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GEOCONSERVATION GUIDELINES FOR PATAGONIA VERDE (SOUTHERN CHILE):
TOWARDS ITS RECOGNITION AS A UNESCO GLOBAL GEOPARK.

Abstract

Patagonia Verde is a territory located in the Southern Andes, conformed by the municipalitie
Cochamd, Hualaihué, ChaitéeEfit and Palena. It has 19,21aridra population density of close
to one inhabitant per square kilometre. This area has an outstanding natural diversity, and a signif
part of Patagonia Verde's territory is devoted to conservation, puteetiesl fareas cosleout
28% of the region. Bet ween 2017 and 2020, a p
t he Patagonia Verde tourist destinationd6 was
those sites of geotounsinie. The objective was to elaborate, together with the guides of the territory
on different routes that could create a new altereatimerfodevelopment. However, other sites of
scientific and educational value emerged during the project ahoveeu ment ed by t he
madeup of an interdisciplinary group of professional and undergraduatEhstylesémiork
compiled and integraaéldhe generated information and praduceekntory of 91 sites of interest
organised according to their attributes. Subsequently, a quantitative analysis of these attributes alls
the generation of management categories and the pevpas@brofplanTogether with this, a
managementrgtture is proposed to carry them out and ensure the sustainable use of the identifie
geological resources. Based on the results obtained, it is concluded that the Patagonia Verde destit
has geological values of national and international aslévaoseof the sites have the potential to
be used in education and geotourism progrémsnésped thatetlproposedeoconservation
guidelinesontribute tthe consolidatioof the Patagonia Verde Geopark project, which is currently

promotedly theAssociation bbbcalGuides of the territory.

Keywords: Patagonia Verde, Geod@edibgical Heritageoconservati@seotourism,

Guidelines



DIRECTRIZES DE GEOCONSERVACAO PARA A PATAGONIA VERDE (SUL DO CHILE): PARA
O SEU RECONHECIMENTO COMDGEOPARQUE GLOBAL DA UNESCO.

Resumo

A Patagonia Verde é um territério situado nos Andes do Sul, compreendendo as comunas
Cochamd, Hualaihué, Chaitén, Futaleufu e Palena. Tem 19.212 km2 e uma densidade populacion:
cerca de um habitante por quilometro quadrado. Esta area temdimaaaxlirsosidade natural,
e uma parte importante do territorio da Patagonia Verde € dedicada a conservacao, onde as suas
areas protegidas cobregnca dd28% da regido. Entre 2017 e 2020, foi lancado um projecto
denominado "Desenvolvimento deqsolé geoturismo no destino turistico da Patagdnia Verde" para
documentar e avaliar a sua geodiversidade, especialmente os sitios de valor geoturistico. O objecti
elaborar, juntamente com os guias do territorio, diferentes rotas que pudesseraaltarnativa
para o desenvolvimento econémico. No entanto, durante o projecto, outros sitios de valor cientif
educativo emergiram e foram documentados pela equipa do projecto, formada por um gru
interdisciplinar de profissionais e estudanégsitarios. O presente trabalho compilou e integrou toda
a informacgéo gerada e produziu um inventario de 91 sitios de interesse organizado de acordo co
seus atributos. Subsequentemente, uma analise quantitativa destes atributos perdstiu a geracéa
categorias de gestdo e a proposta de um plano de ac¢do. Juntamente com isto, € proposta uma estt
de gestdo para os levar a cabo e assegurar a utilizagcao sustentavel dos recursos geoldgicos identifi
Com base nos resultados obtidos, sequkiio destino Patagonia Verde possui valores geolégicos de
relevancia nacional e internacional, e que a maioria dos sitios tem potencial para ser utilizada
programas de educacdo e geotuksperse que as directrizes de geoconservagao propostas
contibuam para a consolidagdo do projecto Geoparque Patagonia Verde, actualmente promovido

Associacgdo de Guias Locais do territorio.

