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Some geological outcrops have a special scientific
or educational value, represent a geological typelocality
and/or have a considerable aesthetical/photographic
value. Such important outcrops require appropriate
management to safeguard them from potentially
damaging and destructive activities. Damage done to
such rock exposures can include drill sampling by
geologist for scientific purposes. In this work, we show
how outcrops important to structural geology and
petrology can be damaged unnecessarily by drill coring.
Unfortunately, regulation and protection mechanisms
and codes of conduct can be ineffective. The many
resources of geological information available to the
geoscientist community, e.g. via Internet, promote access
to sitesof geological interest, but can also have a negative
effect on their conservation. Geoethical education on
rock sampling is therefore critical for conservation of
the geological heritage. Geoethical principles and
educational actionsare aimed to be promoted at different
levels to improve geological sciences development and
to enhance conservation of important geological sites.

Conserving the geological record

Geological Heritage represents a collection of records of Earth’'s
history and processes. Rock exposures are the most important
information sourcesto provide evidence for deciphering the complex
evolution of the Earth. Some outcrops are crucial to interpret the
geological evolution of a region, others are important for
understanding aspects of petrological, tectonic or geomorphologic
processes. Occasionally, geologists encounter outcrops which
immediately stand out because they are exceptionally clear examples
of certainfeatures, text-book examplesof certain mechanismor simply
structures of a beauty (Fig. 1). Other important outcrops are those
where a particular formation or structure has been first described,
which become type localities for such features. Such outcrops are of
great value for teaching and geotourism, and some have been known
for generations and are being visited time and again.

The value and significance of the geologica heritage merits
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appropriate management to safeguard it and, if particularly vulnerable,
preservation for education, research and enjoyment of present and
future generations. Many geological sitesare permanently threatened,
evenif they areincluded in protected sites (e.g. Carrerasand Druguet,
2000; Reimold et al., 2006). This can be due to the fact that rocks are
to many people a fixed, unnoticed and uninteresting background to
the biosphere, for which protection measures are irrelevant.
Conservation regulation and management plans are often primarily
based on biodiversity and ecological criteria, causing alack of effective
tools to take actions to prevent destruction of geological heritage.
Over the last two decades, great efforts have been made to promote
the recognition of the geological heritage as an important part of
natural and cultural heritage. However, when examining current
protection plans and nature conservation policies, limitations of their
efficacy in geoconservation become evident. For instance, thisproblem
can be detected in the framework given by the International Union
for Conservation of Nature (IUCN). ThelUCN has established several
categories of protected areas which have significance for setting
management plans (Dudley, 2008), and these are based on principles
that are systematically biased towards biodiversity aspects. It is
important to notice that the IUCN is the advisory body for natural
heritage nominations to the UNESCO World Heritage List (http://
whc.unesco.org/en/guidelines). Specifically targeted for geoheritage
is the Global Geoparks Network, a UNESCO supported initiative
which aims to stimulate sustainable economic and cultural
development of a region based on the presence of significant
geological sites (http://www.globalgeopark.org/, Global Geoparks
Network, 2010). However, only geositesthat arelarge enough to serve
local/regional economic and cultural development can be included
in this category. Nevertheless, integrated conservation and
management plans seem to represent an adequate strategy to protect
the rather common sites where geological heritage is associated with
other natural and/or cultural values. In this context, geoconservation,
as a sum of strategies related to the assessment and conservation of
the geological heritage, must serve to strengthen the implementation
of geological criteriain theseintegrated management plans. However,
highly significant and valuable geological sites do not need to be
included in protected areas to deserve conservation.

Outcrop damage undertaken in the
name of scientific advancement

Outcrops are being threatened in several ways. Outcrops all
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Figure 1. Example of an intact outstanding outcrop of refolded folds from the classical Cap de Creus shear zones (Eastern Pyrenees,
Spain), and the reaction of a group of enthusiastic geologists during the 2011 GSA Penrose Conference “Deformation Localization in

Rocks: New Advances’, taking photographs of the outcrop.

