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PREFACE

The promotion of sustainable life involves respect and ethics for the Earth. Building sustainable
societies requires responsibility in intervening in natural processes, building geoethics values
and establishing a cultural and social awareness of citizens and science.

As we enter the second decade of the 21st century, the presentation of a book that brings
forward experiences about education and teaching in the context of geoethics, in topics aligned
with educational curricula themes (such as, for example, the role and ethical responsibility of
society; geoethics in the context of geoheritage, the management of georesources, the
increasing urbanization, georisks), represents a new paradigm in the debates involving the
global environmental issues.

Inthe late 20thc ent ur vy, Donal d Wor st er ,Natureis etcohomy: Al8s®y 6 s b ook ¢
of ecological ideas, pointed out that the explosion of the first atomic bomb as a test in the desert

of New Mexico, USA, and two months later, the reality of the explosion of the atomic bombs in

Hiroshima and Nagasaki, marked the moment when humanity became aware of the possibility

of the complete destruction of the planet Earth.

The scenario emerging global debates, since the late 1960s, showed that among the priorities
for the 21st century, the major global environmental problems should be referring to ethical
issues.

The exploitation and excessive use of the Earth system's georesources, which long ago
extrapolated the planet's support capacity, involve not only the finite character of these
resources, but the processes in an unsustainable production chain.

In Rio de Janeiro, in August 2000, the International Geological Congress put in its agenda the
t heme AGeol ogy and Sustainabl e Devel opment : Chall
highlighting new roles and approaches of Geology in the 21st century.

Although concerns about human interference in the processes of terrestrial dynamics are recent

in the political and environmental governance global scenarios, ethics in relation to the Earth is

not recent, and may date back centuries before, when Antonio Stoppani (1824-1891) pointed

out the fAgeol ogical force " of humanity in the inte
the modern concept of the Anthropocene.

The beginning of the first decade of the 21st century demonstrated that the proposed ethics in
relation to the planet should assume new priorities, which involve reflecting new values,
behaviors and attitudes, pointed out by the International Association for Promoting Geoethics -
IAPG.

In this book, geoethics themes are developed by researchers from different countries,
cooperating to present a synthesis that is committed to the ethical, social, and cultural
discussions on education, research and practice in geosciences. The role and social
responsibility of geoscientists in the context of global debates on development and sustainability
permeate the necessity to include training in geoethics within Higher education curricula.

By Dr. Rosely Aparecida Liguori Imbernon
Associated Professor of School of Arts Science and Humanities EACH
Uni ver si PayloiodSP S« o
Coordinator of Brazilian Geoethics Commission - Brazilian Geological Society - SBG



INTRODUCTION

Ethics is deemed an integral part of scientific research. In this sense, scientific training should
be committed to fostering the awareness of ethical challenges and the importance of developing
skills in dealing with these kinds of issues. The same idea is acknowledged in relation to
promoting the science-society dialogue and the relevance to training, in the diverse areas of
science, of developing abilities in this regard. The claims are particularly relevant at present, as
new developments in science and technology deal with concepts and possibilities at the
forefront of our concerns: from the life sciences, where the even the very notion of humanness
is at stake, to the geosciences, where providing conditions for the operational sustainability of
the earth system is broadly understood as imperative. The emergence of geoethics as a
research and reflection field and the efforts in raising the awareness of the ethical aspects of the
interaction of human activities with the Earth system are related to this concern; we can see the
founding of the International Association for Promoting Geoethics in 2012 as a mark of the
institutionalization of the field. Most of current advances in science somehow evoke the
involvement of all of us citizens, our engagement to debate and take part in decision making
processes. Moreover, most of the contemporary societal challenges entail contributions from
different scientific areas and require multidisciplinary teams, including the social sciences and
the humanities. Exploring this kind of collaboration seems also crucial as part of scientific
training.

Ethics and the science-society dialogue are thus key and, in fact, interconnected aspects of the
scientific practice. In the last decades, the relevance of this became well-present in the domain
of science policy. In the European context, the program Ethical Legal and Social Aspects
(ELSA) of science that emerged in the 1990s (Forsberg, 2015; Zwart & Nelis, 2009), and more
recently the idea/practice of Responsible Research and Innovation (RRI), part of Horizon 2020
(European Commissiond Directorate-General for Research and Innovation, 2013), are
illustrative examples.

We might then ponder how does this articulate with the concept of value-free science, the idea
that science in order to be objective must be free of the influence of any aspects other than the
purely epistemic. As it has been noted (Jorge, 2014), this idea and the value-laden thesis might
lead to a sensation of ethical completeness when doing science and to some difficulty in
accepting the interpellation by society.

For better contextualization, let us look at the evolution of scientific knowledge production, of the
relation science and society as well as of ways of addressing societal challenges. Analysing
long-term developments of knowledge production in science, the scholar in science, technology
and society studies Rip identifies the increasing importance of protected spaces (2018); these
protected spaces, have material, socio-cultural and institutional aspects, became a functional
requirement for doing science, have the effect reducing interference and variety and mean that
productivity of scientific knowledge production is somehow based on exclusion. The opening up
of institutionalized knowledge production and recontextualization of science in society has
occurred in a variety of ways, from the last decades of the 20th century (Rip, 2018).

An extended responsibility of the scientists became clear in the wake of World War 1l. And
adding to the institutionalization of knowledge production, the institutionalization of ethics
emerged. The Nuremberg Code, followingtheso-c al | ed Doct or sd& Tr)jtleh
in 1964 the Helsinki Declaration adopted by the 18" General Assembly of the World Medical
Association (WMA) and last amended in 2013 (WMA, 2013 [1964]), and more recently, in 2005,
the Universal Declaration on Bioethics and Human Rights (UNESCO, 2005) are key regulatory
documents which apply to research in the life and health sciences. The creation of ethics
committees or institutional review boards is rooted in those guiding principles.

The existence of ethical constraint in scientific practice is well-acknowledged (Jorge, 2014). This
is not a specific feature of research involving human participants, nor of animal welfare with
regards to scientific experimentation. The biosciences provide other illustrative examples. Back
in 1975, the Asilomar conference on recombinant DNA molecules (Berg, Baltimore, Brenner,
Roblin Ill, & Singer, 1975; Berg & Singer, 1995) dealt with this. The aim of this conference,
organized by a group of leading molecular biologists, was to assess the potential biohazards of
the new technology and to establish guidelines to govern research the field. The meeting
included not only experts in molecular biology but also other participants such as lawyers and
members of the press. As noted by historian of biology and bioscience ethics expert Hurlbut, the

(see

Sh



meeting is rememberedasfia hi st ori cal event that est ab-l
regulation in an unknown and((201i% p.el86). iAlthbubhylated
criticized by not including the public, Asilomar is a precedent for the governance of emerging
technologies.

Back to the aforementioned idea of RRI, it is time now to emphasize its ethics component i
ethics as integral part of research, present throughout the whole process, from beginning to
end, and as the means of achieving research excellence, in all areas of research and
innovation, whether involving human beings, other living beings or the Earth system. The future
of RRI as a practice implying all societal actors during the whole process of research and
innovation has provided numerous discussions so far. Rip (2018), for instance, notes that even
if the term might change, something will remain as the approach provides a social license to
operate.

Our focus here is scientific training and how to address ethics in this context. This eBook well
illustrates the present efforts in building a socially responsible and ethically committed future
geoscientific community. The contributions offer a comprehensive approach to the teaching of
geoethics: from designing the syllabus, to the theoretical framework underlying the developed
materials, to issues of geoscience communication, to the analysis of specific cases within the
diverse domains of the geosciences, and foremost to the materials provided. In a time of climate
change, of geo-environmental issues and of global health threats, providing the kind of
education that will enable a shift towards a more sustainable, healthier and equitable society is
now, more than ever before, important. As noted by biophysicist Quintanilha, back in 1988:
Al wle cannot abdicate our mor al and soci al
integral component of education of man at all levels. We need to know what science can or
cannot d(@uirtanilha, 1988pp. 151). Ethics (and geoethics) are part of this.

Maria Strecht Almeida
Instituto de Ci°ncias Bi om®di cas
PORTUGAL
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CHAPTER 1. GEOETHICS SYLLABUS AND EDUCATIONAL
RESOURCES FOR HIGHER EDUCATION

SUMMARY

Geoethics is an emerging field in geosciences whose aims is the research and reflection on
those values which underpin appropriate behaviours and practices, wherever human activities
interact with the Earth system. The GOAL Erasmus+ project (2017-1-PTO1-KA203-035790) has
been specifically focused to teach and promote geoethics. To do so, GOAL aimed at developing
a geoethics syllabus, to offer a framework in addressing geoethical concerns, and to provide
educational resources that can be used in Higher education to create awareness on the ethical
and social implications of geosciences knowledge, education, research, practice, and
communication. It focused on enhancing the quality and relevance of students' knowledge, skills
and competencies. The project followed a contextualized approach in education supported by
the case-based methodology and diverse strategies to elaborate teaching and learning
resources. The creation of an international team network and subsequently the syllabus and
educational case-studies intended to develop operational capacities to enforce the conceptual
substratum of geoethics and to bring added values at a EU level to a specific target group of
Higher education. To this aim, the research team, which integrated geoscientists and social
scientists, developed various educational resources to assist the implementation of the syllabus
in every country. Therefore, all educational materials are provided in English and videos and
links are specially prepared to be understandable for Higher education students. The syllabus
incorporates the following themes: Theoretical Aspects of Geoethics (foundations, definition,
meaning and values); Geoethics and Georisks; Geoethics and Geoheritage; Geoethics in
Mining; Geoethics in Water Management, and Geoethics in Education. Being the first
international project funded on geoethics, its outputs are expected to be a step forward in the
field and to promote new insights. Results achieved in the GOAL project will allow to
international partners, as well as the geoscientific community, to set additional perspectives and
seek new horizons in the field of teaching geoethics.

1 INTRODUCTION

The United Nations presented the new Agenda 2030 for Sustainable Development Goals
(SDGs) in September 2015 (UN, 2015a, b). Given the importance of citizens' awareness in
achieving the targets of the Agenda, particular attention has been given to education to achieve
its goals. In particular, a key challenge was connecting the scientific comprehension and
familiarity of the SDGs with the educational learning process. Part of this learning process is
about recognising that geosciences knowledge understanding influences the economic growth
and development of each country and thereby its cultural framework (Vasconcelos et al., 2016).
Equally, human activities increasingly interact with, and irrevocably modify, the Earth system,
this implies the importance to study natural phenomena and dynamics as an integrated
planetary system, in which human activities strongly influence this system (Angus, 2016). This
has lead the geoscientific community to debate about the concept of Anthropocene, in order to
understand if effects of human activities can be recognized and remain in the geological records
for million of years, so that a new geologic epoch may be formalized. In any case, apart from
the scientific discussion it is emerged the need for society to define a wiser, responsible, and
sustainable way to assure life on Earth (Peppoloni et al., 2019; Vasconcelos et al., 2020).
Human activities are underpinned world views, belief systems and values that are culturally
defined, and which set the limits of geoscientific behaviours and practices. According to the
International As soci ation f or Pr omoGeoethigs cahsistseot réseacch and
reflection on the values which underpin appropriate behaviours and practices, wherever human
activities interact with the Earth system. Geoethics deals with the ethical, social and cultural
implications of geoscience education, research and practice, and with the social role and
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responsibility of geoscientists in conducting their activities.0 Geoet hi cs' -defng
behaviours, to increase human awareness for alternative ways of living or even to redirect
economic models of growth and development (Peppoloni & Di Capua, 2016). Therefore,
geoethics proposes a theoretical framework, approaches, and behaviours to contribute in
achieving the SDGs. Nevertheless, geoethics is still an emerging field in geosciences
(Bobrowsky et al., 2017) and demonstrating its value and utility in sustainability science still
requires more concerted interdisciplinary and multidisciplinary efforts. According to Stewart
(2016), it is clear that geoscientists need to cooperate with other scientific disciplines such as
biology, zoology, ecology, agronomy and environmental sciences. This means that to fully
appreciate the complexity of contemporary human-environment relationships, we must also
draw from the social sciences (Bohle, 2019). After all many of the societal issues relating to the
planet are not only concerned with the scientific understanding but ‘... are about moral and
aesthetic choices. They are about equity and ethics' (Oreskes, 2004, p.381). Geoethics spans a
continuum of concerns, from establishing clear and transparent professional codes of practice
to global legal frameworks and governance around global environmental problems. Recognising
this breadth of concerns, the international partnership of the GOAL project explored the
potential to teach and educate to geoethics through innovative and creative approaches. To this
aim project members from different countries brought expertise in overlapping interdisciplinary
areas and discussed about ways and tools on how to educate to geoethics in more effective
ways. Specifically, the project integrated researchers and practitioners with expertise and skills
in theoretical aspects of geoethics, geosciences education, geoheritage, georisks,
environmental sciences, and ICT for educational purposes. Results achieved in the GOAL
project will allow to international partners, as well as the geoscientific community, to set
additional perspectives and seek new horizons in the field of teaching geoethics.

2 THE OUTPUTS OF THE GOAL PROJECT

A globalized world asks for renewed sustainable development goals in terms of environmental,
economic and social targets. This reiterates the relevance of geoethics since the latter
highlights and discusses the value and the societal utility of concept like sustainability,
adaptation, prevention, and education (Peppoloni et al., 2019). As stated by many researchers,
numerous societal issues concerning the planet are not related to their scientific understanding
but rather to ethical dilemmas (Marone & Peppoloni, 2017).

The GOAL project was an international partnership that leveraged synergies to achieve its main
aim: to develop a transnational syllabus and corresponding educational resources, directed at
the awareness and learning of geoethics in Higher education. The syllabus had to enhance
students' knowledge, skills and competencies and had to be suitable for application in
universities and other Higher educational establishments.

Apart from the syllabus, the Lithuanian team developed an online platform that was used by an
international network formed by 24 researchers, from Portugal (coordinator country), ltaly,
Spain, Austria, Lithuania and Israel. The operational capabilities of this network, that connects
knowledge from overlapping areas, such as georisks, geosciences education, environmental
sciences, geoparks, geo- and palaeontological heritage, and informatics in education will benefit
both the conceptual development and the overall framework of geoethics at EU level and in
relation to a specific target group of Higher education.

The final aim of the GOAL project has been to create an eBook useful to learn main concepts of
geoethics and some good practices in geosciences areas by following a geoethical approach.
The eBook will help students and early-stage professional geoscientists to address ethical and
social challenges in their profession.

13

hel

P

t

(0]



Chapter 1. Geoethics syllabus and educational resources for Higher education

2.1 The syllabus

The urgent need to create a geoethics syllabus for the formal Higher education curriculum
emerges when considering the |l ack of s tryufidiek
The integration of geoethics values, methods and applications as an integral part of the
educational training will allow geoscientists i) to become more aware of their social role and
scientifical and technical capability to intervene in the Earth system processes in a more
responsible way, ii) to respect life on the planet in all its forms, and iii) to better serve society,
looking at its safety and health (Bobrowsky et al., 2017). Moreover, knowing and applying
geoethical values will imply practicing geosciences as an effort to accomplish the universal
goals of the Education for Sustainable Development and to fully understand that careless
actions by humans, interacting with the Earth system, can lead to irreversible consequences
and threaten the survival of human life and many other species on the planet. An in-depth
training in geoethics will help young and early career geoscientists to search for acceptable and
responsible solutions in their geosciences activities and to understand the importance of
accurately informing society about negative and positive repercussions of any possible
intervention on natural environments (Bobrowsky et al., 2017). Communicating geosciences
knowledge using appropriate language and methods is an important geoethical value, useful to
make citizens capable of actively contributing to improve the quality and sustainability of human
life on Earth.

The syl l abusé structure was el aborated af
consultation of diverse international syllabi. This structure defines the rational, implementation,
aim, objectives, skills, methodology and strategies, content, evaluation and references of each
topic considered. Each topic is analysed within a curricular unit (see appendix 1). The topics

were defined according to each team member séb

issues, and dilemmas. They range in different aspects of interest for geoethics and highlights
the ethical issues involved in human beings-Earth system interaction. Tables 1, 2, 3 and 4
present the topics explored in the GOAL syllabus by the different team members.

Table 1: Topics of the GOAL syllabus developed by the Italian team.

Geoethics: foundations, definition, meaning and Geoethics and

values Georisks

4 Three f dostdrt ment s a Definition
- The origins of the geoethical thinking.
- From ethics to geoethics. a Risk percep

- The meaning of geoethics.
a The accepta
d& The concept of responsi'l risk.
individual duties.
a Fundamental elements
d& The four geoethical- domg in risk studies.
personal/professional, society, Earth system.

a Risk manage

d The ethical reference s\ (preparedness, response,
recovery, mitigation) and
d I ntell ect uarequisite fergpmaiaing a the concept of resilience.
geoethics.
a& Building a
8 Geoethical wvalues: et hi ¢ strategy: key-points and
social values. values.

a4 Codes of ethics and trai
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a4 Ge o edpplied togeosciences: knowledge and a

skills of geoscientists, and themes of geoethics.