Palavrashave: Patagonia Verde, Geodiversidade, Patrimonio Geoldgico, Geoconservag

Geoturismo, Directrizes.
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DIRECTRICES DE GEOCONSERSI®® PARA PATAGONIA VERDE (SUR DE CHILE):
HACIA SU RECONOCIMIENTO COMO GEOPARQUE MUNDIAL DE LA UNESCO.

Resumen

Patagonia Verde es un territorio ubicado en los Andes del Sur, conformado por las comuna:
Cochamdé, Hualaihué, Chatétaleufu y Palena. Tiene 19.212 km2 y una densidad de poblacién
cercana a un habitante por kilbmetro cuadrado. Esta zona cuenta con una destacada diversidad na
y una parte importante del territorio de Patagonia Verde esta dedicada a,|dcodsasnsciano
areas protegidas cubarededor d28% de la region. Entre 2017 y 2020 se puso en marcha un
proyecto denominado "Desarrollo de productos geoturisticos en el destino turistico Patagonia Verde
documentar y evaluar su geodiversidad, especialmente aquellos sitios de valorlgjetwaristico. El o
era elaborar, junto con los guias del territorio, diferentes rutas que pudieran crear una nueva altern
de desarrolleconomicdin embargo, durante el proyecto surgieron otros sitios de valor cientifico y
educativo que fueron documentadelsepgoiipo del proyecto, formado por un grupo interdisciplinario
de profesionales y estudiantpsagi@do. El presente trabajo recopilé e integré toda la informacion
generada y produjo un inventario de 91 sitios de interés organizados segURGsts atrimeote,
un analisis cuantitativo de estos atributos permitié generar categorias de gestién y proponer un ple
acciéon. Junto a esto, se propone una estructura de gestion para llevarlas a cabo y asegurar el
sostenible de los recursos gamsddentificados. En base a los resultados obtenidos, se concluye que
el destino Patagonia Verde posee valores geoldgicos de relevancia nacional e internacional, y la m
de los sitios tienen potencial para ser utilizados en programas de ectlucsoniBe/ €spera que
las directrices de geoconservacion propuestas contribuyan a la consolidacién del proyecto de Geog

Patagonia Verde, que actualmente impulsa la Asociacién de Guias Locales del territorio.

Palabras clave: Patagonia Veedeljersidad, Patrimonio Geoldgico, Geoconservacion,

Geoturismo, Directrices
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Introduction

Patagonia Verde is a territory of 19,2fttakivelongs to the Lake DigRagyon deos RiQs
in soutbrnChile and includes the municipalitieshain@p Hualaihué, Chaitén, Futaleufi and Palena.
To the east is the Great Island of Chiloé, and between the two territories, thei@Gs@icadad
flood the central depression and give rise to many islands, fijords and canals. It has a population de
of close to one inhabitant per square kilometaeoward?8% of its territory is protedbgdthe
Pumalin, Hornopirén and ComdattbnalParks and the Futaleufd and Lago Pddgioaal
Reserves. Patagonia Verde is characterized by a pristinevi@msisedipeywnand villagabat
maintain their customs and traditions linked to fishing and cattle raising. Patpcmingadd ecolo
cultural scenic values are recognized worldwide and visited by hundreds of thousands of tourists ani
whovisit and travel alothige weknown Carretera AusfildE, 202 However, much of it is

concentrated inresolidatedestinations aattractions such as the Llanquihue Lake basin, the Cerro

Castillo National Reserve and the Torres del Paine National Park.

Figurd Built in 1989, the Yelcho suspension bridge connected soglpeistiGddzid previously
inaccessible territories.




Since 2015, through thevernmental initiative caifstainable development destjnation
Patagonia Veédthe aim has been to enhance the value of natureamdlgastronomy of the
territory to establish sustainable tourism as a fundamental tool for economic development.