gradually weather and erode, and are constantly being destroyed (and
created) by road building or construction work. Depending on climate
and geological environment, outcrop surfaces remain visible for
decades to several thousands of years. This damage by erosion and
human construction activity is similar to that experienced by
archaeological sites and historica buildings. In some cases, damage,
partial loss and destruction cannot be avoided, but generally, less
care is taken in protecting geological outcrops than in preserving
archaeological sites. For example, in Europe, the 1992 Valetta Treaty
forces states to protect their archaeological heritage and to take care
that sites are protected or, where this is not possible, properly
investigated and recorded (http://conventions.coe.int/Treaty/EN/
Reports/Html/143.htm). ICOMOS (International Council on
Monuments and Sites) and UNESCO have similar initiatives, such
as the “Recommendation on International Principles Applicable to
Archaeological Excavations’ (UNESCO, 1956). Archaeologica sites
arecommonly discovered during construction work, and in such cases,
there is often immediate action to try and protect the site. This is
much less common with geologica sites, with very few examples of
outcrop protection during road building (e.g. Van Hise Rock National
Historic Landmark, Wisconsin, USA, http://www.nps.gov/nhl/).
Outcrops are not only threatened by building or similar large-
scale destructive activities. On a smaller scale, fossil and mineral
rich sites can be damaged by collectors and merchants who collect
fossils and minerals for private or commercia purposes (Kiernan,
1997; Sharples, 2002; van Loon, 2008). Outcrops seem to be unique
inthat they may becomethe object of damage or destruction motivated
by research aims. The extreme clearness and scientific value of some
outcropsistempting geologists, as scientists, to usethemfor research,
and this means sampling. This commonly brings researchersinto the
moral dilemma that they would like to sample a structure for lab
work, but in doing so, the outcrop may be damaged to such an extend
that its aesthetic appeal and scientific value are diminished or
destroyed. In archaeology and art, preservation of the artefact or
artwork is always more important than invasive research that could
damageit, and alarge number of non-destructive research techniques
have been devel oped. Few peoplewould consider taking arock sample
from the Tgj Mahal or the Acropolis of Athens. In geology, we are

less used to the idea to protect outstanding outcropsin asimilar way
as artefacts. The geological community should be more aware of
conservation issues and try to conserve exceptional outcrops so that
future research work and educational use can continue.

Hammering and drill coring are the two most common techniques
used by geologistsfor rock sampling. With the availability of portable
drilling equipments, rock coring has progressively gained popularity
over the last decades over traditional methods: coring allows samples
to be taken precisely at specific positions of interest from an outcrop
pertinent to the geological research being undertaken, especialy on
smooth surfaces that are hard to sample by hammering. Coring
however, although apparently cleaner and less destructive than
hammering, can cause much more damage to the outcrops if
undertakenirresponsibly. Thisisbecause, asexplained by MacFadyen
(2010), irresponsible coring can deface or even ruin the appearance
and photographic value of outcrops. Small-scale geological features
may even be completely destroyed by coring. Hammering can aso
damage outcrops, especialy if theinteresting structure is completely
removed, but otherwise leaves behind a more natural scar which
resembles the pattern of fractures and joints that normally constitutes
the face of an outcrop: it may blend imperceptibly with the outcrop
after a number of years because of weathering. Drill hole scars are
much more permanent. Saw sampling is another procedure that can
be very adverse to delicate outcrops, but saw cuts can be more easily
restored to a natural looking scar by hammering.

In the UK, a country where geoconservation was pioneered and
it is now well established, the “Geologist’s Association” of the
Geological Society of London publishedin 1989 the* Code of Conduct
for Rock Coring” (Robinson, 1989a,b). Despite the existence of this
code, irresponsible coring continuesto thisday in the UK, asreported
by Campbell and Wood (2002) and MacFadyen (2006). Increasing
concern and awareness of this problem resulted into several
publications by MacFadyen (2007, 2010), where particularly
destructive cases of coringinthe UK are communicated. Thisresulted
in the preparation of the Scottish Core Code by the Scottish Natural
Heritage (MacFadyen, 2011) and to the 2011 updating of the former
“Code of Conduct for Rock Coring” by the“ Geologist’sAssociation”
(Wwww.geol ogi stsassoci ation.org.uk).
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Irresponsible sampling is a recognised problem throughout the
world. Itiscommonin many countriesthat scientific and professional
geological associations have a code of conduct or ethical behaviour
that sets out recommendations and the procedures to be taken into
account. However, apart from the above reported documents by the
Scottish Natural Heritage and the Geologists' Association in the UK,
there is no record of any other national or international document
aimed asan ethic protocol or code of conduct specific to rock sampling
for the conservation of relevant outcrops. A step in this direction has
been taken by the Spanish Association of Geologists (http://
www.icog.es/) on its recently updated Deontological Code, through
astatement concerning the need for compatibility between geological
activities and geoheritage. Besides this, the Geological Society of
South Africa recommends the use of the “Code of Conduct for Rock
Coring” produced by the UK Geologists' Association.