4 The four main

dependent in space and time.

4 Key geoethics
adaptation, education.

d The Cape Town

a4 The Geoet hi cal

f e a t-aemtrie,s
virtue ethics, geoscience knowledge based, context-

concepts:

St at ement

Pr o mi

C u tbasadror facing
the emergency and
culture centred on
prevention.

d Roles and r
of actors involved in the
risk decision chain.

scCi
ma n

a Citizen
georiskséo

S €

As founding members of the IAPG T International Association for Promoting Geoethics, the
Italian team leaders developed the conceptual framework of geoethics (see Chapter 4 on
Theoretical Aspects of Geoethics) that served as the foundation for the elaboration of the other
syllabus topics and the educational resources. Since, they were also researchers in the Istituto
Nazionale di Geofisica e Vulcanologia (Italy), they also had skills to explore the topic of
geoethics in georisks management (see Chapter 8 on Geoethics and Georisks).

Table 2: Topics of GOAL syllabus developed by the Portuguese and Spanish teams.

Geoethics and Geoheritage

a Definition of geoheritage and its
different types of values.

a Natural and human-made threats
to geoheritage.

a8 Fundamental elements in
geoheritage management.

a Relation between geoheritage,
public policies, and society.

a Importance of transnational
regulations to guarantee the
conservation of geoheritage.

& Influence of cultural and social
setting on the restrictions related
with collecting natural specimens.

a Best practices to avoid the over-
artificialization of natural
environments related with
geoconservation actions.

& Compatibility between
geoconservation and other types of
land-use management.

Geoethics and Mining

a Complexity in gladg
markets of mineral resources.

a Environmental | usg
mining.

ad I nvol vement of al

mining projects.

& Public awareness
importance of mineral resources for
society.

a The r el ewviafornced of
citizens in the responsibility of the
decision-making process.

a4 Responsi bl e sci
communication to promote clarity
and transparency in dissemination.

en

a4 Regul ation and st
operation procedures internationally

recognized in mining.

a White
Mining.

Paper on Re

15



Chapter 1. Geoethics syllabus and educational resources for Higher education

Being two teams with members with different academic background, particularly in teaching and
research in different geological areas, the Portuguese and Spanish teams devoted their efforts
to bringing new ideas in exploring geoethics in geological and palaeontological heritage and in
mining (see Chapter 5 on Geoethics and Geoheritage and Chapter 6 on Geoethics and
Georesources).

Table 3: Topics of GOAL syllabus developed by the Austrian team.

Geoethics and Water Management

8 Human right to water and the United Nat
SDGs).

& Environmental justice related to water.
& I mplications of climate change on water
8 Competing interests of differlamusest akeHh
management.

d Coherent environment al policies as essé¢g
with water.

d& Transnational i mpdnirastadturepnojectsof | ar ge wa't
ad Specificities related with groundwater
a P e r dailybahlviours and the influence on water consumption.

Focused in water management, and being experts in this area, the Austrian team presented
some relevant aspects to explore geoethical dilemmas related to water and aligned it with
United Nations Sustainable Development Goals (UN SDGSs) (see Chapter 7 on Geoethics and
Water Management).

Table 4: Topics of GOAL syllabus developed by the Israeli team.

Geoethics in Education

a Educating students to become geoethically responsible citizens.
a Outdoor experiences as an important source to develop geoethical awareness.

a Responsibility to include geoethics concepts, values and principles in Higher
educational courses.

a Geoethics as an integral part of the professional training of gescientists.

The Israeli team integrated mainly Geosciences Educators from a Teaching Department and
focused their work in presenting ways of implementing geoethical dilemmas in Higher education
classes, enhancing the main importance of teaching geoethical principles and values (see
Chapter 9 on Geoethics in Field-Trips).

All work undertaken to elaborate the different topics of the syllabus was conducted in such a
way to allow the sharing of good practices among all team members. The different academic
background of GOAL members, which ranged from geosciences to social sciences, allowed to
establish intellectual synergies to contribute to a wider approach to geoethical issues.
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2.2 The educational resources

Built upon a social constructivist approach and a case-based methodology, the GOAL
educational resources bring to Higher education classes geoethical thinking, issues, and
dilemmas. Written in English and provided with references that can be consulted by any
student, early career scientist, and geosciences educator, the educational resources titles are

presented in Table 5.

Table 5: Title of the educational resources and inherent syllabus topic.

Title of the educational resource

Syllabus topic

Introduction to geoethics: definition, concepts, and
application.

Geoethics and geological risks.

A geoethical conflictin i L H u e c fossil site.

Good practices in the promotion of geoethical values in

a UNESCO global geopark.

Can we dare say modern society does not need mineral raw
materials?

Earth system nexus human interaction: a geoethical
perspective.

Geoethical aspects of hydropower plants.

Water i a geoethical perspective on one of humanities
most valuable resource.

Geoethics in education: from theory to practice

Geoethics: Foundations,
Definition, Meaning and
Values

Geoethics and Georisks

Geoethics and Geoheritage

Geoethics and Geoheritage

Geoethics and Mining

Geoethics and Geoheritage
Geoethics and Water
Management

Geoethics and Water
Management

Geoethics and Water
Management

Geoethics and Education

These educational resources are related to the topics of the geoethics syllabus and were
specifically developed to help professors and educators to start using the syllabus by including
modules in their courses. All educational resources benefitted from the technical support of the
Lithuanian team that made the editing of the video pills and took all the photos during project
activities.

In a Social Constructivism-based educational approach, evaluation must be regarded as a way
to assess students learning achievements so as to scaffold their learning process and allow
them to overcome their biggest difficulties in engaging with the teaching methodologies and
subject contents. It also gives professors a feedback of the strategies they are using to guide
students in their problem-based or case-based learning. As such, the presentation of geoethics
cases and its exploration in terms of values and principles that can be discussed and
highlighted is the addressed proposal to evaluate students after exploring the educational
resources.
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https://goal-erasmus.eu/wp-content/uploads/2020/02/Introduction_Geoethics.pdf
https://goal-erasmus.eu/wp-content/uploads/2020/02/Introduction_Geoethics.pdf
https://goal-erasmus.eu/wp-content/uploads/2020/02/Geoethics__Georisks.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/08/GOAL-Educational-Resource-Geoheritage1.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/12/Good-practices-in-the-promotion-of-geoethical-values-in-a-UNESCO-Global-Geopark1.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/12/Good-practices-in-the-promotion-of-geoethical-values-in-a-UNESCO-Global-Geopark1.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/10/CLARA_TIAGO_LIMA_GOAL_CASE.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/10/CLARA_TIAGO_LIMA_GOAL_CASE.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/08/GOAL_Earth-system-nexus-human-interaction_a-Geoethical-perspective2.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/08/GOAL_Earth-system-nexus-human-interaction_a-Geoethical-perspective2.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/11/GOAL_ER_AT_hydropower.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/12/Water-a-geoethical-perspective-on-one-of-humanities-most-valuable-resource.pdf
https://goal-erasmus.eu/wp-content/uploads/2019/12/Water-a-geoethical-perspective-on-one-of-humanities-most-valuable-resource.pdf
https://goal-erasmus.eu/wp-content/uploads/2020/03/GOAL_ER.zip
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3 CONCLUSIONS

The GOAL project contributes to an increased capacity of participants to design a syllabus and
organize interdisciplinary educational activities related to teaching geoethics. It also provides

ways to incorporate geoet hi c al thinking into regular curricular

contributing to the creation of specific curricular units in Higher education. It promotes the
enrichment of the specific disciplinarily knowledge with geoethical issues for of all the partner
organizations. The GOAL project was developed to support innovation and creativity through
inter- and transdisciplinary approaches. Results achieved go beyond the project partners and
through the release of a dedicated eBook in the GOAL website (https://goal-erasmus.eu/) aim to
reach the geosciences community worldwide. This will be also possible due to the fact that
project partners have large network of contacts, at national and international scale, so being
capable to easily reach potential interested researchers, professors, and educators of many
countries. With other stakeholders of inte
issues and sustainability; ministers; academics; educators; and representatives of student
bodies), it also aspires to provide the base to develop ways for teaching geoethics worldwide.
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CHAPTER 2. THE THEORETICAL FRAMEWORK UNDERPINNING
GEOETHICAL EDUCATIONAL RESOURCES

SUMMARY

Under a macroscopic scale, several learning theories are frequently cited to support educational

curricula or guidelines to improve the educational systems. In the same direction, but on a

microscopic scale, any educational mediation, as the teacher-learner relationship, should not be

led without a prior and reflected analysis of learning theories. The understanding of the major

learning theories is the first level to create a solid educational theoretical framework. The

members of the Geoethics Outcomes and Awareness Learning (GOAL) Project, sensitive to this

belief, developed a theoretical framework based on the social constructivist theory. This theory

supports the teacher's action i as a learning facilitator and scaffolder of this process i and

establishes the active and central learners' role in their educational development, in an intensely

social and environmental immersed context. The GOAL's educational framework guided the

syllabus and educational resources' development. These were designed later to Higher
education courses, namely geosciences®d ones. The |
strategies implemented in GOAL's syllabus and educational resources are framed on an inquiry-

based teaching approach. Regarding the multiplicity of scientific subjects covered in the GOAL

Project T such as sustainable development, georesources exploitation, geoconservation or

georisks, for example i and the inherent geoethical issues, the case-based methodology was

selected and operationalized employing a plurality of teaching strategies. Since geoethics is a

scientific area that mobilizes knowledge from geosciences, economics, philosophy, and

sociology, this multidisciplinary scientific field fits perfectly with the establishment of dilemmas.

Considering the case-based teaching methodology starts from cases, defined as a dilemma

taken from real life and organized in the form of a case, learners are generally requested to

collaborate. Distributed into small groups, the learners can explain their opinions and ideas, and
evaluate each otherds views. During the process, | e
Merging their backgrounds and experiences, learners might arrive at a resolution for the original

dilemma. The case's exploration usually finishes by a plenum debate i which could raise new

dil emma(s) . Subsequentl vy, this teaching met hodol og
communication competences. Generally, the case-based teaching methodology can be

employed to foster higher cognitive level questions, requiring greater knowledge and skills.

Consequently, this methodology is adequate both to the GOAL's scientific content density and

its application in Higher education.

1 INTRODUCTION

iThere is nothing more practical
Kurt Lewis, 1952

The international project Erasmus Plus GOAL i Geoethics Outcomes and Awareness Learning
(https://goal-erasmus.eu) T aims to create a geoethics syllabus and its educational resources
(Vasconcelos et al., 2018) i see chapter 1. In the elaboration of any syllabus (and its
educational resources), there must be a reliable theoretical framework. The development of the
theoretical framework is essential for the successful application of products i both syllabus and
educational resources i, according to the intentionality of why they were created. However, the
supreme intentionality of these products, as almost all educational instruments, is to guarantee
the learning of a certain scientific content. So, the GOAL Project's members considered it
crucial to study the learning theories evolution, to entirely understand the learning process itself.
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According to Schunk (2012), a theory represents a set of scientifically accepted principles that
make it possible to explain a phenomenon or process. The results subsequent from scientific
practice can be organized and systematized according to particular frameworks. Theories
provide a theoretical background for the interpretation of observations i in this context, they
emerge as an interface between research and educational practice. Schunk (2012, p.10) argues

t hat without t he t h e or i dissrganizedh allectiopss af Iddta® W o unlc &

researchers and experts would not have a context for interpreting the data underlying a theory.
Consequently, we can assume that theories establish a direct relationship between scientific
knowledge and practice. In this sense, it is pertinent to know several learning theories in order
to select the one that would bestsat i sfy t he GOAL projectds ai

As the 19" century passed, several psychologists dedicated themselves to the study of human
learning (Moreno, 2010). Simultaneously, several theories emerged trying to explain the
learning process (Moreno, 2010; Schunk, 2012). The first theory developed was behaviorism.
According to this theory, the learning process is observable as a change of behavior or
response, with occurrence frequency, which happens mainly due to environmental factors
(Moreno, 2010; Pritchard, 2017; Schunk, 2012). Burrhus Skinner (19047 1990) is one of the
main authors related to this theory. According to this author, the learning corresponds to a
constant change in an observable behavior. This change occurs as a result of an individual's
interaction with the environment. In this theory, the external factor acquires high importance in
the learning process, with the individual idiosyncrasies, beliefs, and previous experiences being
ignored (Moreno, 2010; Schunk, 2012). Behaviorism had a dominant force in psychology in the
first half of the 20" century, and the majority of the older theories of learning are behavioral
(Pritchard, 2017; Schunk, 2012).

Conversely, cognitivism also emerged. According to this theory, the learning process
corresponds to the acquisition of knowledge and skills, through the formation of mental
struct ur e sits consauttien, pcquisifion, organization, coding, rehearsal, storage in
memory, and retrieval or nonretrieval from memoryd ( Sc hunk, 2012, p.
result from information processing with the individual's beliefs and experiences (Moreno, 2010;
Pritchard, 2017; Schunk, 2012). From a cognitive perspective, the learning is characterized as
an internal mental process, in which a relatively enduring change in mental structures occurs as
a result of an individualdéds interaction wi
Jerome Bruner (1915i 2016) is one of the main authors related to this theory. Another theory
entitled social cognitive theory appears in the literature, associated with the author Albert
Bandura (1925i). According to this theory, the learning process also results from the
observation of other individuals or their behavior consequences. This theory defends that
learning occurs even when there is no direct interaction with the environment (Moreno, 2010;
Schunk, 2012). In this theory, the term "social learning" appears. Social learning, according to
Bandura (2000), occurs when the individuals learn from observing the behavior of others or
from seeing the environmental outcomes of the behavior of others. Because social learning
happens from others preferably than from direct experience, it is also named indirect learning or
observational learning.

In the latter 20" century, constructivist learning theories finally appear. At the core of these
theories is the notion that learners actively build their knowledge, through their personal
experiences with other individuals and with the environment (Pritchard, 2017; Simpson, 2002;
Schunk, 2012). In the literature, two types of constructivism are raised: individual and social.
Individual constructivism is mainly related to Jean Piaget (18961 1980). According to this
learning theory, individuals have a natural tendency to search for understanding as they interact
with the environment. Social interactions are not heavily emphasized.

The social constructivism is largely based on the work of Lev Vygotsky (18961 1934). The
divergence between these two constructivist theories remains in the fact that social
constructivism theory emphasized the social domain, having a significant and essential impact
on the learning process (Adams, 2006; Pritchard, 2017; Schunk, 2012). The social constructivist
theory will be discussed more prominently in the next section. Due to the characteristics and
scientific content addressed by the GOAL Project, it will follow the social constructivist theory of
learning. In this sense, given the modern society's educational demands and the international
guidelines, the GOAL's educational resources will be developed following the inquiry-based
teaching methodologies i which will also be discussed in the next section.
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Chapter 2. The theorethical framework underpining geoethical educational resources

2 GOALOGS THEORRAMEWARK: FROM EDUCATIONAL
THEORY TO GEOETHICS TEACHING AND LEARNING

As mentioned previously, Vygots k y 6 s  sohia constructiyism) places more importance on
the social environment as a facilitator of development and learning (Adams, 2006; Tudge &
Scrimsher, 2003). In this theory, the interactions between interpersonal (social), cultural,
historical, and individual factors are pivotal elements of human development (Pritchard, 2017;
Tudge & Scrimsher, 2003). The interactions with other individuals and the environment improve
the development process and promote cognitive growth, performing a significant function in the

|l earning process. I n the Vygotskyds theory, the | es
(Figure 1): i) internalization; ii) mediation; iii) inner speech; iv) Zone of Proximal Development
(ZPD) (Moreno, 2010).
' ) ~
L. D NT
- } * The cognitive
* The phenomenon level at ?Nhich the
N g?dgé?vg:t loud learner is able to
. = solve problems,
ON C\QVF',":Q: ier?\';?dual learner's private with thpe teacher's
INTE ON speech. isi i
; (teacher, expert or SUPSIVISIGN.OF 1N
* The appropriation peer) interprets a collaboration with
Dy (e leamers ot learner’'s behavior more capable
the language and holbin hifh J peers.
culture of a ping him/her to
community. modify that
behavior into a
representation with
identical meaning
to that of the other
individuals, like the
teacher, expert or
peer.
Figure 1. The learning processof Vy g o t s k y ésecialtcdmstractivism)(
A fundamental concept in Vygotsky's theory is the zone of proximal development (ZPD). The
ZPD (Figure 2) i s defined, by \the glistansek yetweenl ther 8cjual a s f
developmental level as determined by independent problem solving and the level of potential
development as determined through problem solving under adult guidance or in collaboration
with more capable peers6 ( p. 86) . So, the ZPD represmgondes an i ndi
certain and appropriate educational conditions (Adams, 2006; Pritchard, 2017; Puntambekar &
H¢bscher, 2005) . Through the ZDP, the teacher (or
collaborate on a task that the learner could not accomplish independently i due to the difficulty
level of the task. Learning is then a collective process. In this process, individuals with more
knowledge or skills (experts or peers) share them to achieve a task with the individuals
(learners), who exhibit a lower level of knowledge or skills (Bruner, 1984) i scaffolding. This
concept is defined as the process of tasksé control
l evel of the |l earning (Puntambekar & H¢bscher, 200¢C

scaffolding process has five main functions, as stated by Schunk (2012, p. 2 4 6 providéi
support, function as a tool, extend the range of the learner, permit the attainment of tasks not
otherwise possible, and use selectively only as neededo .
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Behind the Zone of Potential Development
(ZPD):

Unlearned tasks: what the learner cannot
complete, even with the support of more capable
individuals. The tasks can be too difficult, leading
to learners' frustration.