In thisareaof the Andes, geology and its diversity are prominent in the landscape. Colossal gran
mountains, fjords, glaciers, riversphiagsand volcanoes form a rugged landscape with unique
ecosystems and life forms adapted to frequent volcanic eruptions, eadhtpradsiles.
Understanding these processdtbie geological evolutibthis territorg fundamental for lause
planning and geohazard response.

Between 2017 and 2019, a multidisciplinary team from the Austral University of Chile made .
inventory of some relevant elements of geodiversity. The irpamtoltyenaeject "Development
of geotourism prottufor the destination Patagonia, VataeDistricand aimed to create several
routes twisitsome of the territory's main attractions and improve the existing geolodpgal narrative
trainnglocal guide3 hus, geotourism wemmotetb generateformal education instances and boost

the local econoi®chilling et al., 2020

Moreoveopportunitidercollaboration were generated between thélgundesicipalities and
professionals of timstitutions of the territory (¢agional Forestry Corporation (CONAF), National
Geology and Mining Service (SERNAGEOMIN), National Tourism Seryice (@SERMATUR
workshops and meetings, where common objectives and development persptictatbsiveer
Declaration of Hualaiffueex .4)

At present, tihecal tounperatorsf Patagonia Verde have formed an association that aims, among
other issues, to promotectiresolidatiasfthe Patagonia Ve@opark project. To this end, although
significant progress has been made in identifying and charactecsimpgilisite$h different
documents generated is still nece$sahomogenisation and creatiosysteanaticwventory,
together witthe definition guidelines for the sustainable use of these geological resources, are
fundamentatepsto achieving théenbitias objective. In this context, the present thesis work is

developed, which seeks to satisfy these territorial needs.



1.1 Objectives
A. Main Objective

Develop guidelines for the sustainable management of geodiversity in Patagonia Verde that
serve as a basws the establishment of the Patagonia Verde etk led by the Association

of Patagonia Verde Local Tourism Guides.
B. Specific objectives

I.  CharacteriZgatagonia Verdegslogygeodiversignd the threats that may affect it.
li. To generate an inventottyegfeodiversitf Patagonia Veaselanalyséheuse potentiaf
the different sites inventoried.

iii. Propose guidelifesthe management of the geodiversity of Patagonia Verde.

1.2 Methods
A. Toachieve the specific objective:

Different types of existing publications in the studyeam®cted and analysed for the
development of a summary with a holistic view of thef Ratégonia Verdath an emphasis on
geology, igediversity and thredtsaddition, the author's notes and observations from the various

fieldwork campaigns, workshops, meetings and seminars carried out in Patagonia Verde have been
B. To achieve the specific objectiva:

The documenggenerated bye technical team of Batagonia Verde Geotourism pvibfect
unpublished data collected by the author in the different territomerectimpded and analysed
tobuild ughe inventory of Patagonia Vidrdevorkflow of this work is basbd proposal of Brilha
(2016 2018, where the following stagexecarried ouDefininghe topic, the value, the scale, and
the aim of the invent@wfinition of geological coniatkgyund collectio8iteSelectiofriteria;
Fieldwork: identification, selection and preliminary inventolgvehitgroposaQuantitative

Assessment and Data Analysis.
C. To achieve the specific objectivéi:

The quantitative assessment regrgsised to generate different management categories.
Then, a geodiversity actionn@goroposed to manage the inventoried sites. Finally, an administrative

structure to implement the actiowglsuproposed



1.3 Concepts
A. Geodiversity

Geodiversity the variety of geological (rocks, miaedildossils), geomorphological
(landforms, topography and physical processes), pedological and hydroloGical.etéiyénts (
constitute the substratum that supports and conditions the different forms of Jifeaturehis way
composed of a liviagd an abiotic part, whose relationship is insedarabolem somecases,

the heterogeneity of living organisms is conditioned by the variety of abiztieglenentarjl

NATURAL DIVERSITY

I v 4
Elements ~"~“”
}hpu "
Abiotic Biotic % "‘%
GEODIVERSITY >| BIODIVERSITY
It provides sustenance to all
living beings

Figure Schematic depicting the link between geodiversity and biodiversity

B. Geodiversity Values

Geodiversity can be valued according to its characteristics and utilities for human activiti
Typially, the economic value is the most widely recognised, given the direct benefit to society from
extraction, use and sale of geological resources, He@ngeological resource can also be used in
other ways without necessarily being extracted. In this way, stigr &albestage value, usually
broken down into three values: scientific, enlduaakthetic (linked to tourism), can also be
fundamental fdevelopingpcieties and local economies.

