended on the production of interpretative panels; the first of
these, sponsored by English Nature, were at Hunstanton, Norfolk and Scarborough,
Yorkshire in 1993. A unique 1992 presentational approach is the European
Community of Stone, at Frome, Somerset; a henge of monumental stones
representative of the geology of the then twelve member states and one of the few
pan-European, EC funded, geological interpretative projects. In North America, and
well before Europe, the potential of the mass media to promote and popularise
geology was recognised in the 1950s. Probably the first of these, and radio-based,
was WGBH(Boston)’s 1954 broadcast of an elementary geology course, with
associated classroom teaching. The BBC eventually used a similar format in 1988.
Geology has had greater coverage on North American and European television. The
first British programmes were the one-off BBC productions The Restless Earth (1972)
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and The Weather Machine (1974). The trend has continued up to the present with
Earth Story (1998) and Walking with Dinosaurs (1999). All had accompanying
populist books. There has been some crossover between television, video and digital
media. Most recently the internet has been associated with such programmes and
has also been used to distribute itineraries and ‘virtual’ field trips. However, an
apposite caution is that whilst: “Television programmes, museums, teachers in
classrooms and videos at home all have a part to play, but experiencing something
for real, in its natural place, with your own eyes, ears, nose and touch, has a lasting
impact and a clarity which cannot be reproduced. More and more people have the
opportunity to experience the countryside for real, more and more people want to
experience real places.” (Barrow,1993,p.271). 

PANEL BEATINGS

In examining trailside interpretative provision for tourists and like recreationalists it is
informative to focus upon site panels, as these are the most suitable medium for
unplanned casual usage. They can draw attention to a site and also focus usage
within it. They are available throughout the day and all year to users and, for them,
they are free! On-site panels and associated trails have the potential to actively
involve users in the learning process and: “Site information signs have the additional
value of beneficially raising the public profile of the implementing sponsor by
demonstrating a commitment to environmental and heritage issues”
(Page,1994,p.433). All geological trails and their media incorporate either
‘Traditional’ Geological Trailside Themes such as: a) Lithological - description of rock
units and types; b) Stratigraphical - the sequence of rocks and the implications; c)
Structural - tectonic features and their implications; d) Palaeontological or
Mineralogical - to admire, examine or collect and/or ‘User-Friendly’ Geological
Trailside Themes such as: a) The Unusual or Unique - the oldest rock or fossil; b)
Internal forces - faulting and folding; c) Land-shaping Processes - action of the sea,
rivers, ice or volcanoes; d) Environmental - what life, the land and climate were like
in the remote past; e) Economic - finding and exploiting mineral resources and f)
Historical - the lives and work of geologists. The former group is favoured by
academic geologists and educationalists, the latter group by tourists and like
recreationalists. The holistic is preferable to the dedicated geological approach. It is
worth noting that those who ‘consume’ panels generally have different mindsets,
past experiences, knowledge and understandings to those who prepare them. 

HOOKED ON GRAPHICS

Published best-practice, observation studies and the author’s research suggest that
interpretative panels with high attracting and holding power, and apparently
communicatively competent in terms of informational exchange, are characterised
by being graphics-rich and text-poor, with much ‘white space’. The ideal ratio of
these elements is approximately 2:1:1. Graphics should not duplicate what the user
can see, unless they either add explanation or engage them in focussed observation
- revealing that which they would normally not notice. Photo-realistic graphics can
beneficially affect their attracting power, but are difficult for people to recall and
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identify their elements. Simple, one or two colour, graphics are more memorable.
The selection of type to establish a text hierarchy is also significant in attracting or
deterring potential users. The author’s “rule of three” should be applied in the
production of easily-read panels. There should be no more than three different
typefaces, typeface embellishments or typeface sizes. Further, this can also be
applied to text layout and content, in which there should be no more than three
main blocks of text, body text hierarchies, or concepts, ideas and facts linking
themes within a unifying storyline. Further, the style and vocabulary should be
suitable for a reading and comprehension age of 13 years or less; this can be
relatively easily gauged with one of the standard educational reading and
comprehension tests in widespread use. 

For communicative competence and cost-effectiveness, graphic elements (such as
photographs and drawings) should not be used gratuitously: a few bold graphic
elements are better than crowded graphics with numerous elements. Some
common comparative scale should be given with drawings. Location maps and site
plans require especial care, because at least two-thirds of the population have
inadequate map skills; mere enlarged copies of topographic maps are unsuitable -
much better are ‘bird’s eye’ views. Graphics that have a strong seasonal bias should
be avoided - the depiction of deciduous vegetation is an especial problem - since
they might confuse the out-of-season user. The text content should provoke users’
interest or curiosity by relating to their lives and experiences; it should also reveal a
site’s story as part of an overall theme, present information at an appropriate level
and finally fire users’ imaginations by imparting something of geology’s fascination
to them. The overall colour scheme should harmonise with the location and be
appropriate for the specific environmental setting; for example, lighter colours and
greater contrast should be used within gloomy settings. Panel shape is also an
important design aesthetic and attracting power consideration. Oblong panels, in
the ratio of 5:3 and 5:4, are more visually appealing than square or panoramic ones.
Research has examined the relationship between panel graphical elements, holding
and attracting powers and communicative competence. ‘Holding power’ is a
measure of how long people view a panel and can be expressed as a range or a
mean. However, it is not a measure of communicative success; viewers might spend
much time at a panel because they are either confused or trying to read a difficult
text and storyline; although most casual, rather than educational, viewers are not
that persistent! Further:

Attracting Power = Potential Number of Persons Viewing Panel
Actual Number of Persons Viewing Panel

The ideal is to increase the expectation of reward and decrease the anticipated effort
to obtain that reward through the use of competent typography:

Likelihood of Selection = Expectation of Reward
Effort Required

Expectation of reward can be promoted through the use of uncluttered or bold
designs with limited text. Panel siting and location are also crucial to their
effectiveness. They should be in well-illuminated areas and users should not be
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expected to make unnatural detours; they should be at a comfortable viewing
height and distance and they should neither obstruct paths nor create circulation
bottlenecks. They should be in locations with existing high numbers of visitors. The
author’s research has shown that otherwise well-designed panels are ineffective
because they are at locations with limited visitor throughput. Panels should be of a
size, construction, materials and siting appropriate to the host environment and the
likely number of users. Several small panels with little content are better than a
single large one with much content; this enables several user groups to progress
sequentially from one information set to another. When visitors pass a panel either
without pausing to examine it or merely giving it a cursory glance, it suggests bad
design, poor location and siting, and probably also too much competition from
adjacent environmental elements.

FENCES TO PERGOLAS

Outdoor panels can be categorised on their “Primary Function”. Examples: a)
instructional or prohibitive - “Do not collect!”; b) informational - “This rock is 3.8
billion years old”; c) interpretative - “This is the oldest rock in North America and
was formed before there was any life”. Although interpretation involves the
imparting of some information, it is primarily concerned with evoking a response, by
revealing significance, to the user that will encourage a positive attitude to the site.
Outdoor panels can also be described or categorised on the basis of their “Basic
Typography” (or layout): a) text only; b) graphics only; c) equal text and graphics; d)
text-rich/graphics-poor, and e) graphics-rich/text-poor. They can also be described or
categorised by their “Means of Support” (or presentation): a) fencing or walling; b)
building elevation; c) rock face; d) post; e) banner post; f) table-top; g) lectern; h)
footstool; i) plinth; j) stand; k) kiosk and l) pergola. Panels of an instructional type
should be sited to defend vulnerable points. Panels, especially those of a general
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known) dinosaur and a
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records the event.



informational type, should be at nodes where people congregate: such as entrances,
vehicle parking fee stations, public conveniences, and even around the walls of
cafes. Of course, a common constraint on the location and siting of panels is that
significant geological features, as well as viewpoints or access points, are fixed and
cannot be changed.

GEOTOURISM and GEOCONSERVATION

GEOTOURISM AND GEOTOURISTS

Given that the content, design and presentation method of geological interpretative
media greatly influence usage by tourists and other recreationalists, it is somewhat
surprising that until quite recently virtually nothing had been done to gain an
understanding of such media and their users. The author’s research, framed within
the evolving field of “geotourism”, has addressed this shortcoming. This is partly
focussed on the activities of persons termed “fossickers” in Australasia and
“rockhounds” in North America. In Europe the somewhat disparaging label
“amateur geologist” is employed; “recreational geologist” might be a better
summary term. Meanwhile, “geotourism” and “geotourist” are rapidly passing into
common usage, often in obscure confidential reports and proceedings, without
widely accepted definitions. In Malaysia, the term “tourism geology” (along with
undefined “geotourism”) has been used for a new branch of applied geology that
would: “ . . . support the growth of ecotourism . . . worldwide. This new approach
will place conservation geology at the same level of importance as the widely
recognized conservation biology and will push geology to the
fore.”(Komoo,1997,p.2973). Some authors are content to utilise the terms, due to an
evident lack of dedicated research, either without or with vague definitions.
Consequently “geotourism” becomes merely: “travelling to experience geological
sites” or “travelling in order to experience, learn from and enjoy our Earth heritage”
and as such divorced from geoconservation, the primary purpose in the author’s
original model for establishing such provision. The first widely published definition of
‘geotourism’ appeared in a professional interpretation magazine as: “The provision of
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RABBIT VALLEY, Colorado,
USA: a pergola structure
with window box panels
and pinboarding for
temporary displays. It
provides shelter and shade
at the semi-arid site,
which is  a major dinosaur
excavation and research
site with a linear trail.



interpretive and service facilities to enable tourists to acquire knowledge and
understanding of the geology and geomorphology of a site (including its contribution
to the development of the Earth sciences) beyond the level of mere aesthetic
appreciation.”(Hose,1995,p.17). It evolved from a working definition adopted at the
outset of a major research project, that included some English panels, in which the
theme of ‘site-specific geological interpretation’: “The promotion and explanation to
a non-specialist audience of the geologic features and/or significance of a delimited
area by either a fixed facility and/or populist publication.”(Hose,1994,p.2) was
explored. The research, following the author’s fieldwork with school parties especially
and his recognition of the dramatic loss of British fieldwork sites, developed as a
vehicle to add value and significance to geological features and sites rapidly being lost
through ignorance and neglect.

The terms require substantial revision and it might now be best to regard:
“geotourism” as the: “provision of interpretative facilities and services to promote
the value and societal benefit of geologic and geomorphologic sites and their
materials, and ensure their conservation, for the use of students, tourists and other
recreationalists”. Whilst, “dedicated geotourists” are: “individuals who purposefully
select to visit geological and geomorphological sites and exhibits for the purpose of
personal educational or intellectual improvement and enjoyment”, and, finally,
“casual geotourists” are: “individuals who visit geological and geomorphological sites
and exhibits primarily for the purpose of pleasure and some limited intellectual
stimulation”. These definitions re-emphasise the educational usage and essential
geoconservation component of such provision. Further, they indicate that geotourism
includes an examination and understanding of the physical basis of geological (and
geomorphological) sites. It is also clear that it encompasses the life, work,
publications, notes and artwork, correspondence, diaries, collections, workplace,
residences and even the final resting places of Earth scientists.

At the participant level, it is about “recreational geology”. As such, even in northern
Europe, it is generally not limited by the seasons; the herbaceous deciduous
vegetation layers die back, making it easier to find and see rocks and landforms, in
the short Autumn and Winter months. Importantly, these are the times when
geotourists are unlikely to negatively impact upon bioconservation. It could markedly
extend the tourism season in suitable, especially coastal, areas. Clearly, such a
strategy depends for its success upon the identification and conservation of its
resource-base, a knowledge and understanding of its user-base and the development
and promotion of effective interpretative materials. It could generate public and
political support and funding for the upkeep of sites and collections, when many
governments’ geoconservation measures are either compromised by a shortage of
funds or paralysed by a lack of political will. 

THE CORE CHALLENGE

Geoconservation in Britain has acquired added credibility with the renaming of the
Geological Society of London’s Geological Conservation Committee as the
GeoConservation Commission - a forum to: “ . . . promote the conservation of Earth
heritage and to ensure that we pass it on in good order to future generations for
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investigation, education and enjoyment”. It clearly has some crossover with
geotourism. It can be defined as: ìthe dynamic preservation and maintenance of
geological and geomorphological sites, together with collections of specimens,
materials and documents” and is somewhat interchangeable with the terms “Earth
heritage conservation”, “Earth science conservation” and “geological (site)
conservation”. It implies an evolving flexible approach rather than preservation in
some notional fixed state. It is about preventing damage or loss whilst maintaining
both intellectual and physical access. Sustainable geotourism is based upon
controlled site husbandry and professional collections’ management. Much of the
value of geological sites lies in the availability of, and access to, specimens and the
appearance of fresh rock exposures; they actually benefit from limited disturbance,
such as cleaning and plant clearance, but not over-collecting. Geotourists must be
encouraged, rather than hammering in situ rocks, to collect loose material, sketch
and take photographs. The challenge is to promote geotourism without destroying
its resource-base. Fortunately, there is no evidence that recreational geologists cause
much, if any, damage to sites. The most visible damage to the photogenic exposures
of fieldguides is by those professionals ignoring geological codes of practice and
inadequately supervising students; wanton rock coring is a particular aesthetic
problem.

TO KNOW THEM IS TO . . .

An initial geotourist typology (Hose,1999) based upon primary site usage linked to
interpretative provision has been further developed (Fig.1). “General tourists” are
attracted to sites by display panels and associated trails and wander from one
attractive element to another until they become intellectually overloaded or bored.
They, similar to “junior school students”, also like to examine displays. “Recreational
or casual geologists” like nothing better than to admire the view and collect from the
surrounding rocks, whilst “rock-hounds and collectors” turn over spoil heaps.
“Senior school students” and “graduate and postgraduate students” similarly like
collecting from spoil heaps and visiting quarries; they often make much use of
academic fieldguides and journal articles to track down suitable sites. Generally, most
educational groups have adequate provision; for many interpretative schemes it is
erroneously assumed, or over-estimated, that they will be the market. However, it is
likely that in the future tourists and day-visitors, especially as generators of funds and
goodwill, will be a major part of the market of geotourism provision. Knowledge of
whom visits, and why, geologic attractions should facilitate better-focussed provision.
What do me know of adult visitors usually:

• most are casual arrivals - many visits are unplanned or ‘accidental’;

• most lack basic geologic fieldwork and outdoor recreation competence - they
cannot ‘read’ maps;

• most are over 30 years of age and arrive with partners or small family groups
in which the children are under 14 years - satisfying their perceived educational
needs is the motivation for the adults’ visitation;

• most are of average reading ability - at least half have a reading age of under
13 years;
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• most are of average educational attainment - most have had the minimal of
schooling;

• most lack understanding of geoconservation issues - one-quarter have a
limited understanding;

• most are inadequately equipped, especially in their footwear, for outdoor
activities;

• most stay within about 400 metres of their vehicles - personal and vehicle
security is an issue;

• most view panels for about a minute - three-quarters ignore or pay scant
attention to them!

• most view geological interpretative panels least when they are in competition
with other subject matter;

• most express some, often much, appreciation of interpretation - ‘hands-on’
facilities are especially liked;

• most enjoy guided walks and accompanied field excursions - for the
‘opportunity to ask an expert’. 

They are willing to pay an entry fee to geological attractions - but much less than for
a theme park -. Their purchases are usually limited to inexpensive souvenir items such
as postcards, pencils and the like, rather than books. Useful as these observations are
in developing overall interpretative briefs, they merely scratch the surface of
understanding the communicative interaction of site visitors with interpretative
media. There is still little real knowledge and understanding of the effects of
interpretative media design on cognition, informational exchange, emotive response
and behavioural modification. Much of what is considered as best practice in
interpretative design has yet to be empirically tested or proven!