In order to illustrate the serious damage scientific sampling can
do, wegive some examples of outcropsimportant to structural geology
and petrology where sampling was undertaken by means of drilling
methods, and any protective measures taken (Figs. 2 to 6). They are
al relatively small (metre to centimetre scale) outcrops or parts of
outcropsthat contain delicate structures. After therock coring actions,
the aesthetic and photographic value of these outcrops has decreased
considerably.

Laghetti and Ponte Brolla areas, Maggia nappe,
Swiss Alps

These are among the most classic and internationally well-known
outcrop areas for ductile shear
zones. The spectacular shear zones
exposed in the Laghetti area (see
Fig. 2a, b) were first described by
Kerrich et a. (1977), Ramsay and
Allison (1979), Ramsay (1980) and
Simpson (1981, 1983). Someof the
earliest geometric models of shear
zones and of quantitative strain
estimates were performed using
these shear zones as an example.
These classic shear zones appear
substantially damaged (Fig. 2b)
and also a mafic dyke from the
samelocality hasbeen aggressively
drilled (Fig. 2c).

At Ponte Brolla, another
delicate outcrop shows melt-filled
mesoscale shear bands in
migmatitic gneiss of the Insubric
mylonite zone (Fig. 3). Thisisone
of the best examples in Europe of
high-grade shear zones coeval with
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Swiss universities. Defacing of the outcrop took place despite Ponte
Brolla-Losone being catalogued since 1977 in the Swiss Federa
Inventory of Landscapes and Natural Monuments (http://
www.bafu.admin.ch/) which aims to protect landscapes of national
importance. In contrast to landscape and bioecological elements,
geologica heritage is not yet sufficiently integrated into local and
national Swiss management plans, so that, according to the Swiss
Working Group Geotope of the Swiss Academy of Sciences, the
capacity to implement restriction and protection activities on
geological heritagesitesisstill very limited (Stiirm, 2005). The Group
Geotope started in 2006 an inventory of geosites to promote
geoconservation in Switzerland, but currently lacks legal status. The
last revision of this inventory (Berger et a., 2011) embraces Ponte
Brolla outcrops (geosite #499: Gole di Ponte Brolla), but not yet the
Laghetti area.

Mosel valley, Rhenish massif, Germany

Thisis an exclusive example of cleavage refraction in Devonian
slates and sandstones (Fig. 4). Early tectonic quartz veins devel oped
in sandstone layers follow the refractive cleavage and highlight the
structure. Theoutcropisaclassica sitevisited by many student groups
from Germany and Holland. The drill holes shown here were made at
theend of the 1980’s. In this particular case, we know that the samples
were taken for a comparative study of the magnetic properties of
sandstone and dlate, where any other less spectacular outcrop would
have served equally well. In fact, the samples were never used since
other, better examples were found later.

anatexis (see Merle et al., 1989; Figure 2. Two examples of destruction by drill coring in the Laghetti area, Swiss Alps. (a) Ductile shear
Passchier, 2001; Passchier and zonein granodiorite, photograph corresponding to Fig. 10a of Ramsay (1980), prior to rock sampling.
Coelho, 2006; and Berger et a., A sigmoidal schistosity fabric is well developed around the shear zone. Reprinted from Journal of
2008, for further details). The Structural Geology, 2, Ramsay, J.G., Shear zone geometry: a review, 83-99, Copyright (1980), with
outcrop, which consist of no more permission from Elsevier. (b) The same outcrop photographed in 2010. Noticefrom the graffitied numbers
that 10-15 well exposed shear that the four large holes are older than the small ones, which may indicate either two different projects
bands, is visited by numerous or arepeated sampling campaign. (c) A giant gap made of overlapping core holesto a lamprophyre dyke
student groups from German and intruded in granodiorite a few tens of meters from (b), also photographed in 2010.
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Figure 3. Small outcrop in the Ponte Brolla area (Ticino,
Switzerland) showing superb examples of migmatitic gneisses with
shear zones filled with melt. The cross-shaped drill coring has
destroyed the photogenic interest of the structures and irreversibly
removed part of the information that was recorded in these
migmatitic rocks.