A complete analysis of the values of geodiversity implies that there are many more aspects
consider. Briln2005, based oray'sA009 work, sets them out as follows:
A Intrinsic value Refers to the belief that geodiversity has value simply because of what it is,
independent of whether or not it has any use by humans.
A Cultural value Conferred by humans whstrong interdependence is recognised between social,

cultural or religious development and the surrounding physical environment.



A Aesthetic value Subjective attribution related to the perception of a place, the sensation it can
produce or the beautsitaited to it.

A Economic value Moreobjective and related to the possibility of generating an economic benefit
through a geological resource.

A Functional value Generally not applicable to nature conservation and linkedtioaleue
that geodiv@ty has fdrumankindr as a support for physical and ecological systems on the earth's
surface.

A Scientific and educationalalue where geodiversitfisgamentébol for understanding the

Earth's history, necessary for scientific research aautffoci@aimal education.

INTRINSIC AESTHETIC SCIENTIFIC EDUCATIONAL
p ~cald : : - T | ; ~£‘ e_“‘r, £

Figure8 Examples of Geodiversity and different types of values

C. Geosites & Geoheritage

BrilhaZ019 propose thdte geodivers#ynost relevant elements, given their scientific value
tocontribute tonderstanding the different processes occurring ame Ealtigl Geoheritage. When
these elements are in their place gftbagiare referred to as GeoSitesrwisessentialements
of geological heritagyeeh as fossils and minerals stored in collaaioaed Geoheritage elements
All sites that dotr@ave exceptional scientificwatue | d be referred to as 0
The author strongly agrees villta B 19 that the term Geosite should be restricted to sites

of outstanding scientific yalug another term should be used for sites which, given other values, are



also candidates for a geoconservation strateggsdhiisgeems consistent with the spirit and

purpose of the international Geosites progvaema¢he desire is

otoidentify and document, not token examples, but those features, sites and areas-which give an
depth understanding of the Earth's evolutionary story, that show broader patterns, and which allc
comparisons and correlations. In our balanced compifetilonaf or global inventerjook
therefore to includesttzrains which show significant stages and events, the special and, especially,
the representatiddimbledon 999 p7)

In this sense, and accordinglt@B019, this distinction can avoid giving the authorities the

impression that a geosite is not rar@queand thereforeno particulamanagement actions are

needed

Figurel Geosite of Patagonia /Bfalene rocks of Ica Isldisabrigin is related to the most relevant marine

transgression of the Cenozoic in Patagonia, which occurred during the late Oligocene and early Miocene

Also, it isvorth ntingthat in Chil@s in many other countries, there are diffenaigiement
categorieisn t he current | egislation to protect 0g¢g

valueFor instang&latural Monuments, Nature Sanctuaries or Paleontol@gicaigittserallow



activities such as geotourism and edundtimsense, a geotourism programme could be composed
of visits to geosites and other sites on the territory.

So, instead asing the term "geodiversity aitel’ categofgr those sitegorthy of other
values, the author prefers to use one of the already indio@ed Matase Sanctuary or potential
Nature Sanctuarfhe reason for thishato d i v e relatd tbavarietypf $eatureanddceesnot

necessarily better representé@mpe c c ur r ences 6 | i ke a stone s he
waterfall veildéd. Therefore, the author belie
linguistic point of view but also creates a new category that overlaps with existing ones, gener:

confusion.
D. Geotourism

Geotourism is a branch of nature tourism basetermtanding geological heritage and
appreciatingeodiversity. Moreover, itasirism niche that stands out for ensuring a scientific culture
based omnderstandinglief, rocks, fossils and other elements of geodiversity in all its dimensions,
including aesthetics. In this way, its sbopaesthan other types of toul@mwling, 20).3

It differs from mass tourism, which is often a catalyst for the degradation of sites because
seeks to educate and make people aware of their entirerwakrg of the territory, thed
geological preses that take place there. Consequently, any modification or damage to the natur:
heritage idirectly detrimentalthis discipline.