GEOLOGICAL INTERPRETATIVE PROVISION CONSIDERED

BESIDE THE SEASIDE

Examples of communicatively competent, in terms of informational exchange,
geologic panels highlight what can be achieved through adherence to best practice.
At Wolferton, Norfolk (U.K.) a lectern panel literally describes the viewpoint of
Neolithic people and employs everyday language: “6000 years ago this would have
been the view in front of you. Sea-levels were much higher then and below here
would have been a sea cliff, nearly 20m high and a sandy beach - beyond the sea
stretched out as far as the eye could see. This was during the Neolithic or `New Stone’
age, as people were already living in the region, and it is likely that this view was
familiar to them. As the climate changed, the sea receded into the distance and the
modern shoreline is now nearly 2km distant. Nevertheless, the ancient cliff still
remains as a curious feature of the local landscape, evidence of the changing face of
the planet we live on.” But, it is in a little visited location and its cost-effectiveness
and usefulness must be questionable. At Charmouth, Dorset a new (1998) graphics-
rich plinth panel employs roundels, which reduce the need for text, to outline fossil
collecting. The communicative competence of many other panels is questionable and
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alternative schemes are advisable. The text-rich plinth panel at Portesham Quarry,
Dorset is at a neglected location where: “The limestones range from Portland Stone
at the base of the quarry through to beds of the Lulworth Formation (Lower Purbeck).
They date from the Upper Jurassic Period and are approximately 145 million years old.
The limestones form a prominent east-west ridge with the older Kimmeridge Clays
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WOLFERTON, Norfolk, UK: a graphics rich fibreglass laminate panel in a wooden lectern mount outlining
the pre-historic viewpoint from above an old sea cliff. It is a little visited location.

CHARMOUTH, Dorset, UK: a panel in which the text has been reduced and graphic roundels focus on
specific points of interest. It is at one of England’s most prolific and important fossil locations.  



forming the low ground to the south once occupied by the old Abbotsbury branch
railway. The beds dip into the hillside (northwards) forming the northern limb of the
Weymouth anticline. The equivalent beds on the other side of the anticline make up
the Isle of Portland.” However, the real significance of the quarry is mentioned in a
small text box with reproduction line drawing: “In Aubrey Strachan’s 1898 memoir
“The geology of the Isle of Purbeck and Weymouth”, an illustration of a “tufa
enclosing a silicified tree trunk” is shown. A copy of that illustration is shown above.
The text describes it as the “calcareous envelope of a prostrate trunk found on the
lower Dirt Bed . . . 15 feet (4.6m) long and 3 feet (0.91m) in diameter at its thickest
part. The cavity which had originally been occupied by the trunk still retained
fragments of silicified wood.” This large fossil sheath of algal tufa can still be seen in
the western extension of the quarry.” It also employs a photo-realistic graphic, a
geological section and an extract of a detailed topographic map, together with an
account of the site’s industrial archaeology. Sadly, the opportunity to mention that
“You are standing on a spot where giant cycad forests overlooked by distant
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PORTESHAM QUARRY, Dorset, UK: a text-rich fibreglass laminate panel inset within a concrete capping
atop a solidly constructed, from limestone blocks, plinth. It is at a little-visited private location.



rumbling volcanoes, browsed by great herds of dinosaurs, grew about 135 million
years ago – a real Jurassic Park!” was overwhelmed by material even the dedicated
geotourist would find dull! A new (1998) graphics-rich plinth panel at Cleeve
Common, Cheltenham is visually overloaded by the inclusion of line drawings of local
fossils and a rock section ‘unreadable’ by most casual users; a fifth of the panel’s
space is also allocated to the sponsors. From a mid-1990s text-rich plinth panel at
Tout Quarry, Isle of Portland comes: “The rocks that make up Portland are Upper
Jurassic in origin, formed from sediments deposited in layers at the bottom of ancient
lagoons and seas. The upper layers (The Lower Purbeck Beds) date from approx 125
million years ago when there was a low partially submerged coastline and vast
swamp over the South of England. The Lower Layers containing the prized building
stone (The Portland Beds) date from approx 135 million years ago and are of marine
origin indicating that the area was part of a shallowub-tropical sea.” A text that, with
a 17+ year-old’s reading age, would not be out of place in a textbook! From a banner
panel near Malvern comes: “600 million years BC. Watch out! The restless Earth
brings volcanoes to the Malverns. Molten rock rises up from deep within the Earth in
great lava flows and ash clouds, some of it exploding into the sea and onto the
islands that were here – just like more recent eruptions at Mt. Pelee in the Caribbean
or Mt. Pinatubo in the Phillipines.” Which in itself is fine, even if the examples are
obscure to non-specialists, but it continues: “Lava and granites originally formed as
hot molten rock, were thrust up toward the surface by great forces in the Earth. Once
there, these rocks formed the high Malvern ridge. For the rest of this story the ridge
will always be here, as an underwater reef or a line of hills.” Overall, the text (of
which there is far too much) conveys some of the drama of past events and it is
supported by appropriate line graphics.

Readability analyses of most panels indicates an age of 17+ years and that there is
little or no attempt to involve and engage the user. They are essentially informational
with content irrelevant to the recreationalist and too technical even for the dedicated
geotourist.

ON TOP OF OLD SMOKEY 

From a large, graphically bold banner panel at a roadside parking area in the
Auvergne, France comes the somewhat technical: “Approximately 2 million years ago
there appeared magmas that were so viscous they could not flow out of the sides of
craters but formed domes; externally they kept their diameter as ‘pistons of lava’
which made vertical constructions - in the case of La Roche Teuliere in several places
and in the case of La Roche Sanadoire one place. They are made of a grey trachyte
called ‘phonolite’ because of the way this rock sounds when struck by a hammer. It
is found as tiles and flat stones commonly made from the cooled material as it
recovered from the torture . . . produced by the plastic distortion and the friction of
magma centres. The prismatic structure . . . is bound to the network of the shrinkage
cracks during cooling of the lava (like a pool of mud dries up in the Sun). In general,
columns or organ pipes orientate themselves perpendicular to cooling surfaces of the
chimney or contacts with colder lava. The rocks . . . belong to the volcanic Ajguiltier
Massif of which the period of volcanic activity was spread between 2.2 and 1.9
million years. This volcano was partly covered by a glacier.” Somehow, the drama of

141



(admittedly underground) volcanic activity is lost in this text! Again, the use of
everyday adjectives would have helped. From one of several panels along a trail in the

remains of a quarried Auvergne
volcano is the quite well written, if
unexciting and informational: “The
piling up of the deposits which you
can easily notice here helps to briefly
reconstitute the history of Puy de
Lemptegy. Three of the deposits are
linked with three important volcanic
periods: (1) a fissural eruption with
numerous vents that probably
occurred 70000 to 60000 years
ago(?) (2) The edification of the
scoria’s cone . . . some 30000 years
ago and, finally, (3) the explosive
eruption of . . . 9000 years ago.”
but, some of the vocabulary is
suspect! 

From Hammerunterwiesenthal,
Germany, a text-only, trailside post-
sign describes, with much irrelevant
detail, the large limestone quarry
where: “Kossmat (a geologist from
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La ROCHE SANADOIRE, Auvergne, France: a large, solidly-constructed banner panel with bold graphics,
but rich in textual explanation. However, its orientation places the viewers’ backs to the scene! Also, its
supports are a dominant architectural feature within the rural landscape

HAMMERUNTERWIESENTHAL, Saxony, Germany: a text-
only, roofed  post sign in a large limestone quarry on
the ‘silver road’ trail route.



Saxony) proved in 1915 that the limestone and the surrounding crystalline rocks
(mica schists) were folded and metamorphosed at high temperatures and pressures.
The metamorphism greatly altered the original rocks (deep sea sediments). The
limestone . . . is crystalline, very dense, solid and in parts mixed with mica. Limestone
from Hammerunterwiesenthal can be compared chemically with the limestone in
Thuringia and also the Island of Rugen, but it is however, considerably older.” It lacks
any sense of drama and an indication of the site’s rich and interesting structure and
minerals. There is little value in the comparative information for visitors. 

From a mixed text and graphics, panel at the Scheibenberg: “The basalt rock is of
volcanic origin and rests on gravels and sands which came from an ancient river,
which before the uplift of the Erzegebirge filled a broad, flat valley - into which
subsequently, in the Tertiary period, masses of lava flowed. The place where these
erupted has not been ascertained . . . Out of the cooled and solidified lava were
formed about 24 million years ago the basalt pillars, which on the northern side have
a thickness of almost 3 metres and a height of 30 to 40 metres. As the six-sided
columns are resting only on sand, they are called ‘rootless’. The exposures of the
‘Organ Pipes’ . . . took place through quarrying. . .” This text covers too many
uninteresting points. Considering its status as Germany’s most significant geo-historic
site its neglect of the human-interest that fuelled fifty years of polarised argument
and revealed the fallibility of geologists is lamentable. A picture of Werner and copy
of a contemporary illustration could better establish the site’s historic associations and
also emphasise its cultural significance.
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SCHEIBENBERG, Saxony, Germany: a roofed banner-type, text-rich panel; note the ‘organ pipes’ in the
quarried cliff. Probably Germany’s most important Geohistoric site, evidence from which led to Werner’s
development of the  ‘neptunism’ theory to explain the origin of rocks such as basalt



AND FINALLY

AN EMBARRASSING LEGACY

It might seem churlish to criticise existing provision, but there is much to be gained
for geoconservation if it leads to the widespread adoption of interpretative
approaches which are communicatively competent. Research indicates greater
attention must be paid to the vocabulary, style and informational content of displays,
panels and publications. Their relative specimen, graphical and textual content has
been analysed and a general model developed of typical and ideal media (Fig.2). Too
many are prepared with either an inadequate appreciation or total ignorance of
visitor types, needs and behaviour. Their message is often complex, confused and
irrelevant to visitors’ experiences. Writers of geological texts must select appropriate
storylines, informational and oral language content so that they present geology in
an interesting and lively manner to casual users. Unfortunately, panel mountings are
so solidly and expensively constructed that replacement in the near future is unlikely.
Poorly designed panels are an embarrassing legacy to the whole geological
community. They result from the failure to undertake adequate visitor studies, employ
geologically knowledgeable populist copywriters and experienced designers, coupled
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with the overriding desire of many conservation and sponsoring agencies to rush in
and express their territoriality in order to secure credibility and funding in the
competitive leisure-time marketplace. Perhaps, too there has been an over-emphasis
on dedicated provision such as panels, trails and associated publications. At many
locations interpretative provision could better be provided on an informal and non-
dedicated basis; for example, at roadside parking areas, in cafes and at refreshment
kiosks. Further, it might well be that the provision of permanent and semi-permanent
interpretative media is neither the most cost effective nor communicatively
competent vehicle for interpretative provision. Guided walks and personal interaction
with geologists (even good graduate students) as docents might better develop an
interest in Earth heritage amongst tourists and like recreationalists. To achieve
communicative success and conservation effectiveness, interpretative provision needs
to be widespread and appropriate to host site and culture. 

ON THE HOUSE

Present European geotourism provision is spatially and thematically fragmented. It
lacks a coherent ‘house style’, a necessary pre-requisite to acquiring a recognisable
identity. Further, due to a mismatch between informational content and users’
perceptions, knowledge and understanding, its communicative effectiveness is
limited. However, there is much that can be done quickly, even by the relatively
inexperienced geological interpreter, to address these shortcomings. Modern WP and
DTP software packages usually incorporate quite sophisticated grammar, stylistic,
reading and comprehension level tools; of course, they cannot eradicate jargon,
obscure examples and ill-conceived storylines! A cost-effective means of preparing
on-site interpretative provision is the production of general informational panels on
topics such as folding, faulting, fossilisation, historical geology, stratigraphy and
vulcanology, usable at a range of sites, supplemented with interpretative site-specific
panels. Recent quality advances and cost reductions in digital imaging and printing
systems, coupled with simple, inexpensive thermal-laminating systems, could be
exploited to enable the rapid turnaround and updating of semi-permanent panels.
These panels should conform to a unified colour, illustrative and typographic scheme.
Such a coherent and recognisable ‘house style’ could readily attain pan-European
access on electronic templates (distributed on diskette/CD-ROM or via the internet).
Readily recognisable geotourism provision requires the acceptance of a pan-European
interpretative ‘house style’ by the many and various national agencies and the
establishment of a central co-ordinating body to oversee the preparation of: a) web-
based virtual field guides and information sites; b) on-site panels; c) development of
a programme of guided site visits in popular tourist areas; d) way-marked trails for
walkers, cyclists and motorists; e) new exposures, loose and spoil-tip material for
limited ‘souvenir’ collecting; f) revamped and new museum, library, heritage centre
and even café-located displays. A pan-European integrated geotourism and
geoconservation strategy really is necessary to protect the remaining legacy of
important and interesting sites from sheer neglect, infilling, development and
restorative environmental works.

Finally:“ . . . there has been a growing interest among those organizations and
individuals who manage countryside and heritage resources in communicating with
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the increasing ‘market’ of visitors. This desire to communicate has come either from
a need to attract people (and their money) or from a deep-seated feeling that people
should know about this place, they should understand it and care about it.
Conservation education is important.” (Barrow,1993,p.271). 
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Today it is plain to see that our geological heritage needs protecting. But having said
this, it is also clear that our governments with their economic and social priorities are
not inclined to finance strong policies of patrimonial protection - not yesterday, not
today and probably not tomorrow. And this is particularly true for geological heritage.

So for years, some of us have chosen to travel down another path in an effort to
protect this heritage and improve its image.The simplest, and most direct path in the
world: economics. A million miles away from vaunting the scientific or cultural
interest of a piece of heritage, and light years away from providing scientific or
philosophical concepts to prove how necessary it is to protect our patrimony. We are
talking about proving how making the best of heritage turns it into a raw material
that generates economic spin-offs for the local population.

This is not a new approach, but it is valid for all heritage, whatever its specific
features. As for geological heritage, its economic value is revealed in what we have
called “geo-tourism”. 

Rather than embark upon a long, theoretical dissertation, I think it would be more
useful for me to describe some experiments that have been carried out in this
domain. 

If you allow me, I would like to start by presenting the case of the Haute-Provence
Geological Reserve. In my opinion, this is a unique example of sustainable economic
development created for a territory. It covers a surface area of 200,000 hectares. It is
a vast protected territory with, for example, a site museum built around an
ichthyosaurus fossil, one hundred and seventy five million years old. Another example
is the site at a fossilised sea-bed two hundred million years old: within 300 square
metres, over 1,500 ammonites were discovered.

This site has a rich history.  A mould has been taken of the whole site for a permanent
display in the city of Kamaishi in north Japan. A museum has been specially built there
with a capacity of over two hundred thousand visitors per year.

This Natural Reserve with its two thousand square kilometres of protected territory
covers two departments: the Alpes de Haute Provence and the Var. It stretches over
forty-seven communes.
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Today, managing this natural area involves creating new tourist influxes. The success
of policies of sustainable and reasonable economic development that we have put in
place over the last few years, depends upon them. The European programme for
economic development called “Leader Two”, has been a great help.
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This vast territory is of course disadvantaged. It is a deeply rural environment with a
low-density population of around seven inhabitants per square kilometre. Its
development possibilities have not been diversified. 

For us geologists of course, this territory represents the “memory of the earth”.    But
it is also, in many ways, and paradoxically, the “land of lost memories”. “The land of
lost memories” because, like many other territories, it experienced numerous
exoduses. And because of these exoduses, part of the local culture and the collective
memory disappeared, leading, over time, to an overall loss of identity. 

A loss of culture, and a loss of identity that are echoed in the failure to interpret the
geographic micro centres that federate a certain number of villages, both
geographically and historically. This lack of real inter-communality weighs heavily on
the finances of possible future development.

The economic future of this territory depends first and foremost on highlighting its
geological heritage and its global image of “memory of the earth”.

This zone is situated at the head of a triangle linking Marseilles and Nice at its base.
It is 150 kilometres north-east of Marseilles, and 160 to 170 kilometres north-west of
Nice. This makes it easier for us to situate the Reserve and its 47 communes. The
whole basis of our economic development strategy is founded on a relatively simple
analysis of geographical position.