Aiguablava, Costa Brava, Catalan coastal
batholith in NE Spain

The lamphrophyric dyke swarm of Aiguablava configures a site
of great scientific and educational value in the fields of igneous
petrology and tectonics, located in an outstanding coastal landscape
of almost equally magnificent geomorphological value. Dyke
emplacement is controlled by the presence of a widespread network
of joints developed during cooling of the late Variscan granitic host
rocks (Gimeno, 2002; Passchier, 2007; Enrique, 2009; Martinez-Poza
et a., 2012). Sa Planassa has become a classic locality to see the
dyke cross-cutting relationships and also the intrusive structures
associated to different joint sets. Geology professors with students
from various Spanish universities and from secondary schools have

been regularly visiting this locality for more than forty years, and
visits continue nowadays in the presence of defacing coring holes
(Fig. 5). In 2009, the most magnificent dyke locality at Sa Planassa
(Fig. 5) was marred with numerous drilling holes. It isan unfortunate
example of how geological heritage can be destroyed by geologists
for scientific interest, while there are nearby other, less conspicuous
outcropswhereidentical samples of theselamphrophyres can betaken.
Thishappened despite Aiguablavabeing catal ogued in the* Inventory
of sitesof geological interest of Catalunya” (Geozone 354: Aiguablava
and Aigua-Xelida dyke swarm, Carreras and Gimeno, 2000) and it
being protected by the Catalan legislation for its natural value, as it
belongs since 1992 to the “ Specia plan for protecting the natural
environment and landscape”’ (PEIN “Muntanyesde Begur”). In 2010,
after the Aiguablava outcrops had been damaged, the Catalan
legislation approved a new plan which regulates the use of the PEIN
“Muntanyes de Begur” site for geologica site protection.

Bear Creek area, John Muir Wilderness, Serra
Nevada, USA

This spectacular area has hosted numerous detailed studies on
post-magmatic deformation of granitoids including the devel opment
of ductile shear zone and faults (Segall and Simpson, 1986; Segall
and Pollard, 1983; Martel et a., 1988; Pennacchioni and Zucchi, in
press). This reflects, in part, the extent of extensive spectacular
exposuresin glaciated outcrops. The damaged outcrops (Fig. 6) show
foliated contractional jogs at the tips of extremely localized sinistral
ductile shear zones nucleated on precursor en echelon joints which
developed during post-magmatic cooling.

Inthe U.S. Wilderness areas, urban development is prohibited by
law and thus land has to be administered to preserve its wilderness
character. The John Muir Wilderness area belongs to the Inyo and
SierraNational Forests, established in 1964 by the United States Forest
Service. The specific regulation states that a notice of intent and a
permit are required for rock sampling, with request to cover the holes
beforeleaving the site. Some of thedrill holesin thisareahaveindeed
been filled in with concrete by those who carried out the coring under

Figure 4. Outcrop from the Mosel valley (Germany) showing excellent examples of cleavage and vein refraction structures. (a) The outcrop
in 1971. Pencil for scale. (b) The outcrop in 1999 after devastating drill coring. (c) Detail of (b).
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are scientifically very useful to the
geoscientist community and have
actually become one of the most
effective mediato promote geoconser-
vation and geotourism.

A number of activities have been
started in recent years to provide
information of relevant geological sites
through the indication of the precise
outcrop position, easily recorded and
located with any modern GPS device.
Examples of these initiatives are the
DloGeneS “database of Digital
Images of Geologic & nice Structures”
(http://www.diogenes.ethz.ch/) and the
interactive outcrop database
Outcropediaof TecTask (www.outcro-
pedia.org/). It is also increasingly
common in scientific papers, guides
and divulgation pamphlets to indicate
the GPS coordinates of the published
figures and spots of interest: thistrend
should be encouraged and recom-

Figure 5. Examples of drill coring in lamprophyre dykes intruded into leucogranites (Aiguablava, mended. KML (Keyhole Markup
Costa Brava, NE Spain). In 2009, the most magnificent dyke localities were drilled. (a) General view Language), which can be used for
of the two cross-cutting dykes at Sa Planassa. See text for further explanation. (b) and (c) Detail €xpressing geographic annotation and

photographs of the damage done to dykes.

a permit, athough the effect is unsatisfactory as the outcrops have
not recovered their origina state (compare Figs. 6a and b).