One of the recently adopted definitions is that d@rdubeidefines Geotourism as "Tourism
that supports and enhances the identityegbmconsidering its geology, environment, culture,
aesthetics, heritage and thebeieli of its inhabitants. Geological tourism is one of the multiple
components of geotifi

Geotourisiseeks to showcase geological heritagaitiiealtes and aalynamic agent of
the local economy. It is afsar@ovation opportunity for the tourism industry, with new challenges for
new destinations because the profile of tounistsaistly evolving and the usual destinations with
transformations in the environment (e.g. engineering works, buildings, urbanisation) are becoming
and less valued.

Unlike other disciplines, such as ecotourism, which only occurs in natuvabrmeas)dNe
Dowling2010 argue that geotourism occurs in natural andnodgified areas. In this way, it is
possible to take up traditional tourism attractions (activities, accoisitsgtatiothers) inviaur

of understanding and conservation of nature.
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Figureéb Geotourism and birdwatching in the Rio Negro wetland, Hualaihué.

Pereira2010 points out that the threats to geotouriatscttiese affecting geological heritage,
geodiversity and the rural environment, exhibiting them as:
I.  Educational:Related ttheilliteracyegarding the values of geodiversity and the existence of
"alternative conceptiansustainable development.
ii. Political: Related to the fact that geological hemitadareas andatural landscapes are
ignored or devalued indem®planning and development matters;
iii.  Economial: Due to the exploration/exploitation of renewabla-@nelnaile resources and

unsustainable forms of tourism.
E. Ecosystem services and Geodiversity.

National GeograpRig2? define an ecosystem as a geographic area where plants, animals,
and other organisms, as well as weather and landscapes, work togédifiedsubibiarasystems
are composed mwbticparts (e.g. plants, animals, and other organisaisdtEngrts(e.g.rocls,

temperatur@andhumidity



The proper functioning of ecosystems pvavidesservices to societgd the natural
environmensuch as the water we drink or the soils we cultivate, improving people's health, econor
and quality ofidi Theskenefitsresulting from the functioning of ecosystdmeyaas Ecosystem

Services

GEOSYSTEM
SERVICES

Figure Geosystem services and Divisions. Modified from BeilHa etfedr, Grag (13

The Natural Capital Coalition defines natural capittah@& st ock of- r ene\y
renewable resources (e.g. plants, animals, air, water, soils, minerals®y tbayielh@dihow of

benef it §attira Capieldpalitienop i this sense, natural capitalprise&eodiversity

and Biodiversity, as dthes ecosyster®o, amore economaicapproach to ecosystsenvices
considers thaatural capital stdtdws essential benefits to soGiety, (2019



Neverthelesgjven the general exclusion of abiotic nature from the ecosystem services
approach,Gr&03 wuses the term 0 Geexambegeods addeserwcesc e s 0
related specificallygeodiversifjhen, Geodisgy elements and processes contribute to ecosystem
service based on their diversity of vétimse B3 Gray4013 presents these valussientific,
educational, economic, culimadestheticamong othersn detail and establishes the link between
the value and the type of use.

Brilha et al2018 use the Millennium Ecosystem Assessment system, which classifies ecosystel
services into four grofifsures).

A Regulating serviceshow natural processes regulate the environment.

A Supporting servicesthe processes that sustain natural environments

A Provisioning servicesthe natural materials that are used by society.

A Cultural servicesare the narangible elements of the natural environment that benefit society

spiritually or culturally.