Teachers
(or experts and peers)

)
oS

Learners’ inner

speech
soa
D

(assisted learning)

Zone of Potential Development (ZPD):

Unlearned tasks at the boundary of learners’ skills
and knowledge: what the learners can accomplish
with the support of more capable individuals. The
tasks are appropriated, being a challenge to
learners.

Interactions

(Scaffolding)

Present Development Zone:

Learned tasks: what the learner can successfully
achieve without support. The tasks can be too
easy, guiding the learners into boredom.

Figure 2. The Zone of Proximal Development

Another term linked to social constructivismt heory is fAreciprocal teachingo.
an interactive dialogue between a teacher (or experts and peers) and a small group of learners.

Reciprocal teaching comprises social interaction and scaffolding as learners gradually develop

skills. This aims to promote understanding through summarizing, generating questions,

clarifying, and predicting. Firstly, the teacher (or experts and peers) guides the groups by, for

example, summarizing the content of the text, proposing questions about the main ideas of the

educational resources and tools, clarifying particularly difficult portions of the text, and predicting

possible resolutions for the tasks. Once the entire method is understood by the learners, the

teacher gradually turns the responsibility of foll
responsibility is to scaffold learners with suggestions and feedback during the process (Brill,

Galloway, & Kim, 2001). The teacher (or experts and peers) resumes to reduce his/her

involvement with the group and eventually intervenes only to tutor the learning process. The

teacher-learner relationship following an inquiry-based teaching methodology is similar to the

relationship previously explained. In Vygotsky's theory, there is another relevant notion i i s € | f

regul ationo. This involves the coordination of me n
synthesizing, and forming concepts, in order to be able to control every learning aspect, from

planning to evaluating performance afterward (Moreno, 2010; Schunk, 2012). One of the ways

to bring social constructivismt o t he geosciences6 classroom, can be
the inquiry-based learning methodology.

The inquiry-based learning methodology's main goals are: i) to have learners understanding; ii)

to infer general principles or theories; iii) to apply them to new situations. In the classroom, the

inquiry-based learning starts from a disturbing question or problem directed to learners. Then,

they have to formulate hypotheses, collect data to test their hypotheses, draw conclusions from

their tests, and reflect on the original question and their thinking process. The responsibility of

the teacher (or e x per tskihg andsto mamitorgtheiledraing lpregressn er s 6 t hi
(Moreno, 2010). Although, there is a propensity to interpret inquiry-based learning as a new and

innovative methodology or a recently invented approach to science education, this has been

part of the educational framework since at least the middle of the 19" century. The ideas

underlying the inquiry-based learning are coined to John Dewey (18591 1952). He was the first

educational psychologist to introduce them as a method in which teachers ask students to
answer a thought-pr ovoki ng question or p rHow Wwesthinkd i (1 %1 G) b ook
(Lashley, Matczynski & Rowley, 2002).
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Nevertheless, learning is an idiosyncratic process and a natural process i it is an instinct

(Orion, 2017). As an instinct, the urge to learn is triggered by a stimulus or need. The initial

learning' stimuli are emotional' ones 1 for example, interest, curiosity or relevancy.

Consequently, according to Orion (2017), every teaching process should begin with establishing

|l earning environment and sequence that wil!/ stimul e
ignite the learning instinct.

2.1 GOAL® educational methodology: the geoethical dilemmas
underpinning by the case-based teaching

Case-Bases Teaching (CBT) is a methodology grounded on inquiry-based teaching and relies
on the potentialities of reflection, critical-thinking, group discussion, opinion-forming and
argumentation. The context is what makes CBT unique and a methodology able to form active
citizens (Darling-Hammond & Hammerness, 2002). Analyzing specific cases, learners develop
the capacity of recognizing patterns and improve problem-solving skill though several real
scenarios. These later should be based on data from scientific research and studies (Anderson
& Schiano, 2014; Moreno, 2010; Vasconcelos & Faria, 2017).

It all began in 1870, on Harvard University (USA). Professor Christopher Langdell (18261 1906)
used it on laws classes. This new methodology raised interest but only 50 years later was
applied to business cour ses. A program dedicated
disciplines was one of the boosters of CBT. In 1985, also in the Harvard University, the Medical
School began to employ this methodology to teach students how to diagnose patients. The

devel opment of the ANew Pathwayo curriculum is cons
and students began to gain an active role on their own learning process (Garvin, 2003). A good
exampl e, known by the majority, is the TV show ADr

students through real cases for diagnostic and treatment practice. From Harvard, CBT spread

all over the world. In science education there are some reports of the firsts CBT uses in the

19406s (McNaught, Lau, Lam, Hu i & . Au, 2005) . It i s
cl asses, even though it showed proof oeorydon hanci ng
practice transposition. It happens because the context given by the cases work like mental

anchors making it easier for learners to relate and apply previous concepts (Anderson &

Schiano, 2014; Garvin, 2003; McNaught et al., 2005).

Under the social constructivist theory of learning, CBT requires an environment rich in social
interactions. This way, group work is a key for the success of the intervention. Social
constructivism relies on collaborative work and group discussion, which is adequate to the
reflection about scientific and ethical problems (Brady, 2020; Keffer, 2003; Garvin, 2003;
McNaught et al., 2005). Thus, students learn not only from the teacher but also with their
colleagues, maximizing the completeness of the learning process. Besides, they develop
interpersonal skills that are valuable for their future (Garvin, 2003; Moreno, 2010).

The CBT uses the Socratic methodology, in a way that questions and answers are the usual

process to analyze, refl ect a nidns @mrdbrsoh & Schidme, casesd
2014; Garvin 2003). Time is an important aspect in science education through the curricula, as

such, this method can be a good criterion to conduct the teaching process. Nevertheless, it is

important that learners be aware thatthe y mu st not be afraid of asking
are important as well, and sometimes concern theoretical basis comprehension problems.

Besides the questions included in the case, space can be given to new questions raised by

learners. Also, there are no wrong answers or perfect solutions (Center for Teaching and

Learning, 1994; Garvin, 2003).

Cases allow teachers (or experts) to verify if learners are capable of transposing concepts that

were studied before into the practice. Theoretical conceptsaret he base for a successf
class. This way, they must not be left aside, and teacher should always assure the concepts

were previously understood by learners (Center for Teaching and Learning, 1994; McNaught et

al., 2005). Aware of this fact, GOAL experts developed a first educational resource,

underpinned on CBT, concerning all theoretical framework needed to understand and practice a

geoethical approach. The knowledge developed through this educational resource will be later

applied to real and practical situations, in eight cases developed on GOAL, where the

theoretical concepts are used to solve ethical problems.
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As cases mostly portrait real situations it is easily understandable that more than one field of
knowledge is required for its resolution. CBT does not consider the boundaries between
different disciplines. It can focus on a specific scientific subject, but more than one field of
knowledge incorporates the learning process (Center for Teaching and Learning, 1994; Yadav,
2007). As such, learners are confronted with a real interdisciplinary task that will require to
comprehend that the reality is complex, and solutions entail several approaches. Being
geoethics an interdisciplinary field of knowledge, it makes it suitable for CBT application. Also,
geoethical problems contain a multitude of natures, which demands concepts from diverse
disciplines.

CBT classes develop through several phases that begin with cases presentation and analysis
and ending with class discussion and practical conclusions and things to improve in the next
class (Figure. 3). This method is attributed to Langdell, the first Professor that developed and
used CBT. After analyzing the case, learners, gathered in small groups (four to six elements),
proceed to brainstorming, discussing and reflecting on the case. The next phase includes the
formalization of learning objectives i these can be defined previously by the teacher and
discussed with the learners on this moment. Then learners must prepare the dissemination of
new findings, including their answer to the proposed questions of the case and following the
procedure described on it. The subsequent mission is to share results with the other groups and
teacher on plenum debate. Finally, and thinking of future CBT classes, learners and teacher
should focus on points to improve based on the present case (Brady, Russo, Dieterich &
Osborne, 2020; Vasconcelos & Faria, 2017). This way, it is possible to trace an evolution during
several CBT classes and even address competencies that were, for some reason, less worked
in the present class.

Identification of points to improve and Case presentation
integration of conclusions into practice
Teacher and learners discuss the

weaknesses of their learning process and

point ways to improve it. Also, practical
applications of conclusions can be identified

Sharing results and conclusion

Groups present their results and

conclusions to peers and teacher, and a

plenum debate takes place.
Branstorming

Dissemination of new findings Groups focus on finding facts on the

Groups prepare their answers on the case to scenario to help solve the questions.
communicate the findings to their colleagues

Teacher introduce the case to all learners,
discussing the aim, scenario, questions
and procedure.

Case analysis by groups

Groups of 4 to 6 learners carefully
analyze the case.

&
Formulation of learning objectives \N2/

Teacher helps learners to understand what is expected
from them through the objectives of the case .

Figure 3. Case-Based Teaching (CBT) methodology model

Another important aspect to clarify is the role of teacher and learners. Being a social
constructivist methodology positioned on inquiry-based teaching, CBT is centered on the
learner and the teacher assumes a facilitator role (Vasconcelos & Faria, 2017). Learners must
have an active and self-regulated role to develop the knowledge, and personal and
interpersonal competencies expected from the application of the case. Moments of analysis,
guestioning, reflection, debate, argumentation and opinion-f or mi ng are essenti al fo
devel opment of knowl edge, competenci esves. hhend accomp
learning-process occurs mostly on a social basis and, sometimes, on an individual sphere.
Teacher promotes interactions between peers, like debates and questioning, guiding learners
through the objectives they are expected to achieve. Also, teacher should guarantee that
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learners are focusing on the right problems and concepts, ensuring the completion of the aim of
the case (Brady, 2020; Moreno, 2010; UNESCO, 2016; Vasconcelos & Faria, 2017).

Moreover, application of CBT on ethical cases, like geoethical ones, centers on the use of
reasoning. Cases have solutions that require complex reasoning from learners, so this cognitive
process has normative guidelines that path the way to good or valuable actions i when ethical
decisions take place (Keffer, 2003; McNaught et al., 2005). CBT, when applied in a proper way,
allows learners to perform intricate and contextualized thinking process, even similar to experts,
which is a valuable aspect concerning the resolution of geoethical problems mostly requiring an
interdisciplinary approach. The probabilities of a successful development of ethical perspective,
and consequent actions, improve if a specific context is given, for example through a dilemma
(Keffer, 2003). Dilemmas are problems with no unique solution. Their solutions are
multidisciplinary and different solutions prioritize different aspects. This way, learners develop
competencies for decision-making, learn how to balance positive and negative impacts and
understand that there are no perfect solutions (Moreno, 2010). Reasoning should be grounded
on rules and principles that guide the actions of society. It is important not to forget that rules
and principles come from generalizations based on previous conflict resolutions. As such, in
some cases studied through CBT, problems can be raised when these generalizations do not fit
the scenario reality or even some rules or principles conflict. Therefore, a balance must be
found, some principles and rules can be prioritized, and alternative solutions can be suggested
focusing on different approaches of the conflict. It is when they are confronted with real life
problems or dilemmas that theoretical concepts are put to the test. Studies show that when
confronted with real cases, people i even experts on philosophical ethics, professional ethics
and philosophers i tend to change their perspective and discourse towards the equivalent
decisions (Keffer, 2003).

Being geoethics a discipline that deals mostly with abstract concepts, a practice application of
these concepts is essential to ensure a good learning and operationalization of geoethical
approaches. The expression of ethical values i like respect, transparency or cooperation i can
be better understood if learners are confronted with situations in which these or other values
may be at risk, when certain decisions are made. The abstract knowledge can be made more
concrete if applied on real challenges society faces. With cases based on research integrity and
professionalism on geosciences practice, geological risks management, georesources
management, geoheritage valorization and conservation, water management and geosciences
education, GOAL Project addresses a broad scope of thematic related to multiple challenges in
geosciences, as well as relevant problematics for the accomplishment of the 2030 Agenda
sustainable development goals.

3 GOALOS EDUCATI ONAL RESOURCES: A WAY TO
GEOETHI CS I NTO GEOSCI ENCES6 CLASSROOMS

Besides the geoethical syllabus i see chapter 1 1, the GOAL Project's members created eleven
geoethical educational resources (https://goal-erasmus.eu/educational-resources/), which can
be employed together or separately. Due to the multiple scientific backgrounds of the GOAL's
members, the educational resources were produced comprising geoethical issues in a wide
range of geosciences' subjects.

To introduce the learners to the fundamental geoethics theoretical aspects, illustrating its main
characteristics, the educational resource e n t i Inttodudtionfio geoethics: definition, concepts,
and applicationd was <created by Silvia Peppoloni a
(Appendix 2 or available here). The same authors to provide an overview of geoethical aspects
and implications in georisk management produced the educational r e s 0 u®eoethicsfiand
geological risks6 ( A p p eon dvailable 3iere) . The geoethical v al
human interaction with the Earth system, through reflection on natural resources exploitation,
geoheritage importance and conservation, and the need for geoscientists to raise public
awareness of their work, was accomplished by the production of the following educational

r e s our ckEash: systemp neXus human interaction: a geoethical perspectived0 by Cr i

Calheiros, Nir Orion and Clara Vasconcelos, from Portuguese and Israeli teams (Appendix 4 or
available here) ; Cian we ddiie say modern society does not need mineral raw materials?0
Clara Vasconcelos, Tiago Ribeiro and Alexandre Lima, from the Portuguese team (Appendix 5
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https://goal-erasmus.eu/wp-content/uploads/2020/02/Introduction_Geoethics.pdf
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or available here) ;  Gobd practies in the promotion of geoethical values in a UNESCO

Global Geopark 6 by J o d$r@n PBriuguesk team (Appendix 6 or available here) ; A v) f
geoet hical conflictoibyfiDanHekecbeMigeeli | Beaeteriz Az
Mel ®ndez, from Spani7son avdilable mere] A p ebethical xaspects of

hydropower plantso by Guenter Langergraber, Seb&9Ci amdHandl ,
Markus Fiebig, from the Austrian team (Appendix 8 or available here) ; Waite): a geoethical

perspective on one of humanities most valuable resourceo by Sebastian Handl ,
Langergraber, Susanne Schneider-Vo C and Mar kamghe Austeah feam, (Appendix 9
or available here).

Finally, to address the scientific subjects referred, by bringing them to the real world, through an
approach supported by field trips, three educational resources were produced by Nir Orion and
Ron Ben-Shalom, from Israeli team (Appendix 10 or available here) : Iniegratidh of geoethical
aspects of georesources within field trips of Earth sciences academic courseso ; Integrationfof

geoethical aspects of georisks within field trips of Earth sciences academic courseso ; i)
fintegration of geoethical aspects of geoheritage within field trips of Earth sciences academic
courseso .

These eleven educational resources are closely related to the five major geoscientific domains
present in the GOAL Project' syllabus, as illustrated in Figure 4.

Educational Resources: Educational Resource:
* ‘“Integration of geoethical aspects of * ‘“Introduction to geoethics: definition, concepts, and application” by
georesources within field trips of Earth sciences / Silvia Peppoloni and Giuseppe Di Capua (from Italian team)
academic courses” by Nir Orion and Ron Ben-
Shalom (from Israeli team) :
Theoretical
* ‘“Integration of geoethical aspects of georisks tg:gg:j Educational Resource:

within field trips of Earth sciences academic
courses” by Nir Orion and Ron Ben-Shalom
(from Israeli team)

* “Geoethics and geological risks” by Silvia
Peppoloni and Giuseppe Di Capua (from Italian

; : ; Geo- team)
“Integration of geoethical aspects of geoheritage sclarices

within field trips of Earth sciences academic education
courses” by Nir Orion and Ron Ben-Shalom
(from Israeli team)

Educational Resources:

* “Good practices in the promotion of geoethical
values in a UNESCO Global Geopark” by José
Brilha (from Portuguese team)

» “A geoethical conflict in “Lo Hueco” fossil site”

Educational Resources:

» “Geoethical aspects of hydropower plants” by
Guenter Langergraber, Sebastian Handl,
Susanne Schneider- Vo and Markus Fiebig
(from Austrian team)

+ “Water: a geoethical perspective on one of

by Daniel DeMiguel, Beatriz Azanza and
Guillermo Meléndez (from Spanish team)

« “Earth system nexus human interaction: a
geoethical perspective” by Cristina Calheiros,
Nir Orion and Clara Vasconcelos (from
Portuguese and Israeli teams)

humanities most valuable resource” by
Sebastian Handl, Guenter Langergraber,

Susanne Schneider-Vo and Markus Fiebig . K
(from Austrian team) Educational Resource:

+ “Can we dare say modemn society does not need mineral raw
materials?" by Clara Vasconcelos, Tiago Ribeiro and Alexandre Lima
(from the Portuguese team)

+ “Earth system nexus human interaction: a
geoethical perspective” by Cristina Calheiros,
Nir Orion and Clara Vasconcelos (from
Portuguese and Israeli teams)

Figure 4. GOAL Pr oj ect 6 sanditedudationatresduccesa i n

These educational resources are vehicles for the geoethics' integration in the Higher education
geosciences' classroom. The GOAL's members expected, with these educational resources, to
enhance geoethics, as a geosciences' discipline.