Komati River gorges, Songimvelo Nature Reserve,
South Africa

Reimold et al. (2004, 2006) reported damage to many prime
exposures along the Komati River gorge in the Songimvelo Nature
Reserve, where some of the earliest and most interesting rocks on
Earth are found. These were defaced by core sampling for scientific
purposes under permission of the Park board (de Wit, 2005). After
much discussion among the geological community, the results of this
sampling were published in Biggin et a. (2011).

Bartlett Wash, Utah, USA

Recently, another example of damage to an important outcrop
was reported by Dr. Bruce Trudgill (Colorado School of Mines) on
several internet sites (e.g. http://www.structural geol ogy.org/2012/04/
geo-vandalism-in-bartl ett-wash-utah.html). The defaced exposure, in
the Bartlett Wash areanear Moab, belongsto an areawhich isfamous
for its well-exposed deformation bands in sandstone (e.g. Davatzes
et a., 2005; Fossen, 2010, hisfigure 8.11). Sampling was performed
in this case by geoscientists using an electric rock saw.

Networks of information and communi-
cation technology: positive and negative
side effects

The numerous geological resources now available via Internet

Episodes \ol. 36, no. 1

visualization within Internet-based

Earth browsers, is now accepted by
scientificjournalsand can becomearoutine procedureto georeference
outcrops. This will allow anybody to access and enjoy the most
spectacular geosites. However, it also exposes the same sites to the
risk of irresponsible sampling. It is therefore recommended that
databases and promotional activities are accompanied by guidance
notes of good sampling practice to decrease the risk of damage to
outcrops, and to avoid that these new initiatives become frustrated by
a dwindling number of scientist who wish to publish the location of
spectacular outcrops.

Call for geoethical education strategies

Geoconservation should be afundamental practice of scienceand
of scientific deontological behaviour. Though sampling, and more
specifically coring, is useful and often critical to conduct laboratory
analysis and for scientific achievements, it should in most cases be
possible to target outcrops where this kind of action has no relevant
impact, therefore allowing the best, or unique examples of spectacular
geological structures to be protected for future research and
educational goals.

It follows that geoethical education is a key issue for
geoconservation. Geoethicsis an interdisciplinary approach between
geosciences and ethics whose main concerns are sustainable
development and use of geological resources, appropriate management
of natural hazards, geoscience communication and legal aspects,
museology and also geoheritage and planetary protection. This
concept, first defined by Martinez-Frias (2008) has ben further
reviewed and developed by Martinez-Frias (2011), Ferrero et al.
(2012) and Peppoloni and Di Capua (2012), among others. The 2011
“International Declaration on Geoethics” states among its
recommendations the need to strengthen the links of geoethics with
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Figure 6. Photographs of spectacular outcrops located in the East Fork of Bear Creek and in the
Hilgard Branch within the John Muir Wilderness, Sierra Nevada, USA, where sampling should be
particularly careful. (a) Outcrop showing the displacement and thinning of a leucocratic dyke across

Wewould liketo givethistentative
outline requesting responsible
behaviour, guided and inspired by the
UK Geologists's Association “Code of
Conduct for Rock Coring”:

e Drill sampling is particularly
threatening becauseit hasanegative
visual impact, whilst many times
unnecessary. Before sampling,
geologists should think about the
question “isdrill sampling necessary
for the study being carried on?”’