This area is very disadvantaged, but it is surrounded by districts that function well in
terms of their economy and tourism. Based on this observation, the strategy we are
developing is very simple, even simplistic. 
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It consists in setting up at the north and south gates of the reserve, “museum units”
on a particular theme. These are intended to attract new influxes of visitors towards
the heart of the territory. Visitors are drawn along isolated valleys where they must
pass if existing local activities are to be maintained, not to mention developed. Each
peripheral “museum units” is part of a themed circuit that guides these new visitors
to the centre of the territory.

To give you a clearer picture of the situation, I would like to show you how the current
visiting rates are. The historical stroll I am about to present to you, in the central unit
in Digne-les-Bains, attracts 20,000 paying visitors per year. 100,000 visitors come to
the visit the territory. The development policy is implemented thanks to subventions
from the Leader 2 programme, and it should enable us to multiply by five the number
of visitors both to the “museum units” and the territory in general. 

These “museum units” only come to life within the framework of the prepared
circuits that link them. The circuits include over one hundred sites set up across the
whole territory, and are designed according to very clear specifications in terms of
land development. We work with landscape gardeners, contemporary designers and
Land Artists to make the circuits comfortable to follow and to pace them
appropriately. This also leads us to set up picnic areas, drinking fountains, toilets,
public phones, etc.

Just an example of how look-out spots have been designed.  The case of the wooden
pathes connected with points of view. We wanted to create a mood usually
associated with the sea-front, rather than inland zones of middle range mountains.
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We wanted quite simply to play on the notion of time, and remind visitors that here,
30,000,000 years ago, the region was below the sea.

The circuits do not function in isolation. They are supported by the rare, local, micro
economies that manage to survive in these valleys. There might be a small bar here,
a tiny restaurant there, or a mountain lodge, that we call “Reserve Information
Points”. To date, we have approved fifty one establishments, and they function in a
network. The information points are equipped with the same furniture, they all have
information boards on the territory, post-card racks, and specific display cabinets for
selling geological by-products - reflections of what geology is manufacturing today.
The people who run these establishments are not only trained to know all about the
reserve territory, but also to understand local heritage, both cultural and
environmental. This means that they are capable of giving visitors a high quality
welcome, but also of offering a local service which cannot be equalled.

With regards to by-products, I would like to point out that along with other local
economic partners, and here I am thinking particularly of the centre for local
initiatives in and around Digne, we have developed a very strong policy with local
craftsmen and enterprises. The aim is gradually to create a wide panel of by-products
that reflect geology, that generate complementary revenue for the information
points, and that also give a boost to the local economy.

Some examples of these creations:

– Pottery incorporating ammonites.  These represent almost forty per cent of the
turnover of the potter who makes them.

– Ammonite-shaped soap manufactured by another enterprise.

– Fossil moulds.  We find these very useful because they also break the fossil
market, which is a basic problem for the Geological Reserve and the protection
of its territory.

– Large scale manufacture of chocolate ammonites. 

This was quite an interesting experience.  It took us two years to finalise the
project, to design the products and to test them. The chocolate is good quality
and the enterprise that makes them has 5,000 outlets in France. 

It is repositioning its whole
marketing strategy because of
this product. The most innovative
aspect of this project is that the
chocolate manufacturer agreed
to hand over 8% of the global
turnover on sales of this product
for the management and upkeep
of the natural area we run.

I will now try to present the Reserve’s
“museum units” to you briefly. Firstly,
we call the “museum unit” situated at
the south gate, in Castellane, the
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“house of sirens and sirenians”. It functions in tandem with a site that is unique
throughout the world, situated about fifteen minutes along the road from the
exhibition.  This site is called the “valley of siren fossils”. It harbours a great quantity
of skeletons belonging to the ancestors of current sirenians that used to live in a creek
here some thirty or so million years ago. They have been remarkably well preserved
and there are even some “endocranial” moulds that reveal the morphology of these
animals’ brains. 

We use this site in two ways:

– as a tourist attraction.  We have protected one hundred square metres of the
site with a glass site-museum, 

– and as a field of science. Another section is still being excavated in partnership
with a number of universities both in France and abroad.  The science side of
the excavation work is directed by some American colleagues.

This site functions with the museum in Castellane in a system of return trips from the
museum to the site and from the site to the museum.

For those unfamiliar with sirenians, I would just like to point out that they correspond
to today’s dugongs and manatees, sea-mammals that are becoming extinct. This
“house of sirens and sirenians” presents the history of how these poorly known
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animals evolved, the problems they face today, and also the imaginary world they
sparked off, and in particular the mythology of mermaids.

In the north of the reserve, in Sisteron, our “museum unit” is devoted to time. It’s our
“museum of the Earth and of time”. It deals with time as measured by man and how
his measuring techniques developed throughout time. And it deals with time as it has
been recorded naturally by the earth.  The visitor is greeted by one of Foucault’s
clocks, and many objects – some quite rare - punctuate the visit to illustrate the
evolution of measuring instruments.
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Finally, at the heart of the
territory, at the centre of the
overall arrangement, we have
the “walking museum” in
Digne. The majority of the
Reserve’s administrative team
also works here today, in a
“newly invented” building.  A
fortified structure dating from
the thirteenth Century that
has been updated and
restored over the past three
years, by teams undergoing
social re-insertion.

The visitor takes an “initiative
walk” lasting fifteen minutes,
from the bottom of the
property where the public
enters, up to the building
housing both temporary and
permanent exhibitions. During
the walk, vegetation that has
spanned the ages and
contemporary art hopefully
inspire the visitor to reflect on
the themes of time, space and
landscapes.  The concept of a
walking museum is very
special and echoes the

concept we are developing across the whole territory. It involves very delicate, high-
quality planning, with no specific desire to be didactic but aiming to constitute a real
area of emotion and questioning. We work with contemporary artists and the three
paths leading to the upper buildings correspond to particular themes.

Our goal behind this economic development is, I believe, to create an area that invites
reflection. A place for questioning and meeting, a place for wondering about time,
time as the Earth lived it and time as man experienced it.  Wondering about the links
that exist between art, science, culture and the environment. And a place where man
quite simply comes into contact with his planet.

The development objectives for the year 2003 include:

– 100,000 paying entries to the three “museum units”

– 500,000 visitors to the Reserve territory

– and the creation of between two and three hundred jobs.

The concepts of geo-tourism and the sustainable economic development of
geological heritage are also European problems. LEADER 2 is in the process of
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structuring a European network of territories that use geo-tourism as a priority
instrument in sustainable development.

The project is piloted by four European zones. These four zones are:

– In Greece, the island of Lesbos, based on the museum of the Petrified Forest.
This is a remarkable site because of the tree-trunks that have been preserved on
it. It was declared a protected zone in 1985, and works in close partnership with
the island’s economic development structures. Numerous by-products related to
the geological patrimony are taking shape: pottery work, olive oil, etc.

– In Spain, the zone of Maestrazgo Teruel has a policy of setting up a vast
cultural park. It develops different centres of geological interest such as the
Aliaga geological park, the Galve dinosaur museum, the Molinos cave.  Its
policy of sustainable development is exemplary, managing to exploit the
region’s gigantic patrimonial potential by combining rurality with modernity
and giving priority to new technologies.

– In Germany, the Daun zone with the Gerolstein Geo-park proposes close on 60
kilometres of geological hikes.  It too is firmly based in a local policy of creating
geological by-products. 

– And in France, the Haute Provence Geological Reserve that is responsible for
managing the whole programme. 

The programme represents almost 4,000,000 French Francs and aims by the end of
the next two years: 

– to assist other Leader 2 zones to develop sustainable development strategies
centred around geo-tourism 

– to set up a veritable European network of these zones –probably thirty or so–
and to create the network’s tools (Internet server, etc.).

– to create and promote common products (geo-tourism products, pedagogical
products, etc.).

– to programme the creation of by-products in all zones in a spirit of non-
competitivity and of complementarity.  In time, this should lead to the creation
of a sort of common boutique of geo-tourism by-products, identical in each of
the zones involved.

To conclude, it seems clear to me that geological heritage and geo-tourism are
essential components in policies of sustainable territorial development. Looked at in
this light, it is possible to generate special budgets that guarantee conservation and
a sense of worth. 

But to achieve this, we must all learn to work with the other players in the territory
(development agents, politicians, town planners, heads of enterprises).  We cannot
continue to work alone on the scale of one site; we must think in terms of whole
areas that are coherent in terms of geography and society.

We also have to learn to stop isolating this heritage so dear to our hearts from the
other types of heritage within any given territory. All types of heritage must unite to
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prepare a real and coherent policy. Without wishing to provoke, I would like to say
that we also have to learn that our geological sites do not - and must not - belong
to us geologists. 

If we want to make the most of them and protect them, we have to understand and
integrate the dimensions and the values of the territories in which they are situated.
We have to learn to fit in. We must not isolate ourselves from the teams that
construct global policies of sustainable development.

Geo-tourism is not only one of the keys to developing disadvantaged territories, it is
also the key to protecting, and winning recognition for, our geological heritage. To
put the 4,000 million years of the earth’s history at the service of tomorrow.
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THE ITALIAN SCENARIO

The current national regulation rules the actions of involved institutions, notably the
Ministry of Environment, the Ministry of Environmental and Cultural Heritage, and
the Archaeological Supervisory and Local Administrations. The last is to be replaced
by the National Agency for Environment Protection (ANPA) and the Local Agencies
for Environment Protection (ARPA), in the next future. NGOs and research institutions
also autonomously foster preservation initiatives.

Law n° 1089 (of June 1, 1939) “Preservation of artistic and historic values”, Law n°
1497 (of June 29, 1939) “Protection of natural beauties” and its implementing Royal
Decree n° 1357 (of June 3, 1940) “Implementing rules for the Law n° 1497” (of June
29, 1939), assigned specific tasks to the Archaeological Supervisory Authorities.
Actually, neither the planned inventories nor the protection measures have been
realized.

More recently the following laws have been issued: Law n°657 (of December 14,
1974), establishing the Ministry of Environmental and Cultural Heritage (later
regulated by the Decree of the President of the Italian Republic (DPR)- n° 805 of
December 3, 1975) and the Law n° 431 (of August 8, 1985) “Conversion into Law
of the Decree-Law n° 312 of June 27, 1985, with urgent provisions for preservation
of areas of special environmental value” (Galasso Law). The last allowed some
geological sites to be put under protection (glacial cirques and volcanoes) for the first
time.

A more recent regulation, concerning the assignments of the Ministry of Environment
on protected areas, improves the mechanisms aimed at protecting geological sites.
The legislative references are: the Framework Law on Protected Areas, n° 394 (of
December 6, 1991); the Public Inventory of Protected Natural Areas (decision of
December 18, 1995); and the First 3-Year Programme for Protected Natural Areas.

The Framework Law identifies the targets to be achieved, according to a sustainable
development model, through the creation of Protected Natural Areas; therefore
integrating environmental preservation with sound land use and resource
management. Law 394/91 (art. 1, paragraph 2) defines “physical, geological,
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geomorphological and biological formation, singly or as a group, having considerable
natural and environmental value” as a natural resource to be preserved and valued.
Paragraph 3 also identifies as targets, the preservation of: animal and vegetable
species, vegetable or forest groups, geological singularities, fossil-bearing formations,
biological communities, bio-types, landscapes, natural processes, hydraulic and
hydro-geological balances, ecological balances. In accordance with this regulation,
the Ministry of Environment has raised the number of the National Parks to 18, the
number of the Government Land Natural Reserves to 147, and the number of the
marine parks to 7 - accounting for 1,981,287 hectares, equal to 6.58% of the
national territory.

Law 394/91 envisages a “Chart of Nature” which identifies 48 major natural areas,
named “landscape systems”, in the national territory. Within each of these areas, the
main types of habitat have been identified, according to the “Corine bio-types”
reference handbook. Specific reference to the geosites is lacking, indeed.

THE LOCAL SCENARIO

Law 394/91 has given mandate to some regions for the creation of regional parks
and natural reserves, at present a total number of 218 coving an area of 683,964
hectares. However, a detailed survey is not currently available since a census region-
by-region census is lacking. In fact the data here reported are the result of
bibliographic research.

EMILIA ROMAGNA REGION

The Emilia Romagna region has created 35 Parks and Reserves on its own territory,
some of them of special geological interest (Riserva del Bosco della Frattona, Parco
Regionale Alto Appennino Modenese, Riserva Naturale Monte Prinzera, Riserva
naturale Onferno,  Parco Regionale Alta Val Trebbia, Parco Regionale Alta Val Nure,
Parco Regionale Alta Val Taro, Parco Regionale Alta Val Parma, Riserva Naturale di
Sassoguidano, Parco Storico Regionale Abbazia di Monteveglio). In some cases,
geological, palaeontological and hydro-geological elements are the specific targets to
be preserved, such as in the Parco Regionale Pietra di Bismantova, Parco Regionale
dei Sassi di Roccamalatina, Parco Regionale dello Stirone, Parco Regionale Gessi
Bolognesi and Calanchi d’Abbadessa, Riserva Naturale Salse di Nirano, Riserva
Naturale del Piacenziano, Riserva naturale Fontanili di Corte Valle Re, Parco Regionale
Vena del Gesso dell’Appennino Romagnolo and Riserva Naturale Dune Fossili di
Massenzenatica.

CAMPANIA REGION

The State Natural Reserve of Tirone Alto Vesuvio, in the Somma Vesuvio complex,
with its great geological interest, is the only site located in the territory of Campania.
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SARDINIA REGION

One State Natural Reserve and ten Protected Natural Areas, one of which is privately
managed, are located on Sardinian territory. The regional Goverment Authority is
selecting 15 geological monuments from a list of 22, according to the provisions of
Law 31/1989; (Pan di Zucchero-Faraglioni di Masua, Perda Liana, Capo d’Orso, Perda
Longa, Textile di Aritzo, Le Colonne, Punta Goloritzei, S’Architto di S. Caterina, Su
Sterru, Monte Pulchiana, Basalti colonnari, Domo Acquafredda, Scala di San Giorgio,
Crateri Vulcanici di Meilogu, Arco dell’Angelo, Canal Grande Nebida, Colata Baaltica
Gollei, Valle Rio Pardo, Foresta fossile di Zuri-Soddì, Grotte litoranee Baunei and Vette
di Settefratelli (Di Gregorio et al., 1996).

ABRUZZO REGION

Three National Parks and one Regional Park and 13 Natural Reserves have been
created in Abruzzo. Among them the following have to be mentioned for their
special geo-morphological and landscape value: Parco regionale Naturale del Sirente-
Velino, la Riserva Naturale Regionale della Maiella Orientale, la Riserva Naturale del
Monte Velino and la Riserva Naturale della Valle dell’Orfento. Six other Natural
Reserves have special geological interest: Sorgenti del Pescara, Sorgenti e cascate di
Zompo lo Schioppo, Area carsica di Voltigno e Valle d’Angri, Gole del Salmello,
Calanchi di Atri, and Grotte di Pietrasecca.

SICILIA REGION

This region has 3 State Marine Parks and 16 Regional Protected Area. The Laws 98/81
and 14/88 have allowed the creation of 3 Regional Natural Parks (Etna, Monti
Madonie, and Monti Nebrodi) and 95 Regional Natural Reserves (Macaluso and
Panzica La Manna, 1996), several of which have significant geological interest. In
particular, 3 of them preserve geosites (Lago Preola e Gorghi Tondi, Macalube di
Aragona and Serre di Ciminna). Under the provisions of the regional Law 17/91, the
Mineral Park of Floristella Grotta Calda has been created, in the District of Enna; it
includes two deep mines in “Gessoso-solfifera” (Forti and Panzica la Manna, 1996).

BOLZANO COUNTY

This county has 6 County Natural Parks (Vedrette di Ries-Aurina, Dolomiti di Sesto,
Sciliar, Fanes Sennes e Braies, Monte Corno, Puez Odle) and 8 Protected Natural
Areas. A County Inventory of the natural heritage was realized in the past and a
County Mine Museum and a Museum in the mine of Monteneve (lead, zinc, silver
and cadmium), were realized (Tasser, 1993; 1993 a).