The geodiversity of Patagonia Vardensequencedfferent geological procesdaish, in
addition to its function as reguad support of ecosystems or proesiser@d resources such as

water, is a source of knowledge and culture closely linked to the territory.
F. Geodiversity & sustainable development goals

Theecosystentan be consideradimited stock of natuedources, essential both for the
maintenance of the ecosystem itself and for dewiklbigigrms and human socittegevitable
to conclude that there must be a balance between theerdsactexdand used andetinesessary
for ecosystes to remain healthy and to continue to provide essentmld@&yiaeder. Under this
argument, the concept of "sustainability” and "sustainable development" arises in which the developr
of present societies and the use of natural resoutcasjmomise those of future societies.

In 2015, the smlled Sustainable Development Goals (SDGs) were formally adopted by th

United Nations member stgteited Nations, 2().IBhegoalsvere tend unsustainabteasumption

patternsfacilitate sustained and inclusive economic growth, social development and environmer
protection, and eradicate global poxertdifteeryear timeframe (2@2H30).

Maintaining and caring for ecosystemsauitisalgring abiotic elements is not enough to achieve the
SDGs. Documentation and monitoring geodiversity and geosystem services aré&alsodtecessary (

et al., 201p GillZ017 first vigalised the critical role of geology in all its areas in achieving these goals.

In the same way, Schrodt &G@l9 mention that while continuing resource extraction is essential for

10



achieving sustainable developoaat(§DGBEigure ), tradeffs with biodiversity conservation and
human rights need to be explicitly addressed. For instance, to achieve some of the objectives and gel
a transition to sustainable cities with renewglyl€D& 11), the extraction of large quantities of new
minerals, many of which are scarce, will be necessary. Therefore, apglystentheegeces

approach is necessary to undetb&neal benefitstiése options.
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During the 41st UNESCO General Conference in 2021, International Geodiversity Day \
proclaimed to celebrate, among other things, the importance of GeodiversityOdthieving
website can visualise how geodiversity and its management contribia. to

(https://www.geodiversityday.org/geodiardbitgsdgs.

G. Geoconservation

Geoconservation is the conservation of geodiversity for its intrinsic, ecologielasd heritage v
It aims to preserve the geodivetsityents and procesgdsojo maintain the natural rates and
magnitudes of change of these features and pfalcagge002).

This study area understands atwotiponents to be as important as those that are living.
Furthermore, as Sharpk¥)? states, geoconservation is the basicafdaivation in that it
provides a variety of environments and environmental cortiigotly thiiience the development

of life. Nevertheless, geodiversity hassedlir@lependent of its relationsitigife, and therefore

11
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needs itewnmethodologies for its conservation and preservation. Thus, a more holistic view of natt
consevation will include both biodiversity and geodiversity conservation, understanding the close

between the two.
H. UNESCO Global Geoparks

UNESCO Global Geogal®&pare unigue and unified geographical areas where sites and
landscapes of internatioralagical significance are managed with a holistic concept of protection,
educatignand sustainable development. Their lpottapproach combines conservation with

sustainable development and the involvement of local c@uhiit®ities 2032a

While geoconservation allows the value of the territory to remain ovesdieguidmdingh
geodiversity, particularly the selected and inventoried elements, education helps local commun
empower themselves with this kiggded develop new economic activities linked to the conservation
of these sites. Among these activities, geotourism stands out as a facilitator of the local economy.