4 CONCLUSION

As previously discussed, geoethics is a very prolific interdisciplinary field for conceiving
dilemmas that mobilize higher cognitive level knowledge and develop competencies. However,
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its inclusion in science education cannot be carried out in a decontextualized mode or without a
properly defined theoretical framework. As learning is more significant when learners' have a
context in mind, in the case of geoethics it is no different. In this sense, the GOAL Project,
brought together the efforts and approaches of a multidisciplinary and international consortium,
in order to create educational instruments scientifically validated and structured according to the
best educational practices available. With the elaboration of a syllabus and more than a dozen
educational resources, the GOAL Project stands out for its originality in approaching
geosciences education, bringing the social sciences for geosciences practices. The synergy
between the GOAL members' knowledge and its relevance to the education of 21% century
citizens, combined with the challenges that society faces, are elements that enhance geoethical
discussion and reflection.
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CHAPTER 3. SOCIAL RESPONSIBILITY AND ETHICAL ATTITUDE ON
THE MEDIA

SUMMARY

Geoethics is a rather new field of research that lies at the intersection of several disciplines.
Combining insights from economics, sociology, philosophy and the understanding of the Earth
system, geoethics aims at finding the foundational values of appropriate behaviour and
practices when human actions intersect with the Earth system. Geoethics researchers have
been able to formulate these values and articulated them within four levels of responsibility: (i)
responsibility towards the self, (ii) towards the colleagues, (iii) towards the society, and (iv)
towards the Earth system. In order to educate more aware, active and responsible
geoscientists, training in geoethics should become an essential feature of every undergraduate
and postgraduate curriculum in geosciences. By understanding the delicate role played by
geosciences professionals, who, thanks to their knowledge and expertise, are trusted as special
informer and educator of the general public, this chapter aims at presenting the ethical values
and the appropriate and most effective line of behaviour that geoscientists should follow when
advising communities. In order to do so, in this chapter it will be firstly presented a brief
overview on geoethics. Secondly, it will be introduced and discussed the ethical principles that
should guide geoscientists when engaging in science communication. Thirdly, it will be shown
the web platforms that geoscientists would have at their disposal, together with the skills that
they should develop to appropriately exploit them. Finally, examples of best practices would be
provided from the communication activities carried out throughout Erasmus+ KA203 project
GOAL T Geoethics Outcomes and Awareness Learning.

1 INTRODUCTION

Today, geoscientists have to face a very large spectrum of issues that may go beyond the
range of their academic field. As exponential population growth proceeds sustained, it is
expected that the Earth will be inhabited by almost 11 billion people by 2100 (Roser, 2019). This
startling growth entails several alarming concerns, that touch a wide arrange of academic fields.
Complications related to human actions upon the planet (such as greenhouse gas emissions,
water scarcity, food security, excessive energy demand and others), require a communal effort.
Researchers claimed that the solutions to these challenges lie at the junction of four basic
endeavours (Mogk et al., 2018):

1. Knowledge of the Earth system and how it operates

2. Understanding of changing social and cultural value systems
3. Comprehension of economic realities
4

Awareness of philosophical approaches addressing human actions that generate
negative catastrophic and irreversible impacts on human existence and on ecosystems

In this scenario, geoscientists definitely play a prominent role, as they have competence and
experience to better understand the Earth system, its elements and dynamics. However,
despite their very important function, young geoscience students are still unprepared to face
some of the ethical challenges that their future job might present them.

In order to educate more aware, conscious, ethical and responsible geoscientists, training in
geoethics have to become an essential feature of every geoscience curriculum. Geoethics has
been def ieseaah ana seflection on the values which underpins appropriate behaviours
and practices, wherever human activities interact with the Earth system. Geoethics deals with
the ethical, social, and cultural implications of geoscience knowledge, education, research,
practice and communication, and with the social role and responsibility of geoscientists in
conducting t (tPeppadoni& BitCapua, 20iLl7e & B). This wider frame of research is
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aimed at creating professional figures that better understand their social responsibilities. The
inclusion of geoethics in the educational system would result in a stronger ethical commitment
from the geosciences community, which would ultimately recognize the crucial role that new
generations of geoscientists wild.l play in th
agentso. They wild/ be committed to transfer t
but a new, more comprehensive and ethical understanding of the planet (Peppoloni & Di Capua,
2016; Peppoloni, Bilham, & Di Capua, 2019).

Geoethics comprehends a quite large and diversified group of responsibilities and principles
better summarized under four categories or, as they are calledinother cases fil evels of ¢
conduct o (Mogk et &DiCapua,206):8; Peppol oni

1. Responsibility towards the self

near

e
0O soci

2. Responsibility towards colleagues
3. Responsibility towards society
4. Responsibility towards the Earth system

The first category deals more withper s onal and fireflectived responsi bi
often have to face personal questions, problems and dilemmas, the first level of conduct should
lead them towards the formulation of unavoidable ethical questions. It is important to stress the
fact that there are not always right or wrong answers to certain ethical issues. However, a
responsi ble geoscientist should always question his
are the personal ethical attributes of my professi ol

Thesecond Al evel of conductodo develops in a consequent.i
It is still strictly related to the profession of geosciences, but this time it moves the focus from

the person to the whole category of professionals and it covers the right line of behaviour that a

geoscientist should pursue when contributing to the geosciences community. Regarding
responsibilities towards the coll eagues, a geoscien
practices that | should comply withwhenwor ki ng wi th my coll eagues?o0.

The third category is the one that will be mostly discussed in this chapter. It deals with the
ethical values affecting geoscientists behaviour when engaging with non-scientists (e.qg.,
politicians, journalists, communities, etc.) and it is mostly concerned with communication. This is
a rather delicate issue, as howadays the widespread diffusion of information technologies often
simultaneously disseminates misinformation and lowers the quality and the ethical practices of
journalists, in general, and science journalists, in particular (Foresta Martin & Peppoloni, 2017).
When engaging in communication with non-specialists, the geoscientist has to face several

ethical dilemmas and critical choices, and he/she should always ask himself : fAwhat is the pr
line of behaviour that | should pursue in order to communicate geosciences research results in
a professional, ethical, comprehensible and effecti)

Finally, the last level of conduct is an even broader category that includes one of the biggest

challenges of this century: our relationship with the planet. Geosciences have also other

inherent values that go beyond their scientific and technical information. Besides ethical values,

geosciences also entail cultural and social values that geoscientists should transmit in their

communications (Peppoloni & Di Capua, 2016). Terms like geodiversity, biodiversity,
sustainability and prevention are not mere fAcol dod s
ideas and feelings that are associated with us and our relationship with the planet that we

inhabit. As geoscientists have to provide good stewardship of the Earth based on their

knowl edge, they need to ask themselves: Ahow my act
and more in general the planet? What can | do to preserve and enhance its geodiversity and
biodiversity?o0.

As now it has been presented a general view of the issues addressed by geoethics, we can
move further and start delving deeper into the topic of this chapter. By understanding the
delicate role played by geoscientists, who, thanks to their knowledge and expertise, are trusted
as special informer and educators of the general public, this chapter aims at presenting the
ethical values and the appropriate line of behaviour that geoscientists should follow in
communication practices, and it will mainly discuss the communication activities carried out in
the Erasmus+ KA203 project GOAL i Geoethics Outcomes and Awareness Learning 7 which
will be presented as examples of best practices. The communication carried out in GOAL
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project will be put in the wider context of ethics in science communication, as a general
framework guiding geoscientists decisions when carrying out public engagement activities.

2 SCIENCE COMMUNICATION IN GEOETHICS

Among the several responsibilities of geoscientists
in science communication and educationd (Peppoloni

is enclosed in the third category of ethical conduct, this means that the goal of a geoscientist
should be directed towards society, by sharing and popularizing the results of geosciences in
order to promote geoethical values, while, at the same time, presenting the scientific uncertainty
of the same results.

This is not an easy task. Todaybés widespread diff
accelerated the circulation of information and increased their speed. As scientific news spread

faster than ever, their quality and accuracy have often | ower ed. The phenomenon c
Churnalismo (the production of fifcopy and pasteo ar:

proper verification) is an unhappy example of this alarming trend (Foresta Martin & Peppoloni,
2017). It is in a context like this, that geoscientists must reclaim their role and pay particular
attention to the ethical value of their communication.

However, there is also a specific need for the development of valuable communication skills.
Today, geoscientists are not trained to communicate effectively to the public (Liverman, 2008;
Solarino, 2014). Such requirements call for a two-pronged action. From one side, geoscientists
should be made aware of the ethical implications of science communication, while, from the
other perspective, they should also be trained to use effectively the current media tools at their
disposal. These two actions are closely related, as by understanding the ethical implications of
their communication activities, they would know how to apply them to the actual context, thanks
to their new acquired communication skills.

This section will deal with these two actions. Firstly, it will discuss the ethical role played by
geoscientists when engaging in science communication. This is a particularly important part, as,
from time to time, it appears a tendency to perceive science communication as inherently
ethical and morally right. A similar bias is usually inferred when appealing to the notion of

fiscientific objectivityo and t hehaind elae stsh ak n ofwnhcerdeg e

(Medvecky & Leach, 2017). However, it will be suggested that, in order to transform
geoscientists in fimor al agent so, the deliwv
should also promote ethical, social and cultural values that may foster positive change within
the larger society, geoscientists must be aware of the ethical implications of their
communication activities. Secondly, it will be presented some simple tips and advices on how to
use effectively t oatmglafiss. As cuggestad ialmeef thiois alsb a quiet
important element of geoethics training. In order to communicate effectively, to engage the
public and attract its attention, it is essential to know the differences between good and bad
communication and to know how to properly use communication technologies.

2.1  Ethical role of communicating geosciences

What makes science communication ethical? Instead of establishing a discussion about what is
wrong and what is right, thus moving this chapter in a realm that goes far beyond its original
scope, we should start by addressing this question from the perspective of geoethics.

As said before, geoethics is not merely concerned with the spread of scientific knowledge for
knowl edgebds sake. mngtvaluas that mag foseo positive csahga ard good
stewardship of the Earth. This is where levels of conduct three and four interact. In order to be
ethical, geoscientists should promote scientific knowledge and geoethical values at the same
time.

But, how can they do that? It is important to stress the fact that every communication activity is
different. Since communication does not take place into a void, geoscientists should always be
aware of the context of communication. For this reason, some evidenced the weakness of
applying deontological and utilitarian ethics to science communication, as they universalize
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rules of conduct and adopt them fAalgorithmicall yo t
(Stefanovic, 2015; Thompson, 2018). For instanc e , one could say: it is v
present scientific facts in the most rigorous way a!

proposition correct, would then decide to universalize it and apply it in every context. However,
a geoscientist who would decide to present his research results to a general audience, using a
specific, rich and complex vocabulary, as rigorous as it may be, would completely lose the
attention of the public. In such a case, the rigorousness must be always accompanied to clarity,
and the clarity will depend from the context to which the geoscientist refers, from the level of
understanding of the audience.

Because of this, others suggested the adoption of f
(Medvecky & Leach, 2019). This last category is different from deontology and utilitarianism,

since it does not impose rigid rules of conduct that must be followed without blinking an eye. It

provides a set of guidelines that has to be analyzed in context. Itiscalled firefl exi ve ethi
because the attention is moved from the action to I
to act in context. Reflexive ethics can be successfully applied to geoethics, as also its values

can be seen as ethical guidelines that needs to be applied in context. As a matter of fact,

scholars claim that teaching geoethics should aim at developing questioning and reflection skills

based on contextual simulations of ethical dilemmas (Mogk et al., 2018).

According to Medvecky and Leach (2019), reflexive ethics can be further divided into two
categories: principlism and relational ethics. The former has been successfully applied to
medical and bioethics, while the latter has been devoted to the analysis of ethics involved in
different kind of relationships (e.g. client-professional relationship, communicator-public
relationship, gender relationship, etc.). Within the field of science communication, these two
scholars applied both theories to formulate their proposal of science communication basic
principles: Utility, Accuracy, Kairos and Generosity. They will be now presented and analyzed
specifically in the field of geoethics.

2.1.1 The four principles of science communication

As described previously, within reflexive ethics, principles do not act as fixed rules, imposing to
strictly adhere to them. They are not deontological rules, but they are designed to promote
reflection on the (communicative) action that is going to be taken. This does not mean that they
are made to be broken, but that any geoscientist involved in communication has to be aware of
these principles and take decisions that are based on careful ethical analysis. The four
principles that are going to be discussed do not have a hierarchical order and one does not
necessarily excludes the others, but, in some cases, they do not work in accordance. When
carrying out public engagement, it is the job of the geoscientist to decide, according to the
context, which of the four principles has to prevail over the others.

The first principle is Utility, which can sound obvious, since any type of communication must

serve a purpose and fdAbe wusefulo. However, in this
sometimes people tend to ignore. Within a science communication activity, the principle of Utility
requires a geoscientist to take into confsideration

capacity to empower all involved, to enrich the lives of all involved, to lead to better social or
individual outcomesd6 ( Medvecky & p.L88)alr dther warfisl When carrying out a
science communication activity, a geoscientist should consider the usefulness of the information
delivered, but not in a narrow sense, since whether something is useful or not is inherently
subjective. For instance, small details of a presentation which could produce enjoyment, might

be regarded as trivial or Auselesso for a speciald.
them intriguing or simply fun. This aspect should not be dismissed, as the enjoyment induced

mi ght be Ausefuld in captivating audiencebs attenti
Thus, anything that helps the geoscientist deliver his/her message effectively might be
considered fiuseful 0. For instance, storytelling has
for carrying out science communication activities (Priest et al., 2018; Joubert et al., 2019) and,

regarding geosciences, some researchers have even delineatedth e At ypi c al plotso of

study (Philips, 2012).

The second principle is called Accuracy and it could appear partially in contrast with the first.
Accuracy requires communication to be the most accurate and close to truth as possible. This
does not mean that any kind of simplification is excluded a priori, but it advises geoscientists to
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be careful before applying any deviation from veracity and scientific rigour. For instance, as
Utility may suggest to a geoscientist to make use of storytelling in its discourse, Accuracy would
immediately tell him/her to be careful and to not compromise truth to attract the audience. As
this example shows, when put in context, these principles manifest the delicate equilibrium on
which science communication is based. A geoscientist should be trained to take care of the
utility of what he/she is communicating, and at the same time to not disregard the accuracy of
the information transferred to the public. Moreover, Accuracy also requires geoscientists to be
very careful before claiming something to be true. As absolute truth is impossible to reach
(Marone & Peppoloni, 2017), Accuracy would demand a geoscientist to be honest and present
the uncertainties of his/her results, as geoethical responsibilities already indicate.

Kairos, the third principle, is more abstract than the previous ones. Ancient Greek used to
distinguish between quantitative and measurable time (Chronos), and qualitative and opportune
time (Kairos). Kairosr ef er s t o At he r i ghtmetainme oi.t hlen rti gihg o a sree,
right thingd and it covers many aspects connected
aspect, it is about the right time of delivery, being aware of the proper time needed to present
the discourse and give enough time for the others to understand the information and have
enough time to act accordingly to that information. It is especially important when presenting
results to policy makers or after disastrous events (e.g. earthquakes, floods, etc.), when there is
an urgent need to know how to act and the population needs to be helped and in case
reassured. But Kairos is also related to the time of communication technologies. Presenting
results in front of an audience or showing them through a Youtube video are quite different way
of delivery and, thus, have different Kairos, since people approach them in distinct way.
Moreover, people are reached in quite diverse times through one medium or another and
geoscientists should also take in consideration this aspect, when deciding which media to be
used.

Finally, the fourth and last principle is Generosity. This principle is directly related to relational
ethics, as, in fact, it draws attention on how stakeholders engage in the communication. When
thinking in terms of Generosity, geoscientists should ask themselves which kind of relationship
they should engage with their public. Generosity asks to geoscientists to take a strong
commitment with the people they are informing, a commitment to pay attention to the needs of
the audience,t hei r demands and to acknowledge other peopl ¢
and aspirations as worthwhile. In other words, geoscientist should engage the public with a
sense of humility and a desire to better understand also other points of view. In the spirit of the
third level of conduct enunciated at the beginning of this chapter (responsibility towards society),
this a very strong and important commitment that does not only effectively improve
communication, but it also enhances the sense of humanity and kindness that geoethics aims to
enforce.