TRENTO COUNTY

This county has 2 County Natural Parks (Panaveggio-Pale di S. Martino and Adamello-
Brenta) and the bio-site of Marocche di Dro.
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UMBRIA REGION

This region has 3 Natural Parks (Colfiorito, Monte Cucco and Monte Subasio) and the
wetland Palude di Colfiorito.

MARCHE REGION

The Marche Region has 2 State Natural Reserves and 1 Protected Regional Area.
Moreover, in the Environmental and Landscape Regional Plan the “Geological and
geomorphological heritage of Marche Region” (Nanni, 1991) have been identified. In
this plan, 74 geological and 73 geomorphological sites have been selected allowing
the creation of 36 Natural Reserves belonging to the Regional System, while the
“Furlo Gorge” and the “Sant’Eustachio Caves” are included among the “Tended
(Oriented) Natural Reserves” (Paci and Perilli, 1992).

LAZIO REGION

This region has 7 State Natural Reserves, 16 Protected Regional Areas, along with 7
Protected Natural Areas (seven of wich are state managed and four privately
managed). Two of them have been declared a “Natural Monument” (the karst system
of Campo Soriano and Caldara of Manziana).

The Regional Information Centre has carried out three detailed surveys of geosites,
on three priority areas jointly identified by the local authority and ENEA (Casto and
Zarlenga, 1992; 1996; 1997). The survey has detected about 180 geosites, of
significance at local, regional, national and international level.

FRIULI VENEZIA GIULIA REGION

The Regional Natural Parks of Alpi Giulie, Prealpi Carniche, and the Regional Natural
Reserves of Monte Mia and Erbezzo, Val Rosandra and the Protected Area of Pesek,
north of Savogna, have geological value

LIGURIA REGION

The systems of Protected Areas of Monte Beigua, Monte Antola, Monte di Portofino
and the regional protected areas of Bric Tana and the Natural Reserve of Bergeggi
have some geological interest.

LOMBARDIA REGION 

The Lombardia Region has 13 Natural Monuments: Baluton, Buco del Frate, Masso di
arenaria rossa del Permico, Sasso Cavallaccio, Sasso del Guidino, Sasso di Preguda,
Cascate dell’Acquafraggia, Pietra Lentina, Pietra Luna, Pietra Nairola, Pietra Pendula,
Preia Buia, and Sass Neher. The region has created 2 Natural Parks with significant
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interest (Monte Barro and Adda Sud) and 10 Natural Reserves: Altopiano di
Cariadeghe, Lago Piano, Marmitte dei Giganti, Naviglio di Melotta, Piramidi di
Postalesio, Piramidi di Zone, Sasso Malascarpa, Sorgente Fontanì, Valle del Freddo,
and Valle di Bondo.

TUSCANY REGION

The region has 2 Natural Parks, Alpi Apuane, and Maremma, and the National Park
of the Tuscan archipelago - created by Decree of the President of the Italian Republic
on July 22, 1996.

PIEDMONT REGION

The Piedmont Region has 9 Natural Parks: (Alta Val Sesia, Laghi di Avigliana, Monte
Fenera, Alpe Devero, Alpe Veglia, Argentera, Alta Valle Pesio and Tanaro, Val Troncea,
and Capanne di Marcarolo) and 6 Regional Natural Reserves (Stazione di Juniperus
phoenicea, Monti Pelati and Torre Cives, Ciciu de Villar, Rocca San Giovanni-Saben,
Leccio Chianocco, and Bessa)

VENETO REGION

The Veneto Region has 3 Regional Natural Parks (Lessinia, Dolomiti d’Ampezzo, and
Colli Euganei) along with 3 National Reserves (Bus della Genziana, Lastoni Selva Pezzi,
and Piaie Longhe - Millifret).

CONCLUSIONS

An in-depth analysis of the Italian scenario (Tab. 1) shows the lack of a structured plan
for geosite preservation and the current regulations (Law 394/1991) govern the
practical protection of sites in a disorganized way, taking no account of the landscape
and scientific value of the specific site. Although, apparently, the current regulation
seems to foster the preservation of some geological aspects, actually it will hinder the
creation of an ad hoc plan for geosite preservation. An inventory of the geosites
would be the correct approach; and some of these geosites could be listed in the
existing protection categories and others in the national reserves, such as the Natural
Monuments.

In the future, it will be necessary to create a new “Framework Law” on geosites,
enforced also by the Ministry of Environmental and Culture Heritage, envisaging:

– a national inventory of geosites based on their international, national, regional
and local value;

– the protection of those geosites at risk of destruction and the application of
controls on development, including new buildings, in particular;

ProGEO Italy will mainly address this issue in its future work.
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INTRODUCTION

The sites with dinosaur footprints found in La Rioja (Fig. 1) occupy a large number of
different locations of varying surface area (from two to some 2,000 m2) distributed
over a fairly wide area. The locations and areas in which the prints are found differ
as regards the composition, state and position of the rocks in which they are
recorded, the use of the land (agricultural, urban, etc.), the surroundings, altitude,
etc. The prints receive the attention of organisations with different objectives: the
Directorate General for the Environment, the Town Planning Commission, the
Directorate General for Tourism and the Directorate General for Culture.
Furthermore, the footprints and their geological context arouse scientific interest that
has led researchers from seventeen Spanish university departments to be working in
the same area.
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Like all outcrops of interest to tourists, the layers containing the fossil footprints are
subjected to the action of atmospheric agents and of human intervention, as a result
of which they become degraded.

The Regional Government of La Rioja and certain of the Institutions of the region
have shown interest in having the sites considered part of the regional heritage. For
this reason they have been applying protective measures for many years, although
the results achieved have not been optimum, because there is no action plan
accepted by all the institutions or by certain of their departments.

The main objective of the measures taken to date (standards regarding land use,
declaration of resources of cultural interest, isolation of certain outcrops, the application
of consolidating substances to rock surfaces, the placing of indicative signs, etc.), some of
which are currently being extended and improved, is conservation.

THE CONTENTS

The region of La Rioja contains the largest number of dinosaur footprints described
to date. Almost 8,000 ichnites have now been included in the inventories and
catalogues pertaining to the area (Caro et al., 1997). Most of the descriptive works
have been published in the journal Zubía and in the collection “Earth Sciences”
(“Ciencias de la Tierra”) of the La Rioja Studies Institute (Instituto de Estudios
Riojanos), where certain of the articles have included reproductions of the fossilised
prints at a scale of 1:12.5. Table 1, developed from data provided by Lockley et al.
(1989), also includes data relating to the La Rioja sites, with a view to putting what
has been said above into clear perspective.

The ichnites are distributed throughout 126 sites (Fig. 2), the number of which
increases every year, as indeed does the number of footprints found. The excavation
and descriptive work began in 1979, and the average number of new impressions
discovered amounts to some 400 a year.
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Age Deposit Footprints Tracks

Upper Cretaceous Toro-Toro, Bolivia 100
Upper Cretaceous Lark Quarry, Australia more than 4,000 more than 500
Lower Cretaceous Peace River Canadá some 1,200 some 100
Lower Cretaceous Jindong, South Korea some 250
Lower Cretaceous Piau, Brasil some 150
Lower Cretaceous La Rioja, Spain some 8,000 more than 900
Upper Jurassic Purgatorio, USA some 1,300 some 100
Upper Jurassic Kugitang Tau Hills, URSS some 2,700
Middle Jurassic Salt Valley, USA more than 1,000 more than 100
Middle Jurassic Chaoyang, China some 4,000
Lower Jurassic Rocky Mountains, USA some 1,000
Upper Triassic Peacock Canyon, USA some 100

Table 1. Sites worldwide with the largest number of prints
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Since 1994, no additional excavations have been scheduled to uncover new prints.
The work has centred on cleaning those areas or bed tops that are covered with a
discontinuous layer of alluvium, which normally serves as a base for the scrub
vegetation of the area. This means that the potential of the area is in fact much
greater. For example, last year (1998) a new bed was cleaned (Las Losas site),
revealing 371 prints. Anybody visiting the outcrops may observe how easy it is to
remove rubble and clean outwards in many of them, and appreciate the major
possibilities for more ichnites being discovered. We might refer, for example, to the
lateral areas of the Era del Peladillo, El Villar-Poyales and Virgen del Campo. The last
of these worked sites (Las Losas) has a discontinuous outcrop of rock to the sides in
which prints continue to appear at more than 100 metres from the point uncovered.
During this year (1999) two new sites at two locations (Hornillos and Torremuña) have
been studied, with some 100 ichnites having been discovered without the need to
excavate, along with an as yet undetermined number of footprints (apparently very
poorly conserved). This covers a surface area of more than two thousand square
metres, in which the prints would appear to be superimposed.

For the last five years the objective has been to work on protecting the outcrops in
order to prevent the disappearance of this significant amount of information.

THE ICHNITES

The term ichnite comes from the Greek “ichnos”, which means impression or mark
(a trace fossil as opposed to a fossil of an animals body or part of a body). From here
we get the term Ichnology, used to refer to the study of marks left by the activity of
animals, and consequently covering footprints, eggs, gastrolytes, etc. The first
person to use the term “Ichnology” was Buckland, around 1830 (cf. Casamiquela,
1964). In this paper the term is used exclusively to refer to the fossil footprints of
dinosaurs (Fig. 3).

It is practically impossible to correlate a footprint and the animal species that
produced it. The prints may be attributed to dinosaurs belonging to the taxonomic
rank of the super-family, or higher levels, and even here there are discussions
between the palaeoichnologists involved. The names applied to the ichnites are,
however, the same as those used for the dinosaurs themselves: Theropoda,
Carnosauria, Ornithopoda, ...and even Iguanodon, which serves to denote both a
dinosaur and a type of print. Unfortunately, these names have been applied for many
years and it is difficult to avoid them.

Dinosaur footprints are classified on the basis of three variables: shape, size and track.
As a result, it is possible to find prints of carnivorous biped dinosaurs (tridactyl or
tetradactyl), in this paper theropod ichnites, which are divided into carnosaurs and
coelurosaurs; herbivorous bipedal or quadrupedal dinosaurs (tridactyl or tetradactyl),
which are known by the name of ornithopod ichnites (this ichnogroup includes the
ichnogenus Iguanodon), and, finally, quadrupedal herbivorous dinosaurs (generally
with large, sub-rounded pes and much smaller front manus, often crescent-shaped),
or sauropod ichnites. All these different types of footprints are found in La Rioja
(Pérez-Lorente, 1999). 



There are footprints that have specific features making them different and
interesting because of the information they contain. In a region with so many prints,
examples of this type will obviously be found, and the most outstanding are
described below.

a) Prints with interdigital membranes or webbing. There are two, very different
cases, one of a herbivorous bipedal ornithopod dinosaur (Hadrosaurichnoides
igeensis, Casanovas et al., 1992) and another of a carnivorous bipedal theropod
dinosaur (Theroplantigrada encisensis, Casanovas et al., 1993). In this latter form
the interdigital membrane stretches between the four toes (I, II, III and IV)

b) Plantigrade marks (Kuban, 1989; Pérez-Lorente, 1993). Dinosaurs were
digitigrade in their movements, and even the sauropods, which leave a sub-
rounded footprint, were in fact digitigrade, since the bones of the metatarsal were
vertical, the print apparently having been left by a central pad. There are 36
trackways of plantigrade dinosaurs in the world and 16 are found in La Rioja. In
one of the outcrops it has even been possible to determine that the animal
adopted this posture when passing across areas in which the mud was softer
(Pérez-Lorente et al., 1999).

c) Claw marks. The traces left by the claws appear in three different forms. The first
as traces running along the axis of the toes, left because the animal dragged them
as it lifted its extremities. The second type consists of two ichnites that leave the
marks of the claws in the ground and a pile of mud behind, at the end of a track
of tridactyl footprints, left because the dinosaur floated and gradually lost contact
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Figure 3.- El Villar-Poyales site



with the substrate as it advanced (Casanovas et al., 1993). The third consists of
many claw marks appearing as two or three parallel stripes in the ground,
distributed over a wide area, and made by dinosaurs that did not tread, but swam.

The continuous sequence of footprints left by the same animal as it moved is known
as a track or a trackway. The track allows us to deduce anatomic characteristics
(relative to a complete extremity or a part thereof), as well as aspects relating to
movement (speed, type of movement, body movements, etc.).

Groups of footprints and tracks are also illustrative, with prints from both
ichnogroups or from just one being associated, for example the prints of
Hadrosaurichnoides (Casanovas et al., 1992). These associations are used to study
dinosaur behaviour patterns.

THE PALAEOENVIRONMENT

Most of the ichnites are found in a set of sediments known as the Enciso Group.
Tischer (1966) divided the Cretaceous continental rocks of the Lower La Rioja area
into five groups known by the following names, from oldest to most modern: Tera,
Oncala, Urbión, Enciso and Oliván. The age ranges from the Jurassic (Kimmeridgian-
Tithonian), in the case of the lower part of the Tera Group, to the Albian, in the case
of the Oliván. The Enciso Group, and consequently almost all the footprints in La
Rioja, belong to the Aptian (Alonso et al., 1993; Martín-Closas, 1998). The following
description refers, therefore, to the Enciso Group.

Although there are many footprints, bone remains are not found in the same
proportion. This particular circumstance, having an abundance of one fossil type or
another, is true also of other sites and may be explained in terms of the climatic,
chemical or sedimentary environment existing at the time. One of the explanations
given consists of involving the rate of sedimentation and the energy of the medium:

– In order for the prints to be conserved, the sedimentary medium could not have
been particularly energetic, since if this were the case they would have been
eroded before burial by sediment.

– In order for the bone remains, which obviously existed, not to become fossilised,
they would need to have been subjected for some time to the action of the
atmosphere or surface waters, as a result of which they would also be open to the
action of carrion eaters, this being in keeping with slow sedimentation in very
low-energy situations.

Sedimentary structures often include ripple marks, but when they are found they are
previous to the footprints, such that they are crossed by them. The ripples have low
crests and show a great deal of interference. Also found are ferruginous crusts typical
of stagnant environments and dessication cracks. Another of the very abundant
structures in the limestones are flat or curved algal laminae. As may be appreciated,
these are sedimentary rocks that would have been laid down in humid environments
but in areas of very shallow water, generally stagnant and which would have been
occasionally subject to drying out. The salinity of the water must have varied
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sufficiently for the algae to form laminae. There are no marine sediments, except two
intercalations (Alonso et al., 1993) in the north of the region.

No remains of higher plants are found, with the exception of concentrations of roots
in certain layers. The length of these roots varies considerably, but they usually cross
various strata that together give a thickness of approximately one metre. The width
is almost always less than four centimetres in diameter, and the largest do not exceed
six centimetres. No plants have been found in their living position, although the
trunks of conifers and cycads have been found toppled, in other words washed away
by water. In certain very scarce locations, carbonised trunks have been seen, but in
the Rioja region this is in the Oliván Group.

The sediments are dark in colour, many of them black, due to their high non-oxidised
organic material content; in other words, we are dealing with a reducing
environment.

All these descriptions are in keeping with extensive flat areas with shallow muddy-
bottomed ponds and lakes in which the water flow was gradual. The lack of higher
plants suggests that the land periodically emerged in the form of small islands, on
some of which relatively thick brush would flourish. In the ponds, or in parts of them,
gasteropods, bivalves and fresh-water fish lived (many scales and teeth of the latter
are found), along with algae, ostracods and microfauna, which would provide the
organic material enclosed in the sediments. Most of these ponds would quite possibly
dry up, and it has been determined that the depth of the water would have been very
variable.

PRESENT-DAY DESTRUCTION

If the causes of the destruction of dinosaur footprints and the strata containing them
are known, suitable methods of protection and conservation may be developed. The
destruction may be classified in various ways, with the basic distinction being
between natural and anthropic processes, as may be seen below.

There are 126 dinosaur footprint sites (Caro et al., 1997) uncovered in the La Rioja
region, in two lithological types (sandstone and limestone), which are being
destroyed for the same reason as any other stone monument. In this particular case,
this destruction is being accelerated by mankind.