Eder & Patzak0(04 consider that the impd& geopark aresnot onlyheimprovmentof
the quality of life of the people who live there but also of the immediate rural environment, strengthe
people's identification with their territory and boosting cultural revival. Furthermdreyhiiey add tha
respecting the environment, Geoparks stimulate the development of local innovation: small busine
craft industries and new jobs generate new sources of income. This link betveeeh geopark
sustainable local development is reflected in ge@datks recognised by UNESCO, located in 46
countrieJNESCO, 2032a
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Figure8 Global and regional distribution of B&@@zolour represents a regional network: the Asia Pacific

Network (gea), the European Network (blue), the African Network (Magenta), the Latin American Network
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2 Characterization of the study area

2.1 PatagoniaVerdeis anature reserve at the end of the world.

Patagonia &territoryocated ahesoutheredge obouth Ameridaelonging to the republics
of Chile and Argentina. The limits of Patagonia are the Atlantic Ocean to the east, the Pacific Oce
the west, and Cape Horn to the south. The northern boundary has historically been more ambigu
although vimus antecedents suggest that it would be located close to the latitude of the city of Temt
(Schilling et al., 2017

= “Acuerdo de 1538~

Figuréd L ocation of Patagonia Verde. Taken from SchiipglaDabig: Daniela Gallardo Diaz.
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Patagonia Verde corresponds to a portion of this mythlgaureg)idme{onging to thale
Districand includes, from north to soutmuhgipalitiesf Cochamé, Hualaihué, Chaitén, Futaleufa
and Palena. It covers an area of 19.213 km2 and is home to an estimated population of 22,3
inhabitantsesulting in a population deriedg t@neinhabitanperkns.

It is located ithe northern part of the Patagonian Andes Mountain range, between the higf
peaks and the Pacific Ocean. This condition, unique in the world, allows the meeting of two ways o
very close tlistance but very different in culture. On the one lcanintirgties that inhabit the
coastal areas of this territory have a greater cultural affinity with the communities of insular Chiloé
the Huilliches traditions, while those in the mountainous areas of the east are close to the gaucho ctL
also pres# in Argentif@omez, C & Barria K, (Ed.))2018

T i ? //, S

Figurdl O The riverside carpenters are part of the living heritage of Patagonia Verde and part of the fishing an

timber tradition of theitery Ph: Patricio Contreras.

Also, tla proximity between the mountains and the sea generates a unigue climate associate
with the high annual rainfall of the oceanic and temperate rainy climates. This condition, in turn, gene
a singular endemic $or&nown as evergreen or Valdivian, protected under the figure of the Biospher
Reserve of the Temperate RainforestausttaBndes of UNESCOIESCO, 202&hich covers

much of the territory, dubbing green this Ratdgdnia. One of the iconic trees in this reserve is a

14



conifer calleflitzroya cupressojdesally known as Alerce, a tree over 50 metres tall and whose life

span is estimated at over 3600,ywhrsh makes it the secamust extenddiving tree after
bristlecone pin&ifus loraya (Lara, & Villalba, 1993

»

Figurd 1 The thousaw@awld larch trees were felled and sold for centuries and constituted the main engine oi
the regional economy and culture. Overexploitation and their disappearance in large areas of the territory |
them being declared a national monument in 1976, prohibiting their felling.
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In Patagonia Verde, the Andes Mountain range is lower than in the northern and central part
the country, rising slightly above 2,000 mpransalty where theolcanoeare located. Between the
mountainghe valleys were shaped by glatmaostvholly covering the territory before initiating a

rapid deglaciation process soH® k@r(Davies et al., 2020lowadays, these landscapes shelter

several lakes, rivers and human settlements fed by the watethait glaciare the retreat on the
main summits of Patagonia Verde. In other cases, the sea has flooded and eroded the valleys, mai
the central depression, resulting in the characteristic gulfs and fjords, which, under their waters, still |

a recat of the glacial processes that gave rise Odhelms(vell, 2016

Figurel2 The higlareaof the Michinmahuida voldwsiseveral glaciers. In the photograph, the Amarillo

(Yellowlacier descends from the mountain and makes its way through the vast valley thenzéesinined in