® Do not take samplesfrom the centre
of ageological typelocality or asite
of especial scientific, didactic
interest or aesthetical/photographic
value. If an outcrop is spectacular
enough that deserves being
photographed, then you should not
coreor sampletherock facethat has
been recorded. The same applies to
outstanding outcrops stored in
websites like the “Outcropedia’.

shear zones and a contractional jog. This figure shows as the outcrop appeared in 2007. (b) The e Sample other parts of the same or a

same outcrop asit is now (photograph taken summer 2011). Most of the drill holesin this area have
been restored with a concrete filling, in order to somehow repair the visual impact of coring, asis
enforced by restrictive sampling permits. However, thisis a clear example of how restoration cannot
return an outcrop its original beauty and a clear example of an outcrop where drilling or sampling
should have been avoided. (c) Another outcrop, from the Hilgard Branch, damaged by drilling.

the new aspects of the geosciences education and to incorporate
geoethicsinto any activity related with abiotic world. Thishasrecently
been proclaimed by the “Working Group for Geoethics’ of theAGID
(Association of Geoscientists for International Development) and the
newly established International Association for Geoethics. However,
geoconservation concerns are more implicit than explicit in these
publications. More clear and explicit is the recently updated
Deontological Code of the Spanish Association of Geologists (http:/
/www.icog.es), which includes a paragraph requesting geologists to
be aware of geological heritage while performing their activities on
rock exposures.

All these actions should explicitly recognise geological heritage
outcrops and call for their conservation. The geosciences community
should apply similar principlesto geological outcrops asthose applied
by most historians and archaeologists to the study of ancient
monumentsor archaeol ogical sites. Such principlesare communicated
through protocols, codes, best practices, regulations and policies that
provide national and international frameworksfor heritage protection.
In the case of archaeological heritage it is worth to notice the prompt
edition of its international protection principles (UNESCO, 1956).

We consider that guides and codes of ethical conduct should
incorporate guidelines for rock sampling, and outcrop conservation,
such as done by different associations in the UK (referred to in a
previous section). Concerning mitigation of damaged outcrops, some
guidelines are given and research is being done in Europe by the
Scottish Natural Heritage to establish a methodology for outcrop
restoration (see MacFadyen, 2011). It would be useful to expand this
initiative to investigate what measures can be taken to restore drill-
coring damage to outcrops.

neighbouring outcrop wherethereis
less impact. Core samples must be
discrete in location; take cores from
the least exposed faces and try to
plug the holes using the outer end
of the core, if possible.
e Before sampling ask experts and authorities (e.g. Natural Reserve
or National Park managersif the areais protected) for advise and
permission.

Final remarks

Geoethics, geo-education and geoconservation are intrinsically
related principles that are to become integrated for the best practice
in geosciences. Geoconservation and geoscientific sampling can be
reconciled if we place geoconservation principles before individual
research aims. Sampling is not antithetical to geoconservation when
done in an appropriate and careful way. Also in geological sciences,
it isnot just what we do, but how we do it that matters.

Regulations, athough necessary, can prove to be difficult to
implement and are sometimes ineffective. Therefore, geoethical
education onrock sampling seemsto beacritical issuefor conservation
of our geological heritage.

Geoethical principlesare aimed to be promoted at different levels:

e Ethical protocols and codes of conduct should include
geoconservation issues, being explicit about responsible sampling.

This could be included into existing and/or newly designed

procedures and standards of different institutions: education and

research centres, publishing companies, funding agencies and
national or international associations. In this sense, it would al'so
be useful to join and coordinate efforts that are being made by
several ITUGS commissions and groups on specific aspects that
may be directly or indirectly related to geoconservation, such as
the TecTask Commission on Tectonics and Structural Geology
(to which the authors of this paper belong), the Geoheritage Task
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Group (GTG), the Commission on Geoscience Education,
Training and Technology Transfer (COGE) and the Initiative on
Forensic Geology (IFG).

e (Geoscience teachers and supervisors should advise their students
of the existing codes and have a general responsibility to teach
their students the aesthetic and scientific value of exceptional
outcrops, and responsible sampling techniques.

e |tisimportant to promotethe principles of geoconservation among
landholders, authorities and managers of entitiesin charge of the
protected sites and responsible for the permits. However, we
cannot delegate all responsibility to land managers who are often
not acquainted with the importance of these outcrops, and can
hardly discriminate between common and exceptional rocky
outcrops. Geoconservation will only be achieved through
effectively coordinated links between responsiblefield geol ogists
and ingtitutions.

e The promotional activities through information technologies
referred to in a previous section, could be complemented with a
warning message referred to rock sampling and other geoethical
indications.

Wetrust that these actionswill help to improve geological sciences
in all their aspects, and will enhance conservation of important
geological features (regardless if they are in protected areas or not)
for future generations to learn and enjoy.
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