It has already been stated that the natural agents that cause such destruction are the
sun, water, frost and plant life. All affect the rock-forming minerals and give rise to
fissures and cracks which are initially microscopic, and subsequently sufficiently large
to break the rock into fragments measuring up to several cubic metres. The
movement of people over the surfaces speeds up the wear, since it facilitates the
rupturing of the cracks, especially those running parallel to the surface.

There is another type of anthropic destruction, known as vandalism. This is the result
of a lack of respect, causing destruction for its own sake or for to the removal of
surface fragments containing prints.
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GEOCONSERVATION ACTIONS

INFORMATION

There can be no doubt that many items of the geological heritage are known more
for what is said about them than for what they actually are, in other words, because
of publicity. The influence of publicity on the measures taken with respect to dinosaur
prints and their surroundings will, as is so often the case, depend on what is known
as social pressure.

Consequently, information must be provided at all levels, and action has indeed been
initiated and taken forward as described below.

The Scientific publications produced by our team began in the 1970s with Casanovas
et al. (1971). Since then, in collaboration with these authors or separately, more than
40 articles have been published in scientific journals. A second type of publication is
for more general distribution, and began to appear in 1978. Four such works have
been published, and both the original and subsequent editions have sold out (Brancas
et al., 1978; Pérez-Lorente et al., 1986, 1990; Moratalla et al., 1988). A guide and an
informative brochure are now near completion.

Training courses of two types, one of a more general informative nature and the
other for the benefit of research and maintenance technical staff. The first type of
course is organised for specialist personnel in charge of visits (guides). There is a team
of guides in the villages of the Cidacos valley (located in the area in which the ichnites
are found) that has created the Rastros Association, the aim of which is to accompany
visitors to selected outcrops. The second type deals with management and
conservation. Teachers, and sometimes the students also, are members of the team
linked to the Foundation for the Palaeontological Heritage (Fundación para el
Patrimonio Paleontológico [FPP]), currently made up of four people, graduates and
doctors in geology, who undertake to care for the deposits as part of the national
heritage and as a subject for research.

The Palaeontological Centre at Enciso was created in 1997. The fundamental aim
underlying the creation of this centre was to provide information, and promote the
dinosaur footprint sites of La Rioja and to undertake research into these prints. A little
later, in September 1998, the Foundation for the Palaeontological Heritage of La Rioja
(FPP) was founded. This Foundation adopted the aforementioned centre as its
headquarters and undertakes both the functions of the centre and all the actions
emanating from the Directorate of Culture of the Regional Government of La Rioja,
that is to say, advising the Government on issues relating to palaeontology,
excavations and coordination. The FPP is responsible for issuing reports prior to the
awarding of licences for works or other activities in the environment mapped out in
the two legal areas, with respect to the sites protected by PEPIR and the BIC’s.

Since 1991 a series of conferences has been held, attended by specialists in: ichnites,
dinosaurs or the protection and restoration of deposits, with regard both to their
environmental aspects and as part of the common heritage. These series of
conferences, financed by the La Rioja Studies Institute, have brought some 32
national and overseas experts to the area, each of whom is capable of judging the
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importance of the deposits and the success or otherwise of the actions taken, from
his/her particular field of expertise.

Work parties are organised in the field. The campaign organised by our team during the
month of July included not only the restoration of sites but also a course on
Palaeoichnologysponsored by the University of La Rioja. This course is aimed at university
students and includes the awarding of diplomas accrediting attendance or participation,
depending on the academic qualification of the student and his/her degree of
involvement. In order to provide those attending with the necessary information, a
notebook has been published, including an introduction to the vertebrates and their
evolution and information on the prints found in La Rioja and their importance.

Fortunately, dinosaurs are attractive to many people.This facilitates our informative
task, inasmuch as we are requested to give conferences and issue articles and news
items for the agencies or the media (newspapers, radio and television). We attempt
to respond to such requests with our very best efforts. We believe that our words may
make a significant contribution to the protection of footprint outcrops, because we
help by broadcasting their scientific value and also by transmitting the message that
they are a perishable and irreplacable part of our heritage.

At all the sites discovered prior to 1994, signboards have been put in place explaining
both what may be observed in general and certain specific points or features. In each
case there is information on the type of animal to which the prints belong, any
particularly outstanding feature, whether or not gregarious behaviour may be
observed, etc. At certain outcrops there is also information on the palaenvironment
or on the sedimentary or tectonic phenomena that may be deduced from the visible
structures.

CLASSIFICATION

The work performed in this area in the Autonomous Community of La Rioja is
channelled along two routes: on the one hand that relating to each of the sites on
the basis of its contents (evaluation), and on the other that relating to the area in
which the sites are to be found (zoning). The former carried out for the Directorate
General of Culture of the Regional Government of La Rioja, and the latter for its Town
Planning Commission.

It would be difficult to classify the sites on the basis of their value or interest without
first defining usable patterns. The claims that the dinosaur footprint sites of La Rioja
are a part of our heritage of scientific interest because of the type, number and
quality of prints cannot be accepted if they are not quantified or compared (Caro et
al., 1997a). 

A) CLASSIFICATION FOR DECLARATION AS BEING HERITAGE OF CULTURAL INTEREST

The first step in this direction consisted of compiling an inventory of all the sites
containing dinosaur prints. A series of dockets prepared by the Directorate General
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for Culture included the headings shown in Table 2, along with written and graphical
material. These served to draw up an inventory of 126 sites, which varied in content,
extent, state of conservation, etc.

The next step consisted of drawing up a catalogue, for which classification
categories were established based on a proposal made by Caro et al., (1997b) during
the 2nd Meeting of the Commission for Geological Heritage. The scale is based on
four proposed absolute main parameters. The parameters determining the categories
are as follows:

– The nature or importance of the footprints
– The nature or number of prints in the tracks
– The behaviour of the individual as deduced from a track
– The behaviour of the dinosaurs overall

Category 4 is the main one, and for a site to be included under this heading it is not
necessary for all four parameters to be met, a single parameter being sufficient. For
example, to belong to Category 4, the outcrop must meet the following
requirements:

a) A new dinosaur footprint has been defined in it.
b) There is at least one sequence of prints from which a new conclusion has been

drawn regarding the movement of the animal.

174

INVENTORY

WRITTEN INFORMATION

– LOCATION (geographic)

– TYPOLOGY (ichnites, age, ..)

– DESCRIPTION (stratigraphic)

– MATERIAL (Num. of ichnological items)

– CONSERVATION (alteration, protection ...)

– ACTION (prospecting and excavation)

– LEGAL SITUATION (owner of land)

– BIBLIOGRAPHY (regarding the deposit)

– OBSERVATIONS

– SYNTHESIS (entire previous section)

– EVALUATION (scientific)

– INSTITUTIONS (sponsoring study)

– JUSTIFICATION (articles, uniqueness,

comparative, risks, general)

– EXACT LOCATION

– LEGAL DATA ON THE SITE

– LEGAL PROTECTION AT AUTONOMOUS

COMMUNITY LEVEL

– INITIATION OF FILE

– INSTRUCTION

– LOCATION ON TOPOGRAPHIC 

MAP 1:25,000

– LOCATION ON MAP OF LA RIOJA

– LOCATION ON AREA ROAD MAP

– LOCATION ON NATIONAL GEOLOGICAL 

MAP 1:50,000

– 1:12.5 DRAWING OF DEPOSIT

– LOCATION ON PLOT MAP 1:2,000

– COLOUR PHOTOGRAPHY OF DEPOSIT

GRAPHIC INFORMATION 

– LOCATION ON NATIONAL TOPOGRAPHIC

MAP (1:50,000)

– LOCATION ON 1:10,000 MAP

– LOCATION ON PLOT MAP

– DRAWING OF PRINTS

– PHOTOGRAPHS

CATALOGUE

Table 2.- Data included in the Inventory and Catalogue of dinosaur ichnites in the
Autonomous Community of La Rioja



c) It contains a sequence from which uncommon patterns of individual behaviour
may be deduced (e.g., plantigrade locomotion).

d) It contains an association of footprints, tracks or both from which group
behaviour may be deduced (e.g., migration).

In drawing up the catalogue, the sites of no qualifying interest included on the
inventory were discarded, and part of the remainder was grouped on the basis of
geographic proximity. New sites were added, along with certain others containing
other items of palaeontological interest, such as an outcrop containing a fossilised
plant trunk at Igea and the site at which pterosaurian bones had been found in
Préjano. Finally, 40 sites were catalogued – their value being calculated using the
aforementioned method – and were proposed for declaration as being Heritage of
Cultural Interest.

Since the initiation of the application for the deposits to be declared as a Heritage
Site of Cultural Interest (under the heading of Historical Site) was announced in the
Official Regional Gazette of La Rioja (BOR, 1999), two new deposits containing prints,
and another with bones and teeth, have been found.

B) CLASSIFICATION AS ITEMS OF NATURAL INTEREST HERITAGE

In 1988 (BOR, 78 of 30th June), the Special Plan for the Protection of the Natural
Environment of La Rioja and the Regional Planning Standards (PEPMAN) were
approved. The objective of the PEPMAN is “to establish the planning measures
required to ensure the protection, conservation, cataloguing and improvement ...”.
One of the “catalogue areas” for which the development of specific standards is
foreseen is that of “sites of palaeontological interest”.

In 1994 (BOR, 153 of 15th December) the Special Plan for the Protection of Ichnites
in La Rioja (PEPIR) was approved, as a result of the development of the Special Plans
included in the PEPMAN. The PEPIR takes into account not so much the protection of
the outcrops, but more that of the location in which they are found. While the
previous classification was based on categories, this one includes the establishment
of zones and areas:

– Zone of Special Interest 
– Itineraries of Interest
– Expansion Zone
– Area of Influence

The Zones of Special Interest are those locations which contain outcrops with
ichnites. They are divided into two categories depending on whether their size
exceeds 10 square metres (moderate-size zones of special interest) or does not reach
this measure (point-size zones of special interest).

The Itineraries of Interest are the paths, tracks or routes included in the PEPIR
drawings, including strips of land measuring 50 metres in width (25 m on either side).
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The Expansion Zone, shown on the PEPIR drawings, is an area prepared to receive the
largest number of visitors.

The Area of Influence is that in which ichnites have not yet been found, but which
potentially may contain them.

The activities which may be carried out in each of these zones are regulated, on the
basis of evaluation criteria (the amplitude of the outcrop, the known existence in the
area of outcrops of interest, sites at which there is a high probability of new
outcrops). The size of each deposit conditions the type of activities which may be
carried out, and the permited usage.

Table 3 indicates the activities that are regulated by this plan, based on the Town
Planning and Land Act. The activities and items of the heritage shown in italics in this
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– INSTALLATION OF PLAQUES, SIGNPOSTS, IMAGES OR SYMBOLS.
– EARTH MOVEMENTS, SCIENTIFIC RESEARCH, PROTECTION OR CONDITIONING.
– ENCLOSURES, FENCES.
– TELECOMMUNICATIONS INSTALLATIONS.
– PLANTING AND FELLING OF TREES.
– ROAD SYSTEM AND IMPROVEMENTS.
– RESTORATION AND MODIFICATION OF BUILDINGS.
– INSTALLATIONS AND CONSTRUCTIONS FOR SUPPLY, SEWAGE, ENERGY

INFRASTRUCTURES, RESERVOIRS, RUBBISH TIPS.
– MINING AND QUARRIES, SERVICES, RELEASES AND ASSOCIATED INSTALLATIONS.
– INDUSTRIES, SERVICES AND RELEASES.
– WATER SUPPLY, CEMETERIES, GROUND CLEARANCE, BACKFILLS. 
– GREENHOUSES.
– SPORTS INSTALLATIONS, PARKS, HOSTALS, CAMPS.

SPECIFIC
STANDARDS

FOR
PROTECTION

GENERAL
STANDARDS

FOR USE AND
ACTIVITY 

Protection of the
heritage

Regulation of
activities

– INFRASTRUCTURES.
– AGRICULTURAL USE.
– OUTSTANDING PUBLIC BUILDINGS AND EDIFICES.

– MINING ACTIVITIES.
– INDUSTRIAL ACTIVITIES.
– TOURISM AND RECREATIONAL ACTIVITIES.
– TOWN PLANNING AND BUILDING ACTIVITIES.
– RUBBISH TIPS.

– HYDROLOGICAL.
– VEGETATION.
– FAUNA.
– ATMOSPHERIC.
– SOILS.
– LANDSCAPE.
– CATTLE TRAILS.

– SITES.

Table 3.- General and specific standards for protection of resources and the
regulation of activities in La Rioja



table are included under the general standards of the PEPMAN, whereas those in
normal type are PEPIR standards.

TREATMENT OF THE OUTCROPS

The outdoor environment destroys the deposits in much the same way as it destroys
stone monuments. The “stone decay syndrome” is by no means exclusive to
cathedrals.

Atmospheric (sun and water) and biological (plant) agents are the most aggressive in
this region. Temperature and humidity variations and plant roots act on the rocks,
destroying them. There are also geological effects, especially rupturing of the strata
as a result of landslides.

Conservation studies must begin with an analysis of the effects of alteration. With a
view to performing such an analysis, research work financed by the La Rioja Studies
Institute has included the selection of two outcrops of widely differing lithological
composition. One of these was in limestones (the Era del Peladillo) and the other in
siliceous sandstones (Virgen del Campo). An examination was made of the effects of
alteration on the minerals and the texture and structure of the rocks. Fresh and
altered samples were studied from each of the deposits using petrological techniques
(polarising microscopy, X-ray diagrams) and mercury porosimetry. The effects of
alteration having been determined, complementation, binding and sealing,
consolidation and water repellent substances were tested, this consisting of applying
these substances to specimens which were subsequently subjected to accelerated
ageing. This served for the selection of the most adequate products (Caro et al.,
1998). These preliminary studies led to the application of cement, silicone and epoxy
resin to the two aforementioned sites.

This system will be used in later stages at all the palaeoichnological sites in La Rioja.
In addition to chemical treatment, and in view of the fact that the most important
atmospheric agents are the sun and humidity, a way of isolating the outcrops directly
from these agents was devised. The climate is relatively arid, with strong sunlight, but
also seasonal rains and snow. The simplest way to avoid the direct action of the
elements is to install shades or covers. The Town Council of Cornago and the
Iberdrola company were the first to initiate this type of action some ten years ago,
with highly beneficial results. Subsequently, the Town Council of Enciso, with the help
of the European Community, covered ichnite site number 3 and a part of the
Valdecevillo gorge using an even simpler system. The Directorate for Culture of the
Regional Government of La Rioja has now covered the tree at Igea and Peñaportillo
(Fig. 4), and the project to place a cover over the Las Navillas deposit is well under
way.

The covers allow fences to be erected, which serve both to let people observe the
contents of the deposits and to prevent tourists walking over the prints. At certain
extensive deposits, where the price of such covers would be excessive, the option
selected has consisted of erecting fences (Fig. 5) to prevent trampling.
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Figure 5.- Shelter and fence at the Valdecevillo Gorge

Figure 4.- Shelter at Peñaportillo



PROTECTION

A distinction should be made here between two different approaches to protection:
on the one hand legal protection, and on the other that involved in use and
maintenance.

In 1988 the Special Plan for Protection of the Environment of La Rioja was drawn up,
contemplating three municipal areas characterised by their important deposits:
Cornago, Enciso and Igea. The standard for regulation that ensures compliance with
this plan is to be found in the Modified Text of the Law governing the Land Use and
Town Planning System. The section of the special plan that deals with the Catalogue
of Protected Natural Areas identifies the “Enciso-Poyales Ichnites” and the “Cornago-
Igea Ichnites” as Sites of Palaeontological Interest.

The Special Plan for the Protection of the Ichnites of La Rioja (B.O.R. No 153, dated
15/12/94) arose from the aforementioned special plan in 1994. This plan did not
cover all the deposits of the region, but served to establish the initial basis and, for
its development in the municipal areas, involved the underlining of difficulties which
were implied by its application. The plan indicates which sites are protected, their
category and the level of protection to be afforded to each, the limitations involved
and the measures to be taken regarding land use for each of the categories
established. It is determined that the protected deposits are those included in the
plan (part of the three aforementioned municipal areas) and those catalogued by the
Council for Education, Culture, Youth and Sport.