2.2  What media should geoscientists use and how should they use
them?

In the last years, traditional media have been supplanted by the Internet, as it has already
become the most prevalent source for information (if not the unique one in some cases) for
many people, especially students (Solarino, 2014). The outstanding spread of Information and
Communication Technologies (ICTs) has, from one side, provided almost instant access to an
incredible amount of knowledge, while, on the other hand, it has enlarged the demand for fast
and accessible content, often causing a downfall in accuracy and veracity of information
(Foresta Martin & Peppoloni, 2015). For this reason, geoscientists have the responsibility to
carry out communication activities through Internet media and actively engage in science
communication, even if this does not mean they all have to become science communicators.
But for those who are directly engaged in communication activities, it indispensable to increase
their skills in this field. The Internet provide a vast spectrum of channels for communication.
Geoscientists have to know these channels and possess the adequate skills to manage them
successfully. The effective use of these tools may not only counteract the negative effects of
AfFake News?O, AWeb Churnalismd and otherrovenet hi cal
significantly science communication by making it more interactive, pervasive and exciting
(Rayies & Deepika, 2014). For instance, by using blogs or websites, geoscientists may share
very easily and without any intermediary their knowledge. Moreover, as blogs include features
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such as comments and embedding of videos and links, they could bring the public closer to
geoscientists, providing a stronger sense of cooperation and attachment. In this realm, the
principle of Generosity plays surely an important role in establishing a good relationship
between the geoscientist and his/her public. Geoscientists who decide to make use of blogs for
their science communication, would need a solid background in writing skills for online content,
as they cannot write blog articles in the same way they write scientific papers. In this sense,
geoscientists need to learn how to become in part journalists and start to treat their content
almost as a newspaper article, establishing a dialogue between the principles of Utility and
Accuracy. Moreover, some basic skills of web design might be needed. Although building a
website has become much easier today, thanks to the latest content management systems
(CMS), such as Wordpress, Joomla or Wix, some web design skills are necessary in order to
make a page recognizable among the other billions accessible on the web.

For what concerns social networks, the situation changes remarkably. Facebook is still the most
popular social media platform, but this does not mean that geoscientists should not consider to
use also other platforms for their science communication, especially if they want to reach
different kind of audiences. Twitter, for instance, is commonly used by influential people and it is
generally percei v eththn aher platiorms &ayiese&r Deapikss 2014). On the
other hand, geoscientists aiming to attract a younger public should consider using Instagram, as
it is more popular among teenagers (https://www.omnicoreagency.com/instagram-statistics/).

All of these social media require particular digital skills to be used effectively. Among the 6
categories of digital skills elaborated by researchers (van Dijk & van Deursen, 2014), the most
relevant for our case are Communication Skills and Content Creation Skills. These categories
comprehend a wide arrange of specific skills, but two in particular serve specific purposes within
social media. These are: (i) the ability to attract attention online, and (ii) the capacity to construct
online profiles and identities. Both skills are essential in order to use social media features at
their full potential, but they are not so easy to acquire. They would develop through a long
process of trial and error. Nonetheless, a good way to start should be to learn how to use
productively pictures and graphic editor programs (e.g. Photoshop, lllustrator and other Adobe
packages). The power of the image should not be ignored, since it has been proven that
geological phenomena can produce powerful aesthetic impressions in the observers (Kim,
2015). A knowledgeable geoscientist, skilled also in the use of cameras and graphic editors,
may capture beautiful images of geological phenomena in order to attract attention on
Instagram, a social media in which pictures play a prominent role, or on his own blog.

Finally, another platform that geoscientists should consider to use is Youtube. Obviously, also in
using this platform, specific skills are needed, especially video production ones. However, what
has been said previously for social media should also be taken into consideration when carrying
out science communication through Youtube. To attract attention and create an online identity
on Youtube, geoscientists might make use of powerful aesthetics images, coupled with
storytelling. Audiences on Youtube tend to create a strong connection to the youtubers they like,
more than on other social media, creating a sense of familiarity. This happens because
youtubers communicate in a very familiar tone, establishing close relationships with their
audiences. This fact has been proven by a study comparing scientific Professional Generated
Content (PCG) with User Generated Content (UGC) on Youtube (Welbourne & Grant, 2015).
This research shows that, although PGC is superior in number, its popularity is way lower when
compared to UGC. One of the reason is that UGC foster meaningful connections with the
viewer. Moreover, as UGC is usually delivered by just one person, people tend to trust them
more. On the contrary, as PCG is generally developed and presented by more experts, people
do not have time to build any meaningful connection.

One last consideration is related to Kairos. As we understood that
timeo is a very important requirement for

essential for geoscientists to commit themselves to life-long learning activities in order to always
be updated on the last developments in their fields. This requirement is also among the ethical
responsibilities promoted by geoethics (Peppoloni & Di Capua, 2016) and it would fall under the
first category of responsibil i twewras (vécareseepfrom
this example, these categories tend to overlap. In fact, in this case, a geoscientist committed to
life-long learning does not only prove his devotion to the profession, but, thanks to his
continuous studies, he can also deliver up-to-date information to his/her public and, as Kairos
requires, fAsay the right thing at the right
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Finally, it is also important to take into consideration the pace of content delivery, especially for
Youtube videos. Studies has shown that slow speaking rates improve comprehension, while, on
the other hand, faster rates of speech improve the persuasiveness of arguments and increase
audience focus (Welbourne & Grant, 2015). In this scenario, it is up to the geoscientist to

decide.

3 GEOETHICAL COMMUNICATION IN PRACTICE: GOAL PROJECT

GOAL 1 Geoethics Outcomes and Awareness Learning is an international project funded by the
European Commission through the Erasmus+ program. The project lasted for almost three
years (31/12/2017 i 30/08/2020) and its main purpose was to establish an international network
of experts to develop multimedia educational material (of which this eBook is an example) for

strengthening geoethics concepts at higher education level.

Materials were discussed and developed during fourwor k s hops

hel d at t he

in Italy, Portugal, Austria and Israel (for more information: https://goal-erasmus.eu/).

Among the different activities that have to be carried out throughout a project period, a very

i mportant one is dissemination,

wh i

ch consists

(https://ec.europa.eu/research/participants/docs/h2020-funding-quide/grants/grant-

management/dissemination-of-results_en.htm). It is another way of describing communication
activities (or, at least, some of them). Since GOAL was focused on geoethics and aimed at the
diffusion of geoethical concepts and values, its communication activities can be included as a
prominent example of science communication applied
educational material and video production will now be analyzed to show how the theoretical
framework highlighted in the previous sections can be translated into practice.

3.1 GOAL66s website

Starting from the website (https://goal-erasmus.eu/), the first thing that visitors see when

accessing GOALG6s homepage are wi
involved in the project. Bel ow
shown.

de
t he

pictures of
pictures,

Geoet‘_«,hics Outcomes

PROJECT

' Pand:
Awareness Learning

E(HAND)BOOK
EDUCATIONAL
RESOURCES

OTHER RESOURCES

PARTNERS/CONTACTS T

GOAL PROJECT
YOUTUBE CHANNEL

Figure 1. GOAL Homepage
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These images fiset the scenedo for the content. Throu
website immediately know the essential information of the project (what is about, which

countries are involved) and, even without reading, visitors instantly understand that it is about

geosciences, as these informations are mostly conveyed through images. As a matter of fact,

throughout the whole website, the text has been shortened as much as possible. In this way,

visitors do not get tired - when surfing through the pages.

Anot her relevant aspect of the website is its | ayol
mor eo. There is no need for el aborated graphics or
clean and simple to navigate and itusest he same col ours of the project s
has been built in a coherent way.

Respect of the fAless is moredo rule can also be seen
the website. There is nothing more than the essential, which is presented in a professional

captivating graphic. This aspect does not only establish a user-friendly navigation, but it also

shows to be in line with the ethical principles of Utility and Accuracy, since only the content

relevant for the audience is uploaded and delivered in a precise way.

3.2 Educational resources

On the website, particular attention has been devoted to the EDUCATIONAL RESOURCES
section. It has been highlighted on the menu bar and, together with the E(HAND)BOOK, stands
out in comparison with all the other links. This did not happen by chance. In fact, as GOAL 6 s
educational material and eBook represent the main outcomes of the project, they should be
highlighted and easily accessible to everyone.

In the EDUCATIONAL RESOURCES (https://goal-erasmus.eu/educational-resources/) page,
visitors can access to the material developed during the project lifetime through several links,
providing PDF documents. Graphically, these documents stay coherent with the website, since
they apply the same colours and simple appearance. However, what is most relevant in this
case are the actual texts and, in particular, how they are delivered.

The topics are rather clear: they all deal with different aspects of geoethics (e.g., water
management, geological risk, the link between human interaction and the Earth system, etc.).
But, from the point of view of science communication, what is really interesting is how they are
developed. First of all, as they aim to reach a widest audience as possible, all the documents do
not exceed 5/6 pages, since too many of them would discourage possible readers. Secondly,
the content is presented in a very simple way and, as the website, they make large use of
pictures. The first page, present the whole argument in a snapshot, so that the user could
understand immediately what is going to read, while the following pages develop the content
making use of different techniques. For instance, some of the educational resources respect the
typical canon of scientific papers, but others are narrated with the adoption of storytelling
(https://goal-erasmus.eu/wp-content/uploads/2019/08/GOAL _Earth-system-nexus-human-
interaction_a-Geoethical-perspective2.pdf) or even comics (https:/goal-erasmus.eu/wp-
content/uploads/2019/10/CLARA TIAGO LIMA GOAL CASE.pdf). All these different kinds of
narratives arise from decisions taken by individual experts who put in dialogue the principles of
Utility and Accuracy and decided which was the best option according to the situation.

3.3 Video production

Finally, the | ast part o f GOALG6s communication tha
channel and the video pills uploaded on the website. These videos usually feature one of the

experts presenting a topic related to geoethics, most of the time in a natural background. It goes

without saying that, as for the website, especially in the Youtube channel images play the

central role. However, one of the most important issue with Youtube videos is Kairos, ft he r i ght
ti meo. Yout ube vi de oothervisa the imterestboé thetvieveer Wwowlchbg Jost

i mmedi ately. As a matter of fact, Goalds videos do
pay also attention to the way the content is delivered. There is not wide use of technical terms

and presenter talks at slower pace, in order to maximize the attention of the viewer.
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4  CONCLUSIONS

The challenges of the 21th century are extremely wide and complex, so complex that cannot be
tackled from just one perspective. This is one of the reasons teaching geoethics is very
important. It puts people in touch with this immeasurable bond, it shows how humans and the
environment are strictly linked and it provides guidance on the best way to act in order to
strengthen and protect this connection.

Geoethics and its values are too much important to not be shared with the larger society.
Because of this, we claimed that geoscientists have to be engaged in science communication
activities as much as possible. Moving from these considerations, this chapter explained the
ethical role of geoscientists in communication activities and the principles they should follow
when communicating. We suggested the principles of Utility, Accuracy, Kairos and Generosity,
as elaborated by Medvecky and Leach. Following that, it has been provided a brief overview of
the principal web media for science communication, together with some of the skills that are
required in order to use them effectively. Finally, the last section proposed the previous
information into a practical context, discussing the communication carried out during Erasmus+
KA203 7 GOAL projecti Geoethics Outcomes and Awareness Learning.
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CHAPTER 4. THEORETICAL ASPECTS OF GEOETHICS

SUMMARY

A wide overview on the current state of research on geoethics with a focus on its philosophical,
theoretical, and social aspects is provided in this chapter, aimed at creating a conceptual
substratum capable to develop an organic and coherent geoethical thinking. Definitions,
concepts, values, online resources and tools described in the next pages are necessary as an
introduction to geoethics. The content of this chapter should be used as a base to be
incorporated in geosciencescour ses . -hdwo -pilésdinel ohe Cape Town Statement
on Geoethics should be considered integral part of this chapter in order to get the essential
elements of theoretical aspects of geoethics and a synthetic description of the difference
between ethical issues and dilemmas.

1 INTRODUCTION: THREE FUNDAMENTAL QUESTIONS

Humans are capable of modifying natural environments, and in virtue of this capability they
have an ethical responsibility towards the planet. Indeed, studying and managing the Earth
system, exploiting its georesources, intervening in natural processes are actions that involve
great responsibilities towards society and the environment, of which perhaps geoscientists are
not sufficiently aware. Only by increasing the awareness of this responsibility, can geoscientists
work with wisdom and foresight, and respect natural processes and dynamics existing in nature
while guaranteeing a sustainable development for future generations. In order to define
acceptable solutions to current anthropogenic global changes, geoscientists need to take into
proper consideration the ethical and social aspects involved in geosciences issues.
Geosciences (or Earth sciences) are a wide set of scientific, basic and applied, disciplines
(including engineering disciplines) whose aims, methods, tools are used by geoscientists to
investigate the Earth system in order to understand its composition, structure, forces,
processes, dynamics, cycles, resources, evolution, at various scales and in different spatial and
temporal intervals.

The expression AEarth system" i s here ref
constituents and their interacting processes and cycles on both the Earth surface and its
interior, capable to transform and/or transfer matter and energy throughout the whole system in
ways that are governed by the laws of conservation of matter and energy. The Earth system
consists of geosphere (the solid Earth), atmosphere, hydrosphere, biosphere, anthroposphere
(including the technosphere).

Geosciences analyse the interaction between Earth constituents, the relationships between the
planet Earth and other celestial bodies, the influence of human activities on the geological
deposits, processes, dynamics, and the ecosystem. Geosciences investigate both abiotic and
biotic phenomena, the active and passive interaction between biological and a-biological
processes and dynamics (e.g. corals and coral reefs, or biological matter and oil formation),
how animal and vegetal life, and humans can determine or influence rock and geologic deposits
formation and modifications. Geosciences studies use direct and indirect methods to make
observations and get data, and through models geoscientists provide deterministic or
probabilistic scenarios to forecast the spatial and temporal occurrence and evolution of physical,
chemical, and biological phenomena.

Geoethics was born to define a conceptual substratum of categories, to be used as framework
of reference for geoscientists, to help them develop a new way of thinking and interacting with
the Earth system. Geoethics widens the cultural horizon of geoscience knowledge and
contributes to orient scientists and society in the choices for a responsible behavior towards the
planet.

43

erred

t

C



Chapter 4. Theoretical aspects of geoethics

At the present, geoethics is recognized as an emerging field in geosciences, but until 2012
geoethics was still in its early stage, with fragmented and discontinuous initiatives.

This means that it was necessary to start to give a theoretical structure to geoethics, to assure
its scientific credibility, supported by a solid conceptual substratum, by answering essentially to
the following questions:

1. What is geoethics?
2. What is the geoscientistds responsibility?

3. How can geoscientists serve society?

2 THEORETICAL FRAMEWORK

2.1 From ethics to geoethics

Practicing geosciences has important implications in ethical and social terms, and geoethics
can be a way for society to approach the global problems affecting the human interaction with
the Earth system in a more responsible way, without prejudices and ideological constraints. This
implies geoscientists being aware of their ethical and social responsibility and role within
society.

Unfortunately, training designed to increase this awareness does not yet exist and cultivating
geoethical thinking is usually delegated only to personal initiative. Concretely, universities
should train young people to develop critical thinking in geosciences, providing them with
conceptual tools, useful to give a satisfactory answer to the following basic questions:

- When | am faced with a professional problem, on which elements can | base my decision?
- What is right to do and why?
- And how?

This is the ethical issue, and it implies a conscious choice between different options in problem-
solving.

fEthics reflects on the conduct of humans and the criteria on which to evaluate behaviours and

choices, in order to identify the Atrue goodo, i ncl

intended to clarify, for a given circumstance, what to do and how to do it, taking into account the
consequences of that act. Its function is to guide humans when they need to make a choice, by

providing them with a framework of reference values, shared by the social group to which they

belong, that can lead to the good, or to what is most useful to the individual or society. With

regard to a profession, we can define ethics as the identification of duties and rights that

regulate a professional activity by members of a social group, who possess specific technical-

scientific knowledge, as well as methods and tools for its application.d0 ( Peppol oni & Di
2018, p. 1).

Regarding ethical aspects applied to research and professional activities the following
definitions should be known (Di Capua, Peppoloni & Bobrowsky, 2018):

Research integrity: it is a set of ethical values, deontological duties and professional standards
on which a responsible and correct conduct is founded by those who perform, finance or
evaluate scientific research as well as by institutions that promote and realize it. The application
of the values and the respect of deontology and professional standards guarantee the quality of
research and contribute to an increase of reputation and public perception of science, with
important repercussions on the scientific community and society.

Professional ethics: it encompasses the personal and corporate standards of behavior expected
by professionals belonging to a professional community.

I'n the field of geosciences, t h e tonframeethesethieakt i f i ¢ t
problems related to the geosciences research and practice, and it includes aspects related to
research integrity and professional ethics. Ideas that underpin the conceptual foundations of
geoethics can be traced back to the eighteenth and nineteenth centuries when anthropogenic
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impacts on nature began to be recognised and documented (Peppoloni & Di Capua 2012;

Bonneui l & Fressoz, 2013; Lucchesi, 2017; Lewis & |
figeoet hi csodo began ndthe ethieal ands sodal implicatidne Dfi geosciences

(Cronin, 1992; Savolainen, 1992; Peppoloni & Di Capua, 2015a).