The rocks of Patagonia Verde record a fabulous geological history of some 400 million ye

ranging from the accretion of exotic terrains such as (Bbaiteria al., 20)1t the volcanic

eruptions and landslides that have occurred in recent years

Patagonia Verde has a unique tectonic configuratiorrlth wiheralidfferengeological
processes are interrelateginly becauae enormouective tectonic area atbd@0 km, from the
Antuco volcano in the north to the Gulf of Penas in the south, known-@éghieHagliidene. This

set of faults h&aada close relationship with magmgigriankhurst et al. 199&ctive volcanism
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(e.g Cembrano & Lara, 2p@nd thermalism (eRuiz, B., & Morata, D, d0Dontrolling the

occurrenceand interconnectiofall these processes. In addition, the glaciers that covered the territory
during the last glaciations preferentially eroded the rock neassif byetile tectonic activity

(Ghiglione, 20), Generating valleys and fjords in the areas that remained below sea level.

From north to south, the most easily recognisable volcanoes in Patagonia Verde are Ya
Hornopirémduequi, Chaitén, Michinmahuida, Corcovado and Yanteles, but there ar®rmany others (
7.1). Several of these volcanoes have had historical leoujmistasice, tGhaitén volcaanuption

in 2008 [lajor & Lara, 20i@aused the evacuation of the population of &biyter approximately

4.000 inhabitants. This evacuation was the biggest performed in Chile to date. Thumtidlis city was
destoyediue tdhe lahars formed from the large amount of volcanic material transported by heavy rain
Historicallynumerous landslides have also o¢csomed of whidtestroyetiouses and
causedatalities. The most significant landslides in this territoeytlaae dbosrred in Lago Cabrera
(1965), Buill (2002), Villa Santa Lucia (2017) and E¢@endyillo (2020).

——

Figurel 3 One of the largest landstiogisoccurred Patagonia Verde was in Villa Santarl lgaember
2017 Thislandslide caused 21 deathsdisappearanceevastatbvegetation, covered routes 7 and 235,
destroyed houses and infrastructure near the Buraidsdapersited on Villa Santa Lucia.

Asignificarpart of Patagonia Verde's territorydsvaied to conservation and nature tourism.
The Hornopirén, Corcovado and Pumalin Douglas Tompkins National Parks, whichpann the norther
of the Route Nftiongbarks of Patagonia, are located here. Other protected areas are the Futaleuft
and LagPalena National Reserves-(ges 16
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The main access to Patagonia Verde is Rooven7a€arretera Ausg@lstral Highwaly)
starts in Puerto Montt and continues south through the Aysén Region, endingsatrviia O'Higgin
Magallanes Region. The Carretera Austral is a scenic route recognised worldwide because it a
enjoyindorests, fjords, rivers, glaciers, volcanoes and hot springs, having a wide variety of tout

activities, such as hiking, mountaineayiaking-igure 1y} rafting, horseback riding, sport fishing,

climbing, among many others

Figurd 4 The FutaleuRiver is an internationally recognised destination for rafting and kayakefagsdts rapids

I, 1V and Wotivate many athletes who visit Patagonia Verde and challenge the river's waters. Ph: Paulo Urr
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2.2 Brief of the Geological Evolution

The oldest geological regorBatagonia VeateDevoniametamorphic rocks interpreted to

be derived from aceanic island arc/bac& system named Chait@hiaart et al., 2009erve et

al., 201 It was formed at c. 395 Matdeahanced libpheric thinning driven by slalaahl
resulting in the rifting and detachment of the Ngahidatdassif's forearc and the formation of a
marginal oceanic basin betweemareoontinental arc and the outboard Chaitenia island arc (~395

Ma;Herve et al.20;2®18. The closure of thargial basin and accretion of the Chaitenia island arc

against the stabletboent ocurred durirtheMississippian, around-360 MaRapela et al., 2021

The rocks recognissdChakniaareinterpreted aan insular volcanic arc and a shallow seabed
surrounding it. The volcanic arc is represented by-tdesiyedticks found at Pichicolo, Chaitén
and Lago Yelcho. On the other hand, the seativactsrizdryvolcanic deposits aedimeiairy
sequaces, such dke Rifiihue Fjord's pillow lavas and the Buill Iatabty's s

In addition, it