Decree 91/1995 (B.O.R.No129) was published in 1995. This decree determined that
the La Rioja Council for Education, Culture, Youth and Sport was the competent
authority in matters relating to the palaeontological heritage of the region. This
allowed responsibility for the ichnite sites to be assigned to a Government
department.

In 1997, work began on having the dinosaur ichnites of La Rioja declared part of the
World Heritage. In 1998, the proposal made by the Regional Government of La Rioja
for the ichnites to be included on the list of items to be considered was accepted.
During that year a group comprising various autonomous communities backing the
proposal was set up. The communities currently forming this group are Asturias,
Castilla y León, La Rioja, Aragón, Catalonia and Valencia. It was decided that the
name of the group should cover the entire Iberian Peninsula, as a result of which the
project was given the name of “Dinosaur ichnites of the Iberian Peninsula”.

In 1998 the Palaeontological Heritage Foundation (FPP) of La Rioja was created, to
deal with problems relating to the sites with dinosaur prints. The foundation is the
advisory body to the Regional Government of La Rioja for palaeontology issues, and
its objectives include the conservation and protection of palaeoichnological deposits.

Also in 1998 the Official Gazette of La Rioja (BOR No 28 of 6th March) published news
of initiation of the process of having the sites declared a part of the Heritage of
Cultural Interest, under the heading of Historic Site. This declaration was based on
article 9.2 of the Spanish Historic Heritage Act (16/85 of 25th June). This initiative

179



presented 40 points, encompassing 122 of the 126 sites included on the inventory of
the Directorate of Culture.

Another form of protection consists of preventing the deposits from deterioration. It
has already been pointed out that the sites are spoiled by the passage of people and
by the action of atmospheric agents. The fences installed and the construction of
appropriate shelters would appear to be a particularly suitable method, since in
addition to isolating the surface of the rock from direct sunlight and water, they act
as real or symbolic barriers, preventing people coming into direct human contact with
them and foot erosion.

The town councils have played an important role in the construction of covers, since
they provided support for the private initiative when the first of these structures was
erected. Furthermore, the councils continued to bring pressure to bear in this respect,
and European funds were used to carry on this work. The number of constructions
erected to date for this purpose amounts to six, as mentioned above: Los Cayos de
Cornago, the tree at Igea, Ichnites 3 and the lower part of the Valdecevillo Gorge at
Enciso, Peñaportillo in Munilla and Las Navillas (currently being prepared) in Cervera
del Río Alhama. Also, a fence has been installed at the Valdecevillo site in Enciso,
which isolates the site, but allows visits to be made to it.

SURVEILLANCE

In view of the double (triple) system of protection applied to the ichnite deposits,
surveillance of compliance with the standards in force is accomplished by three
different organisations reporting to the Regional Government of La Rioja. The
organisations in question, responsible for this issue, are the councils of Public Works
(including Town Planning), Education, Culture, Youth and Sport (including the
regional heritage), and Tourism and the Environment.

EXPLOITATION

Certain sites are being exploited by the local population. Courses have been set up
to train guides to take tourists to the sites containing prints, and this is producing
sufficient profit for economic progress to be felt in those areas where such visits are
organised. The possibility of participating in the economic boom brought about by
the continuous visits is an incentive for the local inhabitants to consider the sites as
being a potential source of wealth, providing their villages with the capacity to
develop. Competition between municipalities has led to a situation in which those as
yet not favoured by the avalanche of visitors consider the outcrops containing
dinosaur ichnites to be a resource to be exploited, and consequently conserved.

The position adopted to date by the administration and the FPP consists of providing
backing for initiatives emanating from the local villages. Interest should come from
the communities themselves, in order for the actions taken not to be seen as an
imposition or as being of benefit and interest exclusively to the aforementioned
bodies. While some of the villages of La Rioja and their inhabitants request assistance
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for the promotion and protection of the deposits, there are others that feel that the
help requested does not necessarily have to be channelled towards this objective. The
function of the FPP is to advise and execute, and it cannot be part of such discussions;
consequently, and as has been pointed out above, it acts in response to requests from
the government or from the town councils involved, or to decisions taken by its
governing board.

CONCLUSIONS

The dinosaur print deposits of La Rioja are geological resources of exceptional
interest.

In view of their scientific, educational, cultural, social and economic interest, these
prints have been declared part of the national heritage.

Actions have been taken to conserve both the prints and their surroundings, these
including the following:

– information at all levels, including general information, scientific and training
efforts, conferences, fieldwork campaigns, exhibitions, etc.;

– inventory and catalogue development, with evaluation of sites of interest and the
division of the area into zones;

– treatment of the rock and protection against the direct action of atmospheric and
anthropic agents, through the construction of barriers;

– development of a legal framework for protection, including approval of the
following:

a) PEPIR (Special Plan for Protection of the Ichnites of La Rioja, in enactment of the
Special Plan for Protection of the Natural Environment);

b) process leading to declaration of the deposits as part of the Heritage of Cultural
Interest, under the heading of Historic Sites;

c) inclusion on the list of resources to be examined nationally for consideration as
part of the World Heritage List;

– creation of the Palaeontological Heritage Foundation (FPP of La Rioja), the
coordinating and advisory body with special responsibility for the dinosaur print
deposits;

– favouring tourism-related use.

These initiatives are providing the results pursued, summarised in the conservation of
the deposits by means of their protection.

The deposits come under the responsibility of various of the councils of the Regional
Government of La Rioja, as a result of which a wide range of very different initiatives
is applied to them. The councils responsible for Culture, the Natural Environment,
Town Planning (land) and Tourism, at least, must necessarily be coordinated with a
view to ensuring the progress of the conservation project, and with this aim in mind
they are represented within the framework of the governing body, the FPP.
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INTRODUCTION

In Spain, cultural heritage, within which the palaeontological heritage is included, is
briefly mentioned in the most fundamental law of the nation, the Spanish
Constitution (1978; see Andrés-Moreno and Royo-Guillén, 1998). Palaeontological
heritage in turn is explicitely mentioned in the more recent national Law of Historical
Heritage (1985) and the national Law on Protection of Natural Areas (1989) (see Page
et al., 1999). In recent years, regional development of heritage laws has led to the
slow appearance of more specific palaeontological legal features (Meléndez & Soria,
1999). Decision on the particular sites likely to be protected corresponds ultimately
by the regional political authorities. Palaeontologists, by means of the Heritage
Commision of the Spanish Palaeontological Society, may play an important advisory
role before the political authorities, in selecting the relevant sites and providing the
most adequate measures to protect them. In this process, the collaboration of local
populations and cultural associations must be taken into account in an essential social
partnership. 

The purpose of this paper is to show the relevance of the main aspects, scientific,
political and social/cultural, of the palaeontological heritage in the process of
recognition and designation of selected sites as protected areas. 

GENERAL FEATURES OF PALAEONTOLOGICAL HERITAGE IN SPAIN

SINGULAR CHARACTER OF THE PALAEONTOLOGICAL HERITAGE

Paleontological heritage displays some singular features making it a separate matter
from geological heritage besides being, to some extent, a part of it (Fig. 1). Both by
the items being subject of protection (palaeontological sites and specimens) and by
legal definition, many aspects of palaeontological heritage fall beyond the rules of
geoconservation: a palaeontological site, such as Callovian and Oxfordian
(Middle/Upper Jurassic) outcrops at Ricla, may hold a special value and interest for
being the type-locality of new taxa, a biostratigraphic unit (Meléndez, 1989), or
having been proposed as reference section for a certain stratigraphic interval (Cariou,
et al., 1988). Yet, the point itself may present little geological value or spectacularity,
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to be nominated a special geological site (Fig. 2). On the other hand, a large part of
the palaeontological heritage, i.e. the mobile heritage, including exhibitions, museum
and research fossil collections, type specimens and so on, are permanent candidates
for being awarded special protection and preservation measures, despite their little
“geological” value. Finally, the Spanish heritage laws clearly regard separately the
geological and palaeontological heritage, being mentioned in different statutes and
being protected by different heritage protective instruments. All these reasons
support the singularity of the palaeontological heritage. This is not, however,
contradictory with the fact that a geological site may be mentioned and declared a
protected point on the basis of its palaeontological interest. 

THE LEGAL FRAMEWORK AND THE CURRENT PROTECTIVE LEGAL FEATURES 

Palaeontological heritage in Spain is specifically mentioned in two main national laws:
The Law of Historical Heritage, 1985, and the Law of Protected Natural Areas, 1989
(Fig. 3). In both laws, the palaeontological heritage is recognized as a part of (a) the
historical heritage and (b) the natural heritage. This particular, dual legal
consideration also makes it possible to take a dual approach in the intention to
declare a palaeontological site as a protected area. 

Under the Law of Historical Heritage (1985), a palaentological site can be declared a
protected point by the legal feature known as “Goods of Cultural Interest” (Bien de
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Fig. 1: The different elements integrating the palaeontological heritage. 



interés Cultural; B.I.C.). Yet, for the time being since the appearance of the law little
progress has been achieved in this sense: the number of palaeontological sites so far
declared as BICs being negligible (less than five) in the whole of Spain. This is mostly
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Fig. 2: Upper Jurassic (Oxfordian) at Ricla (south from Zaragoza). This outcrop holds
a special palaeontological interest by being the type-locality of two new ammonite
taxa and a biostratigraphic unit: the Duongi Biohorizon (index-species: Perisphinctes
(Dichotomoceras) duongi MELÉNDEZ; Bifurcatus Zone, late middle Oxfordian).
However, it is unlikely to be declared a geological site of interest or any specifically
geological feature.

Fig. 3: National legal framework for the palaeontological heritage in Spain.  



dues to the inadequacy of the legal features: the declaration of a palaeontological
site as B.I.C. can only be done by defining the site under one of the existing names
(Historical Site or else Archaeological Zone ) , this meaning a de facto subordination
of paleontology to historical and/or archaeological remains (Alcalá, 1992; Alcalá &
Paricio, 1984; 1988). In the region of Aragón, one single palaeontological site has so
far been declared B.I.C. under the denomination of Historical Site: it is the classical
Middle Cambrian outcrop of Murero, in the province of Zaragoza, known as Rambla
de Valdemiedes, or Valdemiedes Creek (Fig. 4). 

Recent development of the Heritage Law in the different Spanish autonomous
communities by means of local, regional laws, has led to the creation of specifically
palaeontological features, such as Palaeontological Zone, thus allowing better
definition and protection (Meléndez & Soria, 1997; 1999). Yet the very different
development of heritage laws in the regions (autonomous communities) of the
country has led to a non-uniform, uneven situation where palaeontological heritage
protection is concerned. The diagram (shown in Fig. 5) summarizes the regional
development of both national and regional laws, and the local, palaeontological legal
elements erected in the different Spanish communities. This process, still in an initial
phase, will undoubtedly need the advice and coordination of palaeontologists. The
Heritage Commission of the Spanish Palaeontological Society must play a relevant
role in this process (Meléndez et al., 1999). 
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Fig. 4: The Rambla de Valdemiedes  (Valdemiedes Creek), near the village of Murero,
in the Province of Zaragoza, Aragón, NE Spain, a classical Middle Cambrian fossil site,
declared protected point, as Goods of Cultural Interest (Bien de Interés Cultural;
B.I.C.) with the denomination of Historical Site. 



PALAEONTOLOGICAL SITES DESIGNATED AS PROTECTED AREAS

Similarly, the still incipient development of regional laws results in there being very
few palaeontological sites defined as protected points. A long road is still ahead until
fossil sites are recognized by law as important landmarks of the cultural heritage, in
the same way as are historical or archaeological sites. Two aspects appear as basic in
this point: 

(1) Establishing the main, palaeontological, criteria to propose a site as suitable for
protection and/or designation as a protected legal feature (Alcalá & Morales, 1994;
Morales, 1996). It appears obvious that a wide range of categories can be established
concerning the interest and importance of a palaeontological site. However, it is also
clear that all these categories must involve palaeontological criteria, and that
palaeontologists must play an essential role in this process. At this point the Spanish
Palaeontological Society, by means of the palaeontological heritage commission, may
develop important work, in unifying opinions and criteria to establishing categories,
and also serving as a valid counterpart for the Administration (Soria & Meléndez,
1998). 

(2) Elaborating the list of most important and threatened palaeontological sites. This
is to say, a list of the main candidates to be proposed as protected sites. This “site
database” appears as a long and difficult task and it is also clear that it should be also
taken, at least partially, by palaeontologists. Some local governments and
administrations have already begun the elaboration of a regional Palaeontological
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Fig. 5: Diagram showing the recent regional development of both national and
regional laws; and palaeontological legal features erected in the different spanish
communnities.



Chart, listing all known palaeontological sites, studied or reported by researchers.
However, there is a long distance between a complete database of known and
published sites and a list of selected points to be nominated as protected sites. 

In establishing a list of selected, important palaeontological sites, an proposal has
arisen within the Spanish Palaeontological Society to create an informal, internal
feature; the so-called: Point of Special Palaeontological Interest, i.e. Punto de Especial
Interés Paleontológico (PEIP: Meléndez & Soria, 1994; Soria & Meléndez, 1993;
1998). This suggestion was meant to form a basic list of most relevant
palaeontological sites in order to serve as a reference for local Administrations to their
proposal and eventual nomination of protected sites. The task of elaboration of a PEIP
list in Spain, taken by the Heritage Commission of the Spanish Palaeontological
Society, is still in a slow process of discussion and progress. Yet, palaeontological
meetings in recent years, including intense sessions on palaeontological heritage,
have provided a great deal of information and the basis for the elaboration of a list
of most important palaeontological sites, as well as an evaluation of the risks, greater
threats, and measures of protection. 

THREATS AND PROTECTION ON PALAEONTOLOGICAL SITES

Palaeontological sites are quite often subject to aggression of many different kinds
(Crowthen & Wimbledon, 1988). Besides natural erosion, which can affect sites in
different, human action is normally the main agent responsible for site destruction
(Page et al., 1999). This can take the shape of illegal, or unauthorised fossil collecting;
dumping or covering with rubble; quarrying or any other public works, such as road
or railroad construction, most particularly in Spain in recent times of the high-speed
train line (Aurell et al., 1999). Also building construction constitutes a normal threat
for palaeontological sites in both urban and tourist areas. Farming and agricultural
works can also affect or harm fossil sites in some way. 

In facing the need for historical heritage protection, once these responsibilities have
been transferred from the national, central Government to the autonomous
communities, regional governments have established a set of regulations on cultural
and historical, including palaeontological, heritage. In some cases, this has led to the
development of a true, regional historical heritage law, supplementary to the national
law (1985). However, more often, these are small decrees and regulations on
palaeontological excavations, fossil collecting, impact reports including the
authorisation of a “rescue dig” in case of imminent threat; active watch on especially
protected sites, and funding palaeontological research projects and heritage reports
(Fig. 6). In the case of the Autonomous Community of Aragón, a whole legal
framework has been developed since as early as 1983. The current situation has been
recently summarized by Andrés-Moreno and Royo-Guillén (1998). 

Permission for prospecting and digging

The region of Aragón (eastern - NE Spain) extends through wide areas in the
Pyrennees, the Ebro Valley and the Iberian Chain. It embraces a large portion of the
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Iberian Peninsula holding witness of the geological record from late Precambrian or
early Cambrian until recent Quaternary deposits. The stratigraphical and
palaeontological record allow reconstruction of the history of Iberia for the last 700
million years at least. Palaeontological sites in this region are of utmost importance
by their fosil richness and, quite frequently, by being the type-locality of a new taxon
or the type-section of a new stratigraphic unit. Following a regulatory decree on
archaeological and palaeontological excavations, wich appeared in 1990 in Aragón
(as well as some other communnities in Spain), special permission is required for
researchers or anyone wanting to perform palaeontological prospecting or
excavation. Permission can be obtained from the regional government. Applications
should be addressed yearly to the Department of Culture; General Direction of
Heritage. 