The word Ageoethicsd is the wunion of the prefix 0
etymological analysis highlighted thatthewordfiet hi csd has a doubl e meaning:
ffet hicsd contains a sense of belonging of each huma
the other hand, fethicso is related to the individu:

In these both existential conditions (social and individual) the etymological root of the word
ffet hicsdo points out human beingséd responsibilities
community to which they belong (Peppoloni & Di Capua, 2015b).

The prefix fgeod Elaeamloy MBeafferig st antchenfi Sumeri an
deeper meaning, t hat i's Ahome, dwelling placeo. So
specifically the place where humans dwell and where future generations will dwell. So,

geoethics means responsibility towards the Earth and future generations (Peppoloni & Di

Capua, 2015hb).

Based on these consider at i on sthergseacck antl iefetionoras been d
the values that underpin appropriate behaviours and practices, wherever human activities

interact with the Earth systemd6 ( Peppol oni &, p2). This agdinitian, pro@obes an

analytic approach to reality, focusing on the need to identify values on which to base the

growing interaction between humans and the Earth system.

Asecond part of t he de&doethice dealoowith teetethitag social dna cultural
implications of geoscience education, research and practice, and with the social role and
responsibility of geoscientists in conducting their activitiesd ( P e p & Di Capua, 2017, p. 2).
It emphasizes the centrality of geosciences as a body of technical-scientific knowledge to
correctly manage this interaction. In particular, geoscientists are asked to assume the ethical
responsibility to use their knowledge for the benefit of society.

2.2 The four domains and areas of application of geoethics

In geoethics the concept of responsibility is central (Bobrowsky, Cronin, Di Capua, Kieffer &

Peppoloni, 2017). The responsibility expresses the commitment to answer to someone
(individual s, institutions, organi zations, soci ety
potential consequences. Responsibility implies the obligation to satisfactorily perform or
complete a task that has a emamiePuEpus, 200).eMtlal ty f or
reference to the scientific community, a potential failure should not only be intended from a legal

point of view (for example: if calculations to make a slope stable are wrong owing to negligence

and a disaster occurs, scientists will pay for the consequences), but also in terms of loss of

credibility, trust or reliability, or an impairment of the relationship with colleagues and

stakeholders. After all, it is the failure of the scientific and cultural role of geoscientists to help

society in facing geological problems, that is, definitely, the loss of the reason for being

geoscientists (Peppoloni & Di Capua, 2017).

Taking responsibility means to act rationally and coherently with respect to the purpose

attempted, butalsoto consi der the i mpact oneds choices have
colleagues, and/or society, and/or the natural environment. Responsibility means to answer for

oneds own actions and being competent to &xecute t
specific problem. Responsibility is a prerequisite to establish ethical best practices, activities,

and working capacity building (Peppoloni et al., 2019).

Geoscientists can act at various scales and in different working environments, and therefore
they have to deal with diverse ethical levels of interactions, starting from the correctness and
honesty of individual behaviours, which necessarily influences the working experience as well
as the following interactions with colleagues, society and the environment.

The goodness of a behaviour is measured based on values. These values refer to four
geoethical domains discussed in the following: individual, inter-personal, societal, and
environmental (Peppoloni, Di Capua & Bilham, 2019).
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The geosci emsibilityscandéreferredstptioese four domains:

A the responsibility towards oneself (individual domain) in conducting the own work to the
best of own ability. This implies to apply appropriate research methods, verify the sources
of information, report findings and interpretations fully and objectively, assure ongoing
professional training and the continuous improvement of geological knowledge lifelong,
always maintaining intellectual honesty at work, avoiding conflicts of interest that could
compromise the trustworthiness of own work;

A the responsibility towards colleagues (inter-personal domain), to cooperate with a
respectful and honest attitude, with the common goal to find solutions to problems. This
includes to respect oerdpectivesfexpertise ansl methobdsvfasters i t y o f
the mutual understanding, accept a fair debate with hypotheses and theories that disagree,
share information and data, be respectful of the intellectual property;

A the responsibility towards society (societal domain) that geoscientists have the duty to
serve in order to allow its development and assure its safety. To achieve those goals, it is
fundamental making data and results of own studies public, easily accessible and user
friendly with explanatory information targeted to the population, transferring advanced
knowl edge to industry and authorities, coll abor a
professional sdéd skills, participating in education
the synergy with government agencies and local administrations through the development
of operational protocols;

A the responsibility towards the Earth system (environmental domain). Geoscientists have
the knowledge, expertise, professional and cultural sensibility to help protecting natural
environments, to use prudently georesources favouring as much as possible a sustainable
and responsible management, to enhance the scientific, educational, cultural and aesthetic
dimension of the bio- and geodiversity, to entrust it to future generations.

These four domains of the geoethical analysis represent a helpful framework to motivate
geoscientists to develop a responsible approach to increase the awareness of their individual
and social responsibilities towards their working environment, society and the Earth system.

Geoethics applies to the entire range of geoscience fields, such as: responsible/sustainable use
of georesources; geo- and anthropogenic risks reduction and prevention; management of the
land, coastal areas, seas and open oceans; socio-environmentally sustainable supplies of
energy; pollution and its impacts on health; climate change studies and adaptation; research
integrity and deontology; literacy and education in geosciences; geodiversity and geoheritage
protection and enhancement; forensic and medicine geology (Ellis & Haff, 2009; Fressoz, 2012;
Peppoloni & Di Capua, 2012; Gundersen, 2017; Lollino, Arattano, Giardino, Oliveira &
Peppoloni, 2014; Peppoloni, Bobrowsky & Di Capua, 2015; Wyss & Peppoloni, 2015; Bohle,
2016; Vasconcelos, Torres, Vasconcelos & Moutinho, 2016; Peppoloni, Di Capua, Bobrowsky &
Cronin, 2017; Stewart & Gill, 2017; Arattano, Peppoloni & Gatti, 2018; Meller et al., 2018; Bohle,
2019a,b; Orion, 2019; Peppoloni et al., 2019).

2.3 Key-points of the geoethical thinking

Talking about geoethics is possible only by referring to human behaviours. So, geoethics
i mplies an anthropocentric perspective, having huma
to guide ow actions. Humans have the power to choose, more or less consciously, between
different options. The definition of geoethics proposes humans, who are themselves part of
nature, having the role of rational conscience of the Earth system architecture (Peppoloni & Di
Capua, 2017).

Geoethics requires conscious and responsible geoscientists to be applied. They possess the
scientific and technical knowledge to understand the best way for humans to interact with the
Earth system. And even if this knowledge is not perfect, thus fallible, always subject to possible
changes and improvements by definition, as any other empirical science, geoscientists have the
responsibility to provide excellent science (Marone & Peppoloni, 2017).

The importance of the concept of responsibility implies the need to define the perimeter of the
geoscientistds action and therefore to identify th
decision-ma ki ng chain. Regarding t his aspect, a par ad
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earthquake-c ased (Cocco et al ., 2015) . sevan scieffitists were d g ment a
s k

convicted for negligence in the seismic ri
destroyed in 2009 by an earthquake and three hundred people died. The lack of clarity on the
role of the various actors involved (decision-makers, scientists, mass-media and population) led
to a confused message to citizens about the risk they were running and about the preventive
actions to be adopted. But with the third and final judgement, six out of seven scientists were
acquitted, and this made it clear that negligence cannot be attributed to scientists who only had
the role of fiscienti fi c-makery Bos the distnctiannofl therrades is
fundamental.

2.4  The values of geoethics

Once the role of geoscientists has been defined, the need to identify reference values arises,
values able to guide choices and behaviours, appropriate for each situation. The ethically
correct solution to a problem will not be the result of a simplistic choice between right and
wrong. In fact, preliminarily it is necessary to discuss and fix reference values on the basis of
which it is possible to discriminate correct/acceptable decisions and choices from
incorrect/unacceptable ones.

Three groups of values have been proposed, as useful references to establish a
correct/acceptable relationship between geoscientists, society and the Earth system (Peppoloni
& Di Capua, 2016; Peppoloni et al., 2019):

Ethical values: they concern both the individual and social sphere of geoscientists, and include
honesty, awareness, integrity, transparency, reliability, competence, respect, reciprocity,
courtesy, sharing, cooperation, inclusivity, multidisciplinarity, safety.

Cultural values: geosciences are capable of influencing current and future ways of thinking
about the Earth system. The geoethical thinking enhances cultural values such as geodiversity,
geological landscape, geoheritage to strengthen the relationship between communities and the
land they inhabit, and considers those values also under a socio-economic perspective (as well
as ecological and geological). Geoparks and geotourism, that represent a synthesis of those

of

asses

deci s

values, can become a modern economic opportuni t y f or a countryds sustainab

Social values: geoethics can support society in facing global challenges, such as climate
change adaptation, the search for new sources of energy and the best management of the
current ones, the need for a sustainable approach to the environment, the defense against geo-
hazards and the promotion of preventive approaches to georisks management, and the
development of a society of knowledge. From the geoethical perspective values such as
sustainability, prevention, adaptation, and geo-education are social values, capable to influence
the societal vision of future decades. iSus
it consists of developing strategies and technologies for reduced use of energies and minerals,
and to encourage the percentage increase of renewable energies; in the long term, it consists to
building a new model of economic development for societies that aims to give new generations
the possibility of discovering and exploiting other ways to produce energy and use natural
resources. In fact, a sustainable world is also economically beneficial to society as a whole.
Geoethics can help define the threshold of a sustainable human living. The development of a
ficul ture of psoeetyasrthe way bodmplove thé rfesdience of human communities
(namely their ability to anticipate, avoid and/or respond to an event. This includes the capacity
to restore the material, cultural and spiritual conditions existing before an event and to prepare
for and respond to future events in a more effective way), on the basis of scientific information
and data provided by geoscientists. "Adaptation” refers to the ability of a social group to modify
its organization, modes of production and consumption, interests, objectives, network of
external relations and the ways in which it interacts with its environment for response to a
change. Natural systems change irreversibly, given their interconnection and complexity,
determined by non-linear system dynamics that do not allow the complete restoration of
previous conditions. This implies the need for human communities to develop strategies and

t

ai

actions to adapt to natwural and anthropogenic

educat i on dalto &asn yduigeeople and to transfer geologic knowledge to the public.
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Through geo-education geosciences assume a fundamental role in building a knowledgeable
society, by raising awareness about how the Earth system operates and evolves.

2.5 Codes of ethics and ethics of responsibility

The translation into practice of geoethical values is represented by codes of ethics/conduct,

which prohibit wrong practices and foster correct ones, and legal framework to manage human

processes and interactions within society. Codes are a very useful tool to prevent, monitor and

control inappropriate practices and policies. But their adoption is not always sufficient to

increase the ethical l evel of a scientific and prof
pract i ces o, ffunet hi cal behaviorso, Airesearch miscond
threaten the credibility of geosciences community.

The observance of ethical practices included in the codes should not be confused with the

essential ethics education and training that each geoscientist should receive in the Higher

education to assimilate ethical values and reach a higher level of integrity within the

professional community. It is essential to embody the value before the code, to make sense of

an ethical action. To encourage ethical behaviours in geoscience community, young and early-

career geoscientists should be motivated in respecting professional codes. This means that

teaching geoethics should be introduced in Highr education curricula (Peppoloni & Di Capua,

2017).

2.6 Intellectual freedom as fundamental prerequisite for geoethics

Geoethics implies a conscious and rational way of acting, being based on responsible
behaviours and a scientific approach to problems. An ethical decision can only come from a
responsible choice, but without intellectual freedom ethical decisions are problematic.
Intellectual freedom is a fundamental pre-requisite for acting ethically. Without resorting to
extreme cases, even harassment, bullying, discrimination, conflicts of interest, pressures at
work threaten the serenity of the working environment and more generally they inhibit the
freedom of choice. A respectful working environment is fundamental to maintain a high level of
professionalism and to assure an ethical conduct while practicing geosciences. Harassment
(from psychological to sexual) and discriminations offend the dignity of the person, and
seriously undermine not only integrity and credibility of the geosciences community, but also the
quality of the scientific results. These kinds of behaviours prevent individuals, driven by fear of
punishment or retaliation, from taking ethical decisions.

2.7 Ethical issues and dilemmas

An ethical issue presupposes the existence of a choice at least between two alternatives, one of

which is the best option, taking into account the reference system of individual, social, scientific,

economic and cultural values in which a geoscientist is acting, assuring an accurate knowledge

of the problem to be faced and an adequate competence for its resolution. If one option is

clearly better than another, then the decision to be taken could be relatively simple. But often
geoscientists are in front of et hical di |l emmas: S0
different options to be followed exist, all with inevitable negative impacts on society or the

environment (Marone & Peppoloni, 2017; Bohle & Marone, 2019).

In this case, which is the best choice to be taken from an ethical point of view? On what do

geoscientists base their choices?

A real et hical dil emma implies a problematic soluti
but rather the most acceptable one concerning a specific context.

Moreover, if a geoscientist usually makes choices trying to look at the most acceptable solution
(that means the one with the best consequences, or at least not the worst ones), sometimes
bad consequences must be carefully evaluated and eventually accepted.

In any case, not always it is a duty of geoscientists to take a final decision about a specific
matter. In fact, often the decision on the feasibility of a geological intervention in an area can
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depend not only on scientific and technical considerations, but also on political issues. In this
case, geoscientists have the social role to provide decision-makers with all the exhaustive
elements to take a decision as sustainable as possible for that societal and environmental
context. This means that a geoscientist is ethically obliged to properly inform those who are
really in charge of the decision-making process, and surely a solution or at least an orienting
suggestion or an expert advice are expected from geoscientists.

If geoscientists are facing a geoethical dilemma, their first professional attitude should be to
accept they cannot offer a unique right solution, but options and potential outcomes and

scenarios. Geoscientistsdéd duty is to expl ai
of them, avoiding making the mistake of considering geosciences knowledge as a universal law,
thinking they might solve an ethical dil e

Geoscientists can suggest ethical choices by justifying them adequately from a scientific and
technical point of view, and by clearly indicating pros and cons of the choice they are proposing,
including when possible a cost/benefit analysis even in societal and environmental terms, taking
into account also the probabilities of occurrence of the perturbations induced in the considered
system, and the quantification of the epistemic uncertainties of their models.

Making technical-scientific choices under uncertainty inevitably implies accepting compromises,
trying to find a balance between different
geoethi ¢ s . There is only a figoodd choice/ deci
and social, economic, and cultural contexts in which geoscientists are operating. In practical
terms, certainly geoscienti st siidtedhmical aspeatspas wel
as economic and temporal implications (for example lesser costs or shorter feasibility time). But
at the same time, they should take into account the greater social benefit their choice can entail.
Finally, geoscientists will take care of environmental aspects, by choosing interventions that
respect as much as possible natural dynamics.

In this perspective, a careful and rational analysis of a problem to be solved must lead to that
point of equilibrium, in which the sum of the positive effects is optimized. This would be the way
to take a choice ethically sustainable for the human community and the environment involved,
based on identified common values, shared by all those who will be involved in the
consequences (positive or negative) of that choice. The geoethical approach is based on
adopting an inclusive approach in problem-solving and to share responsibilities with all
stakeholders.

This implies the importance to work with local communities and stakeholders to determine
where there is reasonable alignment of values (economic, social and ethical values) and
opportunities for collaborative action that will create sustainable benefit for all parties.

Those reference values should take into the due account different cultural, economic and social
contexts and backgrounds, existing in different parts of the world. Just as an example: a dam
can strongly impact on a natural habitat, but at the same time it can ensure protection from
floods and water supply for thousands of people. Similarly, in developed countries it is common
to consider mining a threat to human health and nature, but mining is surely an opportunity for
development of economically depressed areas, capable to bring benefits, jobs, facilities and
infrastructures to the local population. Positive and negative aspects should be considered at
the same time, and also from different perspectives: in the short and long term, or on a small
and large scale.

The aim of a geoethical analysis is to find an acceptable solution, a compromise solution, not
limited in time, based on scientific but also economic and social considerations, discussed
among parties and shared. It is evident that geoethics means not only to define standards and
procedures, but also to constantly search for universal values to be shared, because probably a
technical solution alone is not enough to solve complex problems: real progress is possible
when the practical action is accompanied also by an ethical reflection on the value of that action
(Peppoloni et al., 2019).

49

n the

mma

factors
sion/ pra

houl

by

d

c

o



Chapter 4. Theoretical aspects of geoethics

2.8 Why do we have to act (geo)ethically? Geoethics as an advantage

In order to favour the spread of (geo)ethical behaviours and practices in the geosciences
community, advantages in acting ethically should be highlighted and fostered.

It becomes central to educate to understand the advantage of following ethical rules and best
(geo)ethical practices. Conducting geosciences activities in a responsible way means to be able
to find wiser and cheaper technical solutions, it means to win the trust of the client/population
and earn professional/scientific credibility and respectability. At the same time it is important to
create cultural, social and legal conditions, so that there is no advantage for scientists,
companies or single professionals to act unethically, because of the negative repercussions on
their reputation or in terms of penalties.
ethical action, but its beneficial aspects should also be emphasized while teaching geoethics.

2.9 Teaching geoethics

The practice of geosciences often places scientists in front of situations for which there are no
unique solutions. This implies that decisions related to geoscience matters having (geo)ethical
and social repercussions depend on different elements. In particular:

A the framework of reference values existing in the contexts in which geoscientists are
operating;

A the level of knowledge, scientific and technical preparation and updating of scientists and
professionals;

A the degrees of freedom geoscientists have, depending on whether they work (industry,
research field, governmental bodies);

A the efficaciousness of their interaction with other professional figures;
A the perception of the social utility of their actions.

Given the complexity of the issues, it is clear that the ethical dimension in geoscience cannot be
entrusted only to the individual sense of responsibility, but it is necessary to develop this
dimension in the academic context (Bobrowsky et al., 2017).

Introducing students and early-career geoscientists to geoethical thinking means transferring to
them the values that are behind the concreteness of their scientific action. Geosciences are
based on experience, this implies that the reference values of geoethics, that must accompany
the practice of geosciences, should be constantly defined and verified in the light of the
concreteness of practical results.

2.10 Resources

Understanding geoethics and adopting geoethical thinking should be favoured by resources
able to transmit essential reference elements about theoretical framework of geoethics.

To this aim two video-pills and the Cape Town Statement on Geoethics (Di Capua, Peppoloni &
Bobrowsky, 2017) are considered complementary resources to this eBook.

2.10.1 Video-pi | | : Al nt geodahics:tefinithon,tcancepts,
areas of applicationo

In this video-pill definition and meaning of geoethics from a philosophical point of view and its
themes are provided. The concept of responsibility its application to the four domains of human
interactions in the geoethical analysis, and the areas of application of geoethics are discussed.
It is highlighted the need to define shared values for taking ethical decision and three groups of
geoethical values are proposed: ethical values, cultural values, social values.

It is emphasized the importance to translate into practice those values through codes of
ethics/conduct and by teaching geoethics.
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2.10.2 Videopi I I : AEt hi cal i ssues and et hical

This video-pill is focused on the difference between ethical issues and dilemmas. The ethical
issue is related to the problem of the choice between two alternatives: in this case one choice is
better than the other one. The choice will be based on a specific reference system built on
social, scientific, economic, cultural, and personal values and beliefs. Taking a geoethical
decision needs accuracy of knowledge on the problem, both in technical and scientific terms,
and assuring an adequate competence for its resolution. In the case of ethical dilemmas, a
choice between different options, all with inevitable negative impacts on society and/or the
environment, and with no right solution in absolute terms, but only with acceptable solutions has
to be faced. The video-pill discusses matters such as the acceptance of the consequences of
the choices, the necessity of compr omi ses, geosci e
geoethical dilemmas.

2.10.3 Cape Town Statement on Geoethics
The Cape Town Statement on Geoethics (CTSG), released officially in October 2016 by the

International Association for Promoting Geoethics (IAPG), is a document that defines the
conceptual framework for the study and application of geoethics. The CTSG is structured into

di fferent sections. The #fPr eambé efdhe statetnent. Ihees t he o
filntroductiono outlines bot h, t he context in whi ch
premises for following a geoethical approach. I'n

formula (originally proposed by Peppoloni & DiCapua, 2015) is included. The s
delineates the scope of geoethics, and why it is essential for the geosciences community and
society. The purpose to embrace geoethics is to improve the quality of research and
professional work and the credibility of geoscientists, to foster excellence in geosciences, to
guarantee sustainable benefits for communities, to protect local and global environments, and
to ensure the conditions for a healthy and prosperous development of future generations. In the

sect i on AFundament al Val ues of Geoethicsodo a set of g
both the individual and the social sphere of geoscientists, in relation to the four ethical domains

to be considered in the geoethiatalPramalse®i sc.onTlaeé ns
Hippocratic-like oath for geoscientists, originally proposed by Matteucci, Gosso, Peppoloni,

Piacente & WasowsKki (2014) , and slightly revised.

document, underlying future environmental and social challenges, encouraging geoscientists to
raise their responsibility, and strengthen the credibility of geosciences in order to secure societal
trust. The final statement stresses the importance (and necessity) of the document for the
geosciences community in the light of anthropogenic global challenges. The CTSG has the goal
to encourage a more responsible behaviour in geosciences research and practice. It addresses
firstly the geosciences community, but has important significance also to society as a whole, as
it synthesizes some values that should guide human actions with respect to the Earth system.
The CTSG is a reference document for the international geosciences community and is
supported by 22 organizations (http://www.geoethics.org/ctsg). The CTSG is translated into 35
languages (Peppoloni, 2018: http:/fliphtmI5.com/ggru/ttwl), so that people can share universal
values of geoethics and strengthen a common identity within the social diversity.

Cape Town Statement on Geoethics
Preamble

The concepts, values and views on individual responsibilities of geoscientists, expressed in the

iCape Town Statement on Geoethics0O gawmdntamimmstoan i nter
capture the attention of geoscientists and organisations, and to stimulate them to improve their

shared policies, guidelines, strategies and tools to ensure they consciously embrace

(geo)ethical professional conduct in their work.

Introduction

Geosciences have major impacts on the functioning and knowledge-base of modern societies.
Geoscientists have specific knowledge and skills, which are required to investigate, manage
and intervene in various components of the Earth system to support human life and well-being,
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to defend people against geohazards and to ensure natural resources are managed and used
sustainably. This entails ethical obligations. Therefore, geoscientists must embrace ethical
values in order best to serve the public good.

Geoethics is an emerging subject, which promotes a way of thinking and practicing
geosciences, within the wider context of the roles of geoscientists interacting with colleagues,
society and the planet.

Only by guaranteeing the intellectual freedom of researchers and practitioners to explore and
discover in the Earth system, is it possible for geoscientists to follow ethical approaches in their

wor k. Li kewi se, only by increasing researcherso

implications of their work is it possible to develop excellent geosciences to serve society and to
reduce the human impact on the environment.

Definition of Geoethics

Geoethics consists of research and reflection on the values which underpin appropriate
behaviours and practices, wherever human activities interact with the Earth system.

Geoethics deals with the ethical, social and cultural implications of geosciences knowledge,
education, research, practice and communication, and with the social role and responsibility of
geoscientists in conducting their activities.

Purpose

Embracing geoethics is essential: to improve both the quality of professional work and the
credibility of geoscientists, to foster excellence in geosciences, to assure sustainable benefits
for communities, as well as to protect local and global environments; all with the aim of creating
and maintaining the conditions for the healthy and prosperous development of future
generations.

Fundamental Values of Geoethics

A Honesty, integrity, transparency and reliability of the geoscientist, including strict adherence
to scientific methods;

A Competence, including regular training and life-long learning;

A Sharing knowledge at all levels as a valuable activity, which implies communicating science
and results, while taking into account intrinsic limitations such as probabilities and
uncertainties;

A Verifying the sources of information and data, and applying objective, unbiased peer-review
processes to technical and scientific publications;

A Working with a spirit of cooperation and reciprocity, which involves understanding and
respect for different ideas and hypotheses; Respecting natural processes and phenomena,
where possible, when planning and implementing interventions in the environment;

A Protecting geodiversity as an essential aspect of the development of life and biodiversity,
cultural and social diversity, and the sustainable development of communities;

A Enhancing geoheritage, which brings together scientific and cultural factors that have
intrinsic social and economic value, to strengthen the sense of belonging of people for their
environment;

A Ensuring sustainability of economic and social activities in order to assure future

generationsd® supply of energy and other natur al

A Promoting geo-education and outreach for all, to further sustainable economic development,
geohazard prevention and mitigation, environmental protection, and increased societal
resilience and well-being.
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Geoethical Promise

The adoption of the following Hippocratic-like oath (the i Geoet hi c al P r -careers e 0 ) by ¢
geoscientists is proposed, to promote respect for geoethics values in geosciences research and
practice:

I promi seé

é 1 will practice geosciences being fully aware of
for the protection of the Earth system for the benefit of humankind.

é | understand my responsibilities towards soci et
sustainable development.

é | will put the interest of society foremost in my
é | wi Imisuse mywyeoscience knowledge, resisting constraint or coercion.

e | wi || al ways be ready to provide my profession:
impartial in making my expertise available to decision makers.

e | will ~cont i nue oflmydeestiamtifigknaviedge | o p me n't

e | wi || al ways maintain intellectual honesty in |
competencies and skills.

e | wi |1 act to foster progress in the geosciences,
the dissemination of the geoethical approach.

é | will always be fully respectful of Earth proces:
| promise!

Final Statement

It is essential to enrich the roles and responsibilities of geoscientists towards communities and
theenvironments in which they dwell, as wel |l as payi
conscience and relationships with colleagues. Human communities will face great

environmental challenges in the future. Geoscientists have know-how that is essential to

orientate societies towards more sustainable practices in our conscious interactions with the

Earth system. Applying a wider knowledge-base than natural sciences, geoscientists need to

take multidisciplinary approaches to economic and environmental problems, embracing

(geo)ethical and social perspectives. Geoscientists are primarily at the service of society. This is

the deeper purpose of their activity.

In the coming years, especially when addressing matters like energy supply, use of geo-
resources, land management, pollution abatement, mitigation of geo-risks, and climate change
adaptation and mitigation, ethical and social issues will be central in scientific discussion and in
public debate. In addition, handling large quantities of data, science and risk communication,
education strategies, issues of research integrity, anti-harassment and anti-discrimination
policies, gender balance and inclusion of those living with disabilities will be major topics for
geoscientists.

Raising the (geo)ethical awareness and competences of the members of the geosciences
community is essential, also to increase trust and credibility among the public. This can best be
achieved in the near future by two means: by promoting more effectively existing guidance such
as codes of ethics/conduct and research integrity statements; and by introducing geoethics into
geosciences curricula, to make geoethics a basic feature of the training and professional activity
of geoscientists.

3 CONCLUSIONS: MAIN CHARACTERISTICS OF GEOETHICS

The 6égeoet hical thinkingé can be |l ocated within bro
conduct of science and the sciencei society interface (Bohle & Di Capua, 2019).
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Initially developed as professional ethics (deontology) inside geosciences (Peppoloni & Di
Capua, 2015a; Wyss & Peppoloni, 2015; Mogk, 2017), and to frame inquiries on the responsible
behaviour of professionals in geosciences and the societal relevance of geosciences (Peppoloni
et al., 2015; Gundersen, 2017; Peppoloni & Di Capua, 2018; Bohle & Di Capua, 2019),
geoethics is increasingly recognised as an emerging subject that goes beyond professional
boundaries to inform human agentsd actions
al., 2017; Peppoloni et al.,, 2019), with well-established conceptual foundations and a
developing framework for its practical application across a growing range of geosciences
disciplines and sectors for assuring sustainable, safety and health conditions to human
communities and protecting biotic and abiotic entities (Peppoloni & Di Capua, 2017; Peppoloni
et al., 2019).

The concept of responsibility is a central pivot in geoethics: the human agent sits at the centre
of an ethical reference system in which individual, interpersonal/professional, social and
environmental values coexist, underpinning their responsibilities at these four levels (named
fithe four geoet hical domai nso) (Peppol oni
Peppoloni & Di Capua, 2017; Peppoloni et al., 2019).

The four fundamental characteristics of geoethics can be summed up as follows:
a) human agent-centric,

b) shaped as virtue-ethics,

¢) geosciences knowledge-based,

d) with space-time context-dependent approaches.

Geoethics is a virtue ethics, placing at the forefront individual, responsible action based on the
adoption of societal and professional reference values. Its development and application are led
by scientists for the benefit of society, within a pragmatic, open and continuous revision
process. Geoethics is grounded on geosciences knowledge to assure an informed and
conscious approach to problems related to human-Earth system interaction. Geoethics is
context-dependent in space and time and so ethically sound choices may differ for similar
ethical dilemmas: geoethics is shaped and informed by a strong awareness of the technical,
environmental, economic, cultural and political limits existing in different socio-ecological
contexts (Peppoloni et al., 2019).
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CHAPTER 5. GEOETHICS AND GEOHERITAGE

SUMMARY

There has been little discussion about the relationship between geoethics and geological
heritage, probably because both topics are relatively new in geosciences and still little
understood. Here we provide a short overview of the relevant concepts of geodiversity,
geological heritage and geoconservation. Palaeontological heritage is specially highlighted, as
fossils are probably among the most threatened elements and need additional, more effective
protection measures. Furthermore, we present some ideas to promote awareness and reflection
in students and pre-professional training of geoscientists around some themes that directly link
geoconservation principles with geoethical issues.

1 GEODIVERSITY, GEOHERITAGE AND GEOCONSERVATION

1.1 Background and main concepts

Geodiversity can be defined as "the natural range (diversity) of geological (rocks, minerals,
fossils), geomorphological (landforms, topography, physical processes), soil and hydrological
features. It includes their assemblages, structures, systems and contributions to landscapes"
(Gray, 2013, p.12). This term was introduced in the first years of the 1990 decade but, after 30
years, it is still generally unknown by the majority of the society. Brilha et al. (2018) make a
review of this concept and show how geodiversity is connected with other natural systems and,
in particular, how it is determinant to guarantee human sustainability based on the use of
extractable and non-extractable natural resources (Figure 1).
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Figure 1. Network of definitions and relationships starting from the concept of geodiversity
(Brilha et al., 2018, p. 20)
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The smart use of geodiversity elements by the society demands a solid knowledge of how Earth
systems work. To obtain scientific data that allow geoscientists to know better our planet, it is
essential to guarantee access to geological materials (minerals, rocks, fossils, soils, landforms)
with some special characteristics. In many domains of geosciences, some of these data are
obtained directly in the field. In other domains, samples are collected for further analysis in the
laboratory. However, in both cases, geological sites that are object of study must be preserved
as evidence of the history of the planet, thus allowing the advance of geosciences (Figure 2).
These places are known as geosites and the set of geosites in a given territory constitutes its
geological heritage (in situ) (Brilha, 2018, in press).

Figure 2. Olivine-rich xenoliths in basaltic rocks. Samples from this outcrop have high scientific
value because they provide important geochemical data to understand volcanic processes
(Lanzarote Island, Canary Archipelago, Spain). Photo by J. Brilha

Geological samples organized in scientific collections available for scientific research are also
part of the geological heritage (ex situ) (Figure 3).

Figure 3. Ammonite specimen in a scientific collection, an example of ex situ geoheritage
(Natural Sciences Museum, University of Zaragoza, Spain). Photo by J. Brilha
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All these special in situ and ex situ geological features should be kept in the best possible
conservation status and must have some characteristics that differentiate them from other
similar geological features. The scientific relevance of a geosite is also attested by national and
international publications directly related to its geological value.

In addition to scientific use, geological sites may have other types of sustainable use. It is the
case of an educational use, when geodiversity elements can be easily understood by students
of different school levels, in addition to have a good accessibility and safety conditions for
students and teachers (Figure 4).

Figure 4. Basalts with columnar jointing as an example of geological site with high educative
value (Iceland). Photo by J. Brilha

In other sites, geodiversity elements are natural attractions that can be used for the promotion
of leisure and tourist activities. For a recreational and tourist use, the aesthetic and cultural
values of these elements are particularly relevant (Figure 5).

___CVA

Figure 5. The aesthetic value and wsifytheuhigm e s s
touristic visitation of this geosite (Brazil/Argentina). Photo by J. Brilha
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The vast majority of geodiversity elements with no scientific value but with other type of values
are designated as geodiversity sites but this does not imply that they should not be protected
and valued following geoconservation strategies (Brilha, 2018).

1.2 Why do we need geoconservation?

Geoconservation aims at the protection and management of geosites and geodiversity sites,
including the management of geological collections. There are specific methods to promote
geoconservation, namely the inventorying and quantitative assessment, statutory protection,
conservation, promotion and interpretation, and monitoring of sites (Brilha, 2018).
Geoconservation measures are needed because many geological sites worldwide are under
threat due to several anthropic factors:

i) Cultural and science illiteracy i Decision-makers and the society in general have a
very low awareness about geology and the importance of geodiversity elements for
the natural capital, ecosystems services, and human well-being. Therefore, public
decisions towards geoconservation tend to be delayed or completely overlooked.

ii) Unsustainable mining 7 In spite mining of mineral and energy resources is
absolutely vital for the human development, unsustainable mining may put many
relevant geological sites at risk.

iii) Urban development i The rapid expansion of cities towards rural areas due to the
human population growth and migration from the countryside to urban areas is
responsible for the destruction of many geological sites.

iv) Deficient statutory protection 7 Without a solid statutory protection at the
international, national or local levels, the preservation of geological sites is fragile
and frequently inconsequent.

V) Inefficient administration 7 A public administration without trained staff, a solid
geoconservation strategy and proper funding, the vulnerability of geoheritage
increases in many countries.