This protective measure affects the whole of the Aragón territory and fossil sites.
Although in some way effective preventing illegal, unauthorised amateur collecting,
it has raised some angry reactions and resentment among researchers, due to the net
increase in bureaucracy and problems generated in programming field work. It has
also created in some way the feeling that uncontrolled, illegal collectors are freely
digging and destroying the outcrops, whilst a detail control is taken on researchers
(López-Martínez, 1995). The conclusion would be that this measure might be
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Fig. 6: Active initiatives on protection of palaeontological sites taken by regional
governments in Spain. Besides elaborating the list (inventory) of palaeontological
points of interest, regional governments may define them as a protected legal
feature, take an active watch on sites, require impact assessments on programmed
public works, and take active measures of excavation and research, including rescue
digs on seriously threatened sites, by means of funding research projects.



ineffective unless supplemented by keeping an active watch on the most important
outcrops and fossil sites. On the other hand, an effort to simplifying the process of
application and receipt of permits appears necessary. Once again, the Spanish
Palaeontological Society, by means of the Heritage Commission, may play an
important role as a bridge between palaeontologists and the local administration.

Active watching of sites 

Following the 1990 regulatory decree, all palaeontological sites in the region of
Aragón would be protected in theory against unauthorised collecting, sampling
and/or the affects of public works. This means that collectors found guilty of digging
and sampling without permission could be prosecuted and fossil material confiscated
by the authorities. Similarly, any public works project in Aragón must include an
impact assessment on palaeontological and archaeological heritage. In this sense,
active surveillance is currently being taken by a special Nature Protection Force, the
so-called Servicio de Protección de la Naturaleza (SEPRONA). This service has proved
to be efficient in some cases, either by arresting unauthorised collectors or else by
deterring irresponsible actions. 

Yet reactions to these kind of preventative measures have been generally cautious
among the palaeontological community, since, for the moment, no categorisation of
sites having yet been established, any fossil collecting by any person lacking a permit
might theoretically constitute a criminal action. This situation has often led to
undesirable (and ineffective) results, and debates have arisen which show the need
to define the most important palaeontological sites and outcrops where legal
protection and active surveillance should be concentrated. 

Impact reports of public works 

According to the 1990 decree on protection of heritage, public works taken by public
bodies or private companies in Aragón must present a previous environmental impact
report, including landscape, wildlife, archaeology and palaeontology. Public works
generally include road and road construction, and other minor actions, such as
quarrying and reservoir construction. Impact reports must be performed by
professional geologists or palaeontologists. They should include a short survey of the
affected area including lithological and palaeontological sampling of fossiliferous or
promising intervals; a palaeontological analysis of samples, and a brief report
including description of affected sites and fossil content, evaluation of risks, and a
proposal on protective measures. In the case of an affected site of proven
importance, a quick, ‘rescue dig ‘ might be proposed by the specialists, and ordered
by the Department of Heritage to the company in charge of the works. Such a rescue
dig must be organised under the direction of a professional, specialist
palaeontologist. 

Palaeontological prospecting have often led to interesting, even brilliant, results, such
as the finding of large plates showing abundant ichnofossils: Cruziana and other
related taxa in the Palaeozoic near Calatayud. Also, the finding of superb vertebrate
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(Archosauria) marine remains in the Jurassic (middle Callovian) near Ricla (Fig. 7). On
the other hand, a ‘rescue dig’ recently ordered on the Middle-Upper Jurassic beds of
Ricla (SW from Zaragoza) led to the record of a rich invertebrate collection (Aurell et
al., 1999; See Fig. 8). 
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Fig. 7: Skull of a marine crocodile ( Metriorhynchus superciliosus DE BLAINVILLE, 1853)
from the Middle Jurassic (Callovian) of Ricla (Zaragoza), found during prospecting as
part of a previous report of public works (high-speed train line) in the region.

Fig. 8: Rescue dig taken on the Middle-Upper Jurassic units of Ricla, SW from
Zaragoza. This excavation was ordered by the regional government of Aragón
(between 1996-1997), as the projected line of the high-speed train (Madrid-
Zaragoza) crossed through the Jurassic outcrops at this point. The action was funded
by the company in charge of the works. 



Ordering heritage reports and funding research projects 

In an effort to systemize and develop a complete list of the most important
palaeontological sites, the General Direction of Heritage (Department of Culture of
the Government of Aragón) has taken on the long-term task of filing, description and
definition of palaeontological sites and points of interest in the region of Aragón. This
multiple objective includes several different lines of work: 

(1) Completion of the regional palaeontological Chart: this monumental, long-term
aim of elaborating a complete list of all (published or reported in the literature)
palaeontological sites in Aragón, including all available information on fossil content,
age, stratigraphy, etc. This project, started some 10 years ago within the
Palaeontology laboratory of University of Zaragoza, is still far from completion, but is
maintaining slow and constant progress. 

(2) Ordering local heritage reports: reports on palaeontological heritage in some
particular areas may be needed and ordered by the General Direction of Heritage, in
order to prepare a more detailed inventory of selected sites which would, in the
future, be proposed as protected points (B.I.C, Goods of Cultural Interest). Such
heritage reports are generally ordered from the research teams working on these
particular sites or regions, and which have significantly contributed to enhance
knowledge of the regional fossil record. They have also contributed to implement the
palaeontological site database of Aragón, preparing the way for future legal
definitions. Reports of this kind have already been ordered in some selected or
‘classical’ areas in Aragón, such as the Cambrian sites of Murero, recently defined
B.I.C. as a Historical Site; the Miocene vertebrate sites of Daroca and Concud, clear
candidates for future B.I.C. nomination (Fig. 9), the Jurassic outcrops of Ricla, Sierra
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Fig. 9: Explanatory panel at the classical vertebrate site of Concud, near Teruel. The
panel supplies information on the importance of the site and warns against illegal
collecting or excavation. 



de Albarracín, and Sierra Palomera (Bueña), where active protection and touristic
management measures are being started and programmed. In Bueña, N from Teruel,
a large-size ichnofossil was discovered and described with the new ichnotaxon:
Megaplanolites ibericus (Calvo et al., 1987). The spectacular dimensions of the trace
fossil and of the outcrop itself has led the village townhall, in collaboration with the
General Direction of Heritage (Government of Aragón) to set some protective and
didactical structures around the outcrop, supplemented by explanatory leaflets (Fig.
10). 

(3) Funding of research projects: in some particular cases, the Government of Aragón,
by means of the General Direction of Heritage has provided a small, supplementary
fund to support the programmed excavations and prospecting works, if they are
convenient for the administration’s purposes. Such financial support has played an
important role in helping small-scale research teams and projects to progress in the
definition of important areas, and fossil collection. In some other cases, the
Government’s Research Institution, the so-called CONSI+D, has funded long-term
palaeontological research projects and even geological heritage programmes, as it is
the case in the valley of the River Martín (Ariño-Oliete-Montalbán region; Prov. of
Teruel), which has been recently declared a Parque Cultural. In some cases, provincial
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Fig. 10: The trace-fossil site of Bueña (province of Teruel). This outcrop, known as the
type-locality of the new ichnotaxon Megaplanolites ibericus  MELÉNDEZ (in Calvo  et al.,
1987) has been selected as point of interest by the regional government of  Aragón
(with the participation of the administration of the village of Bueña). This has resulted
in the setting of explanatory panels. 



institutions can fund similar projects, to compile and update the available information
on palaeontological heritage. This is, for example, the case of the report recently
produced for the province of Teruel (Soria, 1993). 

PUBLIC CONCERN AND SOCIAL AWARENESS 

In establishing an adequate legal frame and public management of the
palaeontological heritage, sites and collections, there must be evolution towards
agreement and collaboration between the three main social partners involved: the
political authorities, the community of palaeontologists, and the population. 

The role of political institutions 

As the main bodies responsible for the protection and preservation of historical
heritage, political institutions may play an essential role in developing the legal
framework and politically effective protective measures. This involves, on one side,
the creation of specific, palaeontological legal acts and features which may result
appropriate and effective to protection of both a fossil site and a larger area enclosing
relevant outcrops and sections. This must be complemented by the production of a
first, but periodically enlarged, list of protected sites. On the other hand, is the
development of adequate protection measures on threatened outcrops and sites. This
means, for example, the setting up of protective or covering structures on relevant
sites affected by imminent destruction (by weathering or human action), or the active
surveillance of fossiliferous sites and protected areas in order to prevent illegal
collecting and destruction. 

The role of the Spanish Palaeontological Society

The palaeontological community, as the assembly of specialists, must develop the
primary functions of studying the palaeontological heritage (and publishing the
results) and evaluating the importance of fossil sites, sections and collections. In this
sense, a fundamental advisory role is assigned in both establishing the scientific
criteria to declare a site as a protected area (Morales, 1996), and in producing the list
of most important, threatened, and affected sites, for protected status. Such
professional commitment must be fulfilled within a frame of agreement with the
political institutions favouring the reaching of mutual benefit (which, unfortunately,
is not always the case), and should be organised and developed within the joint,
coordinated action of the Spanish Palaeontological Society, represented at this point
by its Palaeontological Heritage Commission. This commission, recently constituted in
1997 after a long process of acting as an informal working group, has among its
main aims: 

– The compilation and dissemination of information on legislation and events
concerning the palaeontological heritage. 

– Active work towards establishing a categorisation of sites, as stated above
(Meléndez et al., 1999). 
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In this sense, the Heritage Commission could play a true coordinative function
among the members of the Palaeontological Society, and serve as an intermediate
link between it and the political institutions on one side and the society on the other
(Soria & Meléndez, 1998). This would involve acting before the administration to
facilitate the professional work of palaeontologists on the obtainment of digging
and prospecting permissions, the study and final destination of the investigated
material and the selection of most important sites as protected legal features. This
should start by their selection and nomination as Points of Special Palaeontological
Interest (PEIP) within the Palaeontological Society, as stated above, so that proposals
for protecting fossil sites would arise from the Palaeontological Society (as the
professional association of palaeontologists) rather than from personal, individual
opinions (Fig. 11). 

Social awareness and care 

All in all, this cooperative work between palaeontologists and the administration
would be of little value should a similarly close realtionship not be established with
the local population and cultural associations. It is of primary importance for the
community of palaeontologists to raise social concern for the palaeontological
heritage as a valuable, scarce and often endangered goods of enormous scientific
and cultural interest. As recently stated by one of the authors (Page et al., 1999): “(...)
to make landowners and people from these localities feel a part of this scientific
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Fig. 11: Different ways a palaeontological site may be proposed as a candidate as a
protected feature under the Law of Historical Heritage (1985): (a) directly (right), by
any qualified person, as a particular or institutional intiative (a department of
palaeontology, or an administrative institution, etc), and (b) indirectly, as proposed
here (left), by means of the Spanish Palaeontological Society, after selection and
nomination of most important points as PEIP (Point of Special Palaeontological
Interest) by the Heritage Commission of the Society. 



heritage. It is a work of prompting social awareness on the scientific value of fossils
and sites beyond their social/ornamental value as beautiful or mysterious objects”. 

This process must, however, be accompannied by a symmetrical effort for the
development of a respectful attitude among scientists and politicians towards the
inhabitants of the localities with important sites, favouring the creation of small
exhibition halls and allowing private collections to surface and be incorporated into
local palaeontological heritage. Little success could be achieved if this heritage is not
felt by the local population to be part of their own culture and history. This implies a
twofold important task for palaeontologists and politicians, namely: 

(1) the social management and didactical development of the palaeontological
heritage, in order to raise a social concern and interest for palaeontology and fossils.
This may be favoured by the activities organized frequently by local cultural and
amateur associations which may be a precious instrument to raise interest in the Earth
sciences, and a protective feeling towards the palaeontological heritage. 

(2) The ‘actual’ linking of the palaeontological heritage with the region of origin. This
point presents many difficulties, because scientific study and adequate preservation
of the fossil material can only be achieved in research institutions and university
departments, and in properly arranged museums. However, political institutions and
palaeontologists can no longer transmit the feeling of exclusive ownership on the
fossil wealth of a site in a small locality yielding an important piece, taking it for study
and then delivering to a museum, while asking the local population to collaborate in
the protection of their heritage. 

A change in attitude is therefore needed from the institutions, in order to promote
the creation of small local museums and exhibition halls (see above) to hold local
pieces (or replicas) of special social interest, involving the participation of both local
authorities and population, and of palaeontologists. This would surely mean a long-
term financial and cultural programme including considerable local investment. Yet it
would be a profitable investment in culture and heritage protection. In this sense,
activities led by local authorities and cultural associations may be highly valuable, in
both the true protection of sites and in spreading a cultural interest in the
palaeontological heritage (Fig. 12). Some examples in the region of Aragón, involving
the creation of small local museums, have already been started in such cases as the
human jaw of a primitive Homo sapiens of Molinos (Teruel), the vertebrate remains
(mostly dinosaurs) of Galve (Teruel), the recently discovered skeleton of a sauropod
dinosaur in Peñarroya de Tastavins (Teruel) and the celebrated skull of crocodilian in
the marine sediments from the Callovian of Ricla (Zaragoza, see Fig. 7). In all these
cases, small exhibitions or local museums have been supported by the combined
action of the local and the regional government. 

CONCLUSIONS 

Even though the current legal framework on fossil heritage in Spain has made a
remarkable progress in the last fifteen years, since the appearance of the National
Heritage Law (1985), there is a long way to go to define adequate legal features for
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protecting sites and collections. In protecting this heritage from damage, anthropic
actions, public works or uncontrolled collecting, political institutions have a major
role to play through the instruments of the law and active surveillance of threatened
sites. Palaeontologists and the Spanish Palaeontological Society (by means of the
Heritage Commission) must play an essential advisory role. In this respect, the
existence of an informal, internal heritage feature within the society, such as the
Point of Special Palaeontological Interest (PEIP) appears as a convenient instrument
for palaeontologists, to help produce an independent list from that of the
administration, which might serve as a database for subsequent legal definitions. 

The work of scientists and political authorities must follow a pattern of cooperation
and mutual support rather than confrontation, as it might be often the case, since
both palaeontologists and administration are essential links for the preservation and
management of sites. Yet little will be done and achieved if a serious effort is not
made towards creating social concern among the local population. It is therefore
necessary to support social and cultural activities which may arise social concern and
interest on palaeontology and heritage. In the same way, efforts should be addressed
to link the fossils with the original territory and localities, by supporting the creation
of local museums and exhibition halls which make the people feel concerned with,
and take care of, their own cultural and palaeontological heritage. 
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Fig. 12: Different kinds of possible measures at a local level, beyond government
initiatives, to enhance social awareness and care of fossil sites. Both local village
authorities and private, cultural associations may play an important role in both
protecting and increasing social interest on palaeontology and fossil sites. 
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This text has been prepared by the editors of this volume on the basis of the contributions of
the key-note speakers of the Symposium, integrating the particular  conclusions of the the-
matic sessions collated by the chairmen of the discussions, who were: J. Carreras, P. Dingwall,
I. Drandaki, A. García-Cortés, G. Gonggrijp, T. Hose, G. Martini, G. Meléndez, F. Pérez-Lorente,
W.A.P. Wimbledon and F. Zarlenga.

1. There is abundant evidence that the preferred method of achieving sustained
protection for geosites is to manage them within legally protected areas.  There
is, of course, a very varied approach to protected area establishment throughout
Europe, not only because of the different legal systems, but also because of the
diversity of sites requiring protection - ranging from small sites such as fossil loca-
lities to regional-scale landscapes.  Thus, a variety of categories of protected area
is required for geodiversity conservation, as is the case for protecting biodiversity.
Evidence from the presented papers suggests that categories are being applied
as is appropriate for the conditions of protection required.

2. A great deal of geological heritage is secured within protected area systems, but
usually this has come about  despite the existence of direct legal provisions for
geoconservation rather than because of them.  Inclusion of geological features
in protected areas is often a result of community interest and initiative rather
than official action by governments.  Local efforts for non-statutory protection
(such as Second-tier sites, including Regionally Important Sites, as in parts of
Britain) are vital in this respect.

3. At the national level, in many countries we are witnessing a shift from a former
implicit reference to geoconservation in legislation, to more explicit provisions.
This reflects a deliberate effort to improve the statutory underpinning for geo-
conservation.  Spain, Slovenia and Italy were prominent among the countries
reporting either revision of existing legislation or enactment of new legislation
applying directly to the protection of geological features and sites.  This increas-
ing maturity of the legal framework for geoconservation is an encouraging deve-
lopment.  Legislation not only provides the legal mandate required for govern-
ment officials to develop geoconservation programmes, it is also a very effective
awareness-raising device for generating support from all sectors of society, which
is so vital to the success of the geoconservation movement.
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4. Another significant shift reported is that from inventory, listing and establishment
of geosites, to on-site management.  This reflects a move from consideration of
what to protect to consideration of how to protect.  Thus, many countries are
now in the management-planning phase. Management planning is vital for
achieving long-term protection subsequent to the effort that has gone into inven-
tory and assessment of geoheritage.  Experience from protected areas around the
world demonstrates that without focussed site-specific management planning
and implementation the long-term security of protection cannot be guaranteed.  

Along with this has come realisation that geosites require protection for multiple
uses:  science and research; education; heritage protection; and visitor enjoyment
through recreation and tourism.  Geosites can no longer be considered the sin-
gle preserve of scientists as natural laboratories or reference sites. The multiple-
use concept of Geoparks is a natural outgrowth of the requirement to satisfy a
range of demands for protection of geosites.   Some of these many uses may be
incompatible.  Demands of some interest groups may impinge upon those of
others.  The purpose of planning is to reconcile conflicts arising from competing
demands and uses.  This in turn requires that planning includes consultation with
all stakeholders such as science organisations and institutions, universities,
museums, public interest groups and, in the case of mining and tourism, the
commercial sector.  A holistic approach brings the requirement to balance the
competing demands, so that a range of appropriate uses can be provided for
without compromising the principal protection objectives and primary scientific
interests.

Slovenia and England demonstrated the needs for planning an management
intervention at fossil sites, in particular.  These may be vulnerable to crowding and
excessive collection of fossils.  Management of such sites must take account of
the needs of security of the protected features but must also be sensitive to the
wish of the public to have access to the site, thereby retaining the much-needed
public support for protection and the free pursuit of science.  Establishing part-
nerships with interest groups is an ideal solution to ensuring cooperation.

5. The vast storehouse of information available from geosite inventory and assess-
ment can be an invaluable resource for informing land-use and resource planning
and management, including the environmental impact assessment process that
accompanies resource development.  In the debate on exploitation and protec-
tion of geological resources, geoconservation can now stand on very firm
ground, with improved, authoritative, science-based information on the conser-
vation value of geological resources.  Thus, geoconservation is better equipped
than ever before to make input to the local and regional planning or resource
uses.  

6. With the maturing of national geoconservation programmes, increasing atten-
tion is turning to the  need to recognise and to give appropriate status to geosi-
tes of international significance.  In doing this, countries are using the stimulus of
the Global Geosite programme of the International Union of Geological Sciences,
which is aimed at identifying national, regional and international sites of impor-
tance.  This programme is helpful in being systematic and having a strong con-
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textual and comparative basis.  Its emphasis on determining the  representative-
ness of sites is particularly useful, giving opportunities to represent natural
systems and geodiversity, avoiding parochialism and recognising the international
nature of this diversity.

As to the World Heritage Convention, several countries have submitted World
Heritage proposals recently, including the famous High Coast of Sweden, and the
United Kingdom has placed two sites on its national indicative list.  World
Heritage sites can be a beacon for stimulating geoconservation both within and
among countries.

We cannot deny the merits of the case for international geosite recognition, nor
the motivations of those who promote it - which include reclaiming the memory
of the earth by protecting a global series of sites that is fully representative of the
world’s geodiversity.  These are laudable aims, and they should be persued vigo-
rously, especially to parallel the efforts of protecting global biodiversity.  To pro-
tect geosites we should first take advantage of all existing international conser-
vation conventions.  Already, the Ramsar Convention has displayed a capacity to
adapt in its objectives to broader wetland conservation issues.  Moreover, policy
under the World Heritage Convention was substantially changed to recognise
geological significance in designating sites (through the IUGS-IUCN-UNESCO GIL-
GES working group, the forerunner of GEOSITES).  But existing instruments may
not be sufficient to achieve all the objectives of geosite protection at the global
level. It has been suggested previously that it may be necessary to develop a spe-
cific geosite protection instrument, and the recently proposed Geoparks project
might initiate such a convention under UNESCO.  If this is done, consideration
should be given to associating geoconservation with existing conventions.  There
is some inertia with respect to the development of new conventions, and a reluc-
tance to commit to the administrative and financial costs involved.  Therefore, the
Geoparks Programme, for example, may have its best chance of success if it is
nested within the MAB Programme alongside Bisosphere Reserves.  The preferred
strategy for ProGEO may be to promote changes to existing philosophy and
policy rather than to develop something new and unique to geoconservation:
ProGEO´s stated policy is to spread and build upon good practice, and to encou-
rage stronger members states and organisations to help the less able.

7. As general conclusion, an increasing interest in approaching inventories and cata-
logues is observed in an ever greater number of regions and countries.
Nevertheless the coordinated initiatives that approach regional inventories with a
supranational perspective are few. It is urgent to take  advantage of the increas-
ing interest and enthusiasm awoken in many countries by the prospects offered
at European level by ProGEO regional working groups. The assumption of the
postulates of the IUGS Geosite project make it, without doubt, one of the most
appropriate channels to further  these objectives: as it takes forward a simple and
uncontroversial methodology and enables cross-border collaboration, through
the identification of key elements in regional and European geodiversity.

8. Educational, training and interpretation subjects are fundamental parts of all con-
servation strategies. Education is a powerful tool and therefore a big priority if
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geological heritage conservation is to be more successful. An indicative inventory
between geoconservationists from different European countries led to the con-
clusion, already known (but not its real dimensions), that geological heritage and
geoconservation concepts are almost totally absent in school curricula and envi-
ronmental education programmes.

The development of the relations between geoscience and education should take
place in the whole geoscientific community. The Commission on Geoscience
Education and Training (COGEOED) of the International Union of Geological
Sciences, Universities, Geological Surveys, Geological Societies, and UNESCO
should promote and  support initiatives in this way. 

For successful geoconservation education, the following basic actions are essen-
tial:

• Promotion of the geoconservation idea at all levels in school curricula and in
environmental education programmes; as well as increasing awareness and
vocational orientation and re-orientation programmes.

• Development of international networks and links.

The role of ProGEO is a sine qua non for the development of  relations between
science and education, and for the maintenance and the sustainability of  edu-
cational initiatives. 

It is not an exaggeration to say that conservation is not achievable without edu-
cation and a raised level of sensitivity.

9. It is clear that Geological Heritage and Geotourism are essential components in
policies for the development of any territory. We should not only speak about the
scientific or cultural values of this heritage, but also about its possible economic
impacts. For example, the cave of Nerja (Spain) will induce more than 1000 indi-
rect jobs. To clarify our words, it is possible to generate special budgets which will
guarantee conservation. It is obvious that we need money to work.

The essential points for the development of geotourism follow the published
ProGEO aims for a broad-minded, integrated and holistic approach, successfully
followed in a number of countries already.They are: 

• a common approach; we must learn to work with all the ‘players’ (developers,
politicians, town planners, heads of enterprises). We must think also of whole
areas, that are geographically and societally coherent.

• a heritage “front”; there is a need to integrate geological heritage with other
heritages in a territory, where this would bring benefits, with the aim of giving
a balanced and coherent policy.

• territorial integration; there is a need to understand and integrate the dimen-
sions and important elements in the context whitin wich they exist.
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• undertake and evaluation of the economics of geotourism.

In conclusion, geotourism may be a key for the development of disadvantaged
territories.

10. Initiatives on Geoconservation may be diverse at different levels: international,
national, regional and local, but all of levels have to be considered, establishing
the linkage between them and integrating all the initiatives in the framework of
Nature Conservation and the sustainable development.

207



The Madrid Declaration was approved unanimously by the plenary session of the IIIrd
International Symposium on the Conservation of the Geological Heritage. Before its
reading, it was introduced to the plenary session by the executive secretary of
ProGEO. In this section, both words of introduction and the Declaration are included.

Introduction to Declaration (words addressed to the plenary session by W.A.P.
Wimbledon, Executive Secretary of ProGEO)

I have been asked by our chairman, Dr García Cortés, and the organizing committee
of this excellent meeting, to introduce the final Symposium Declaration. Before I do
that, I would like to steal a few moments to set the scene and the context for this
meeting, and this declaration. This is the IIIrd International Symposium on the
Conservation of the Geological Heritage, following those in Digne and Roma. The
organisors of those important meetings are with us here: very great thanks to them.
Digne gave us an ethos and showed us what we wanted to do (and did not want to
do) in Europe as an association, and Roma gave us the balance and made the
association a whole, with all regions fully engaged.

ProGEO has come a long way since the Digne declaration, a colourfuly worded
exposition of our ethos. In the time since, ProGEO has made many and major
practical contributions, the “geo” part of the the Council of Europe´s European
Landscape and Biodiversity Strategy came from ProGEO. Our Association played a
major part the drafting of that document, and also in getting geology more to the
fore in the Operational Guidelines for the selection of World Heritage Sites, when
UNESCO (WH centre) revised them. The proposed Geoparks intitiative of UNESCO (ES
Division) has been guided by a number of leading ProGEO members, determined to
give scientific sites a prominent place. Through its determination to identify a
European geosite list, based on the best scientific opinion, ProGEO has led the way
in the work of the International Union of Geological Sciences, work that is now being
replicated in Asia and Africa.

ProGEO continues to work for the strengthening of ties and the healthy integration
of Geoconservation within Nature Conservation. This holistic, all-embracing,
approach was promulgated long ago by ProGEO. Though we see that there is
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enormous sense in working with other disciplines for practical conservation, we
regard geoconservation as indivisible, like the geosciences it supports: it is varied, but
its individual parts constitute a continuum, the same principles of geoconservation
encompass all types of site. This is important, because it is a key element in our fight
to have geoconservation recognised in all countries and at all levels, not to have it
seen as some subsidiary to archaeology, biology, or another discipline. It would be the
biggest mistake to let geoconservation be weakened by fragmentation so that, for
instance, fossil or mineral sites or landforms were arbitrarily protected, and geology
in all its richness forgotten. In this, cross-border cooperation helps avoid harmful
factionalism and parochialism. There is a growing determination to conserve
geodiversity wherever it is significantly represented in the rock and landform record.
New and productive links have been formed with the International Union Geological
Sciences through participation in its Geosite programme and Working Group. In
1998, at a ground-breaking meeting in Bulgaria, ProGEO compiled the first ever
European listing of Geosite frameworks, for consideration by our community of
geoscientists and conservationists. Recently has come Grecel, a magnificent first for
its dynamic organisors, leading the way in geoconservation training and education.
In all these things, ProGEO regional groups should play their part. 

I would like to use this opportunity to say a few words of thanks, to all who
contributed to this creative meeting: we have all learned much - on tourism, on
training, on modern technology, as well as our established preoccupations of site
identification, selection and management, of statute and the planning process - the
things that keep many of us busy in our daily working lives. Anyway, thanks and
many thanks to all who have reached out to us to communicate their message. 

I have said various words of adulation and genuine words of thanks. Words play an
important part in the modern world. Buzz words, catch phrases, words that people
readily remember. ProGEO has given the world several new words. You hear them
now every day: “geoconservation”, “geosites”, “geodiversity”, “geoheritage”. This
commonplace, easy language is important, if we are to catch people’s imaginations,
to involve them, to overcome the lingering mystery of geoscience and
geoconservation. We are mostly specialists and we love our fancy long words, and
we love to confuse all with our jargon. But there is no great mystery. As the Digne
Declaration said, the geological record that we try to conserve is a book, it our
geological heritage, and it can be read by all with a little help. It is our shared
heritage. It is also the record of life and the substrate on which all present life now
exists. 

Of course, the greatest achievement of ProGEO in recent years - in parallel with
papers, innumerable national and regional workshops, and three international
symposia - is the fact that we have formed a movement, a geoconservation
movement! 

This has been a very busy, productive and informative meeting. Paul Dingwall kindly
came all the way from New Zealand to represent IUCN and attend this conference. It
was encouraging to hear him say so clearly in his keynote talk that ProGEO was
globally taking the lead in geoconservation, and setting the agenda. ProGEO’s easily
remembered name has now a certain popularity! I am overjoyed at the way in which
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our Spanish colleagues have guided us at this meeting, playing their rightful role in
our movement. We are mostly privileged foreigners here. I take this opportunity, the
only one I will get, as the Secretary of ProGEO, to thank ITGE for its leadership, to
thank our Spanish colleagues, whom we esteem very much, for their unfailing
courtesy and care. I thank them all, and the organizing committee in the person of
Dr Daniel Barettino. 

Why are we here? We are here to take forward the agenda ProGEO has already
published and which all the association has agreed. We have been here to work, to
aid our Spanish colleagues and to work with them. We have come to take forward
our shared aims, and to give some help in pushing geoconservation in Spain and
Iberia along its road. This has been a successful venture.

We, as an association, have delayed coming to Spain for far too long, though all have
been well aware of the progress made here by the Spanish Commission, ITGE, and
our colleagues in ProGEO. In the years since Dr García Cortés and colleagues
attended the Digne meeting, much has happened in Spain, and the proceedings of
the meeting show that in full measure. Of course, I talk much of Spain, but we have
in the last days been furthering cooperation in Iberia as a whole. Last night I had the
honour to attend the first meeting of the Southern European Working Group of
ProGEO, covering Spain, Portugal, Italy and southernmost France, the latest of the
association’s regional working groups. The meeting discussed the first steps towards
regional collaboration and joint projects. The commitment and energy of colleagues
in Spain, Italy and Portugal are obvious. 

The Declaration. The two previous International Symposia at Digne and Roma,
produced declarations, laying down the guidelines, the fundamentals, for
geoconservation and a way forward. The principles are therefore set. In introducing
this declaration, I only need say that it builds on those sound foundations, and much
else that has been agreed and published, in Europe and in the Spanish Commission.
This declaration is particularly addressed to supporting the agenda for
geoconservation as it exists today in Spain through our colleagues. It is designed to
support the efforts of those who work to make geoconservation a success in Iberia.

Mr Chairman, with your permission, and on behalf of the organizing committee, I ask
the support of all colleagues for this declaration, and wholeheartedly recommend it
to this assembly.

W.A.P. Wimbledon
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DECLARATION

Preamble: Geodiversity is a natural phenomenon. It is the physical underpinning of both the
biotic and the abiotic world.

Our cultural, economic and historical development is intimately linked to the complexity and
controlling influences exerted by the physical (geological) world.

1. Integration of geoconservation into nature conservation policies should take place, with
full cognizance of the fundamental importance of geodiversity.

2. This integration must be achieved applying proven methods founded on good geoscience.

3. Nature conservation organisations have responsibility for the protection of our geological
heritage (including the physical landscape) as a component of the natural heritage. They
need to be assisted by Geological Surveys and the Geoscientific Community.

4. Mobilisation of scientific opinion and conserted contributions towards geoconservation
make it possible to undertake integrated consideration of natural environment protection,
including both biotic and abiotic elements.

5. A first step to achieve the integration of geoconservation into nature conservation would
be an evaluation of the Geological Heritage in already protected areas, followed by the
promotion of interpretive initiatives, in order to increase social awareness of
Geoconservation.

6. One vital element in any strategy towards more effective geoconservation is raising
awareness of geoscience and of geological heritage. This must be achieved in school
curricula, and through training.

7. We endorse the production of a southern European integrated Geosite framework and
site/terrain list.

8. We restate our enthusiasm and commitment for the regional working groups of ProGEO
and their coordination of the work of national ProGEO committees.

9. We support the effective application of existing nature/geological conservation legislation.

Written on the 25th November 1999 in Madrid
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