Vi) Smuggling and illegal collecting i Fossils, minerals, and rocks are being stolen from
many countries feeding international smuggling networks that provide huge benefits
to speculators.

vii) (Some) scientific research i There are geosites strongly affected by deficient
scientific sampling procedures that do not take into account the different types of
values of some outcrops.

viii) Unsustainable tourism and leisure activities T Mass tourism in areas with fragile
geological features (for instance, caves, soft and unconsolidated substrates, rare
fossils) can negatively affect many geological sites.

Geoconservation should be also considered an applied geosciences (Henriques et al., 2011). In
fact, mainly during the last two decades there is a growing volume of scientific knowledge
developed using specific methods. In addition, there are research schools and teaching that
produces master and PhD theses, discussion among experts in scientific events of all types,
and publication of peer-reviewed papers in dedicated indexed scientific journals. All these
characteristics are typical of any other geosciences.

2 PALAEONTOLOGICAL HERITAGE
Among the different elements of geodiversity, fossils are particularly affected by many of the
threats mentioned above. Accordingly, the palaeontological heritage is here highlighted as it
demands strategic and more effective protection measures.
2.1 Generalities about fossils and palaeontological heritage
Fossils are any evidence (remains, impressions, moulds, casts, traces, biochemical molecules,

etc) of once-living organisms from a past geological age that are preserved in the materials of
the Earth's lithosfere (i.e., they are mostly found in rocks with a sedimentary nature). They
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represent a relevant component of geodiversity with the unusual capacity to connect people
with our natural environments and also, importantly, with our origins and past. Fossils inform
about the environment where past organisms have lived and, together with their surrounding
environment of deposition (usually, the environment of accumulation of the sediments
corresponding to the rock in which fossils are found), give palaeontologists a fuller
understanding of the history and evolution of the life on our planet.

Given the exceptional nature of the process of fossilisation, a fossil is, by definition, a unique or
rare and non-renewable natural object and, as such, a highly valuable asset (Henriques & Pena
dos Reis, 2015). However, in all fossils we can find the convergence of three different histories:
i) Since a fossil is the evidence of a once-living organism, it is the result of an evolutionary
history and, as such, it informs about the past life on Earth and the relationships with current
biodiversity. ii) Since the humankind forms part of this evolutionary history, fossils inform as well
about our own history as living beings (hence, the evolutionary anthropology or the study of
humankind from a palaeontological perspective receives a lot of attention), but also about our
changing role in nature and our relationships with Earth. iii) Since a fossil is the result of a
fossilization process (a complex natural biological and geological process), it has also its own
geological history that could be different of the rock containing it and that still continues while it
is not removed from the site. Palaeontology, or the study of fossils, is then placed at the
intersection among geological, biological and archaeological/anthropological disciplines. The
palaeontological heritage shares, therefore, common characteristics with both our natural and
social/cultural/historical heritage (despite ongoing debate among some geo-researchers), and
cannot be interpreted or studied without this synergetic perspective. In common with the natural
heritage, fossils are formed in and by nature; while the obvious link with the
social/cultural/historical component is the popular fascination of fossils that lead to collection of
these elements for hobby ( A | c&avior8les, 1994).

It is also important to underline that fossils are an evidence of the evolutionary theory, which
can raise conflicts with religious beliefs (science vs. religion) because they are real evidences of
past life and extinctions. Due to these singular features, it has been argued that
palaeontological heritage can be a separate entity from geoheritage, despite fossils are
geodi versity el &8goeallog, 2000flel ®nde z

The scientific value of fossils is due both to the fossil itself and the rocks containing it. Then, the
term palaeontological heritage refers to both a "set of rocks containing fossils, the
palaeontological sites, and all the fossils extracted from them". In this sense, it is comparable to
other geoheritage such as the mineralogical and the archaeological heritage.

2.2 Management of palaeontological heritage

Fossils are valuable objects that offer some type of benefit and are of interest to society. There
is a plethora of reasons that attract people to fossils (which is particularly evident for dinosaurs
and anthropoid primates) which, on one hand, can contribute to promote learning for students
and public in general (since they explain something amazing) but, by the other hand, may result
in a direct, serious impact and a hazard for the integrity of the fossil record. There is a long and
complex process from the discovery of a fossil in the field (which requires actively searching
likely deposits and careful excavation of the fossil) to its incorporation into a collection and use
in exhibition and dissemination, that can be synthesised as follows:

1) finding --- 2) extraction --- 3) preparation/conservation --- 4) collection management --- 5)
study/publication --- 6) exhibition --- 7) dissemination.

Usually, only macrofossils (i.e., fossils that are visible at the naked eye) are used for exhibition,

while both macro- and microfossils (i.e., fossils that can only be seen with a magnifying glass or
a microscope) are equally relevant to the scientific knowledge and research (Figure 6).
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Figure 6. a) Skull (MPZ-2006/285) in ventral view and b) complete jaw (MPZ-2006/6) of a
middle Miocene (~12 million years) rhinoceros Alicornops simorrense as an example of
macrofossil. Images provided by the Natural Sciences Museum, University of Zaragoza, Spain.
c) Specimen of a planktonic Foraminifera Eoglobigerina (Arenillas & Arz, 2013, p. 164) and d)
micropalaeontologists at work

A palaeontological site is a particular location (or group of nearby occurrences) in which fossils
(of any type and concentration) are present (Al ¢ & IM8rales, 1994). It is evident that not all
fossil occurrences are palaeontological heritage, such as not all paintings are art nor all the
territory of a country can be declared as geoheritage. This is clear in the case of microfossils, as
they are components of many sedimentary rocks (Figure 7). Microfossils have been neglected
in geoconservation, but type-localities and stratotypes that are formally defined on the basis of
microfossils are relevant components that need to be considered as palaeontological heritage
as well.
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Figure 7. Microfossils (alveolines) in limestones. Photo by J. A. Arz

In a first step, palaeontologists have to decide which fossils and sites have the sufficient
importance to be considered as palaeontological heritage and, once decided, how to manage
them in the proper way. There are three different groups of criteria that may help to resolve this
task (Alcal§ & Morales, 1994):

i)  Scientific criteria i Nature of fossils (fossils of exceptional importance); geological age
of the rocks; type localities (i.e., those from which certain species have been first
recognised and formally defined); degree of preservation; association with
archaeological remains; diversity of fossils (for example association of plant and animal
remains); taphonomic (i.e., the process leading up to preservation or fossilisation)
information; bio/chronostratigraphical relevance (sites which date important geological
formations at international level); wider geological interest; and level of knowledge (sites
that have provided new knowledge about a particular topic).

i) Socio-cultural criteria i Fragility; geographic location; vulnerability to damage; historic
value; educational interest (a criterion of special relevance to this chapter as it informs
about the potential of a site for use in education); touristic interest (similar to the
previous); and complementary value (sites in places already protected for other
reasons).

iiiy Socioeconomic criteria i Urban value (sites in urban areas potentially available for
development); mineral value (sites associated with mineral exploitation); public works
(sites linked with works); and economic value.

Note that many of these criteria might create various ethical conflicts and consequently are
directly related to geoethics. For example, public works (especially for transport, water and
power), mining activities, engineering projects, etc. can destroy sites of relevant importance to
palaeontology, but they can also allow the discovery of new fossil occurrences. Also,
conservation is needed to protect fossils and sites from loss and destruction through illegal
sampling and also to regulate the selling and exportation of fossils.

In terms of regulations, and because palaeontological heritage is considered a type of heritage

in many countries, there are legal measures for a correct protection and management of fossils
and palaeontological sites. These laws vary widely from country to country, with some
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governments being less strict than others (Wimbledon & Smith-Meyer, 2012). A relevant
difference among countries concerning fossil collecting is the private or public ownership of the
surface and underground.

3 GEOETHICAL ISSUES RELATED WITH GEOHERITAGE

It is evident from all the above that geoheritage offers great opportunities to provide education
of geosciences for the benefit of citizens and also to promote a reflection on a plethora of
aspects. Thus, geoparks, geosites and museums, among other resources, can be successfully
used as tools to support geoethics learning and facilitate student training. However, the
inventory, conservation, and management of geoheritage raises some geoethical issues that
are still poorly addressed in the literature. Some of these issues are briefly presented in the
following paragraphs, with the purpose to trigger reflective learning and not to give a final
answer to some of the dilemmas.

3.1 lllegal collecting of geological specimens (fossils, minerals,
meteorites)

In recent years, the popularity of fossils (and minerals to a lesser extent) as collectible and
commercial items has significantly increased. Most probably, this is in part attributable to the
growing prominence of dinosaurs in movies and TV shows, as they are attractive and
fascinating elements for the public. As a result, commercial collections have dramatically
increased, creating competition for scientific collectors, although the commercial appropriation
of fossils and minerals is illegal in many countries.

Commercial collecting raises therefore many ethical issues and has a detrimental effect on both
education and science, as fossils, minerals and meteorites are irreplaceable educational and
scientific objects. Picking up small fossils or minerals, or invertebrate fossils, seems harmless
enough, but, should amateur collectors be allowed to collect them? And what about professional
geoscientists?

For instance, the increase in the economic value of fossils has limited the possibility of public
museums and educational centres with tight budgets acquire fossils for their collections.
Concerning science, the irresponsible sampling of geological specimens by amateurs and
collectors has led to a scientific loss of valuable specimens. The sampling of fossils without
following a correct (scientific) protocol contributes to a permanent loss of information of the
surrounding environment of deposition and the geological context, many times of much more
interest for palaeontologists than the fossil by itself.

It is therefore crucial to promote sound criteria to assist geoconservation actions and determine
what regulations are needed for the inventory, evaluation, conservation, valuation and
monitoring of the palaeontological heritage. Public administrations in charge with the
management of geoheritage should be assisted by geoscientists, particularly when they have a
|l ack of staff wi t h & Moralgs,el994)t Some regionay adrlimstratiang i8
Spain are a good example of management as they have already included a professional
palaeontologist in their regular staff.

3.2 Smuggling of geological specimens versus economic revenue of
deprived communities

Another perspective concerning illegal collecting of geological specimens is related with
economic and social issues in local communities. In some countries, the collecting of minerals,
fossils and meteorites is a source of income for many poor families in rural areas. Without
alternatives, this activity is the only resource available for non-educated people and with
guarantee of a regular income flow.

In many places, like in the Tafilalet region (Morocco, North Africa), the search and massive digs
of fossils for commercial purposes is leading to the destruction of sites and specimens
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( Gut i-Marco & @ a r eBellalo, 2018). However, this is not all bleak and the same trade of
fossils can bring a benefit for science, as there are thousands of new findings (especially marine
invertebrates such as trilobites and cephalopods) thanks to massive exploitation of fossiliferous
layers, which allow a better understanding of taxonomic, taphonomical and palaeoecological
aspects of past organisms.

3.3 Selling of fossil replicas: fakery or handcraft

Many fossil groups are very limited in the number of specimens and therefore it is not possible
to have them in museum collections all over the world. For such groups, the production of
replicas is an excellent solution. In several natural history museums, the fossil exhibition is
almost entirely based on replicas, particularly in what concerns complete skeletons of dinosaurs
or other complex, heavy animals.

The production of replicas can be seen under three different perspectives:

i) As an educational and scientific resource i When the availability of real fossils is limited
and expensive.

i) As a handcraft i When artistic fossil recreations are produced and sell as any other
economic activity (Figure 8).
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Figure 8. Traditional selling of minerals and f oss]|
right can be considered an example of local handcraft. Photo by J. Brilha

iii) To simulate true fossils with a clear purpose to deceive (particularly non-expert) buyers.

Countries where fossil fakery is common include USA, Colombia, Peru, Russia, Germany,
France, and (especially) Morocco (with marine trilobites) and China (with Archaeoraptor being
one of the most conspicuous recent fossil fakes).This practice has a negative impact on both
science and society, as many of the fake material can be difficult to identify as such (sometimes
even to experts) and is sold at higher prices to museums and educational institutions where it is
exhibited as a real fossil (Budik & Turek, 2003).

The production of fossil replicas with a licit aim may decrease the pressure on limited outcrops
and can constitute an economic alternative for local populations.
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3.4 Mining and development works: a threat or an opportunity

Mining and urban development can lead to the destruction of many geological features with
scientific, educative, and touristic values. Sometimes, mining companies are interested in
exploring a certain area where geoheritage has been already identified, causing significant
impacts on this natural heritage.

However, mining activities and public works give access to rocky massifs where new geological
occurrences with geoheritage relevance may be identified. Mining of fossiliferous formations is,
quite frequently, a source of new fossils that can lead to the identification of new species. The
same happens with mineralogical heritage. Many mineral samples with scientific value are only
available because mining exploitation brought those samples to the surface. The truth is that
without mining, many important mineral and fossil specimens would remain completely unknown
for science.

The palaeontological site of Lo Hueco (in Central-East Spain) is a good example of potential
conflict between infrastructure development and preservation of palaeontological heritage (see
Educational Resource). This site yielded in 2007 an enormous and unusual concentration of
Late Cretaceous dinosaurs (70-80 million years) (Ortega et al., 2008; Barroso-Barcenilla et al.,
2009) thanks to the works carried out for the construction of new high-speed railway. There
were no signs of any fossils in the surroundings, but a new palaeontological heritage came to
light. Fortunately, the railway works stopped for a while to facilitate the identification,
documentation and protection of fossils. After this research, it was possible to introduce a
modification in the construction works of the railway in order to protect the site. This was an
exceptional example of cooperation between the company ADIF (Administrador de
Infraestructuras Ferroviarias) and the palaeontologists, with mutual benefit for the government,
the society and the conservation of this heritage.

35 Mineral and fossil shows: an educational occasion or an incentive
for smuggling of geological specimens

Mineral and fossil fairs/shows/festivals are organised all over the world. Some of them have
already a worldwide recognition, such as the Tucson Gem and Mineral Show which gather each
year around 4000 trade companies in Arizona, USA. Smaller events are frequently organized by
universities and museums, with the participation of professional sellers that display fantastic
specimens and, of course, with the purpose to do business (Figure 9).

Ly |

Figure 9. Example of vitrines showing several samples of minerals in a fair (left; Photo by J.
Brilha) and a replica of Tarbosaurus skull from Mongolia in a shop (right; Photo by B. Azanza) to
sell

While these events may have an educational character, raising awareness of the public for a
usually less known natural world and eventully stimulating young people to follow a geoscientific
career in the future, one should question about the provenience of all the samples displayed in
these events.
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Were they collected following the national legislation in each country? The local collectors in
remote areas and many times in poor countries were they properly paid for their work? Are
there fossil and mineral sites with high scientific relevance being lost due to overcollecting to
feed the international market? Are countries aware that their natural heritage is going out of the
country? Do these countries collect taxes as they do for any other commercial activity?

These are just some of the issues related with fossil and minerals shows that should be
discussed under a geoethical perspective.

3.6 Location of vulnerable geosites: reveal or keep secret?

There is increasintg interest on geotourism, both by promoters and visitors (Dowling, 2011). In
spite it is not restricted to geoparks, the strategy of the 147 UNESCO Global Geoparks is
strongly supported on geotourism. Geotourism promotes the visit to geological features, not
only focused on geological interpretation but also on the links that can be established between
these features and biological and cultural character of communities. Geological sites with high
aesthetic value, good accessibility and safe visiting conditions can be converted into touristic
attractions with high potential to generate an economic activity.

What about if a geological site with high geotourism potential is vulnerable due to an intrinsic
fragility of the geological element or due to possible physical degradation caused, intentionally
or not, by visitors?

Should a manager open a certain geological site to visitors when it is not possible to guarantee
its conservation? Fossil sites are a good example of this dilemma. Many fossils sites have the
potential to attract visitors but, without proper conservation measures, these visitors may collect
and vandalise fossils, contributing to the loss of the site value and consequently to a decrease
of the number of visitors.

In geological sites, there is always a risk that tourists collect and take fossils, rocks, minerals,
etc. What about if this activity is allowed in informal sites or fossil parks where visitors
appreciate the opportunity to "act like a palaeontologist" (Figure 10)? Despite fossil parks may
have an educational character, one should question about the ambiguous message that is
being presented concerning geoconservation.
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Figure 10. Invertebrate fossils on the surface can be easily collected by visitors. Because
fossilisation is a continuous process, once fossils are freed from the rock they are more
susceptible to be incorporated in future rock bodies by current geologic processes (for instance,
they could be dragged, damaged and deposited in other place by a flooding) if they are not
collected. Photo by N. Kelpg ai t &

3.7 Artificialization of show caves: a way to promote visitation or aloss
of value

Karst caves are one of the most popular nature attractions in the world. The underground
environment raises a great curiosity among children and adults due to uncommon landforms
such as stalactites and stalagmites. During the 20th century, many caves were heavily
developed to receive a growing number of visitors. Quite frequently, these development works
have introduced a great disturbance in the natural environment, with significant changes in the
accessibility and visiting conditions, such as paved trails, artificial lightning (sometimes very
colourful), music and even some artificial structures such as benches and stairs, not rarely
implying destruction of some natural features (Figure 11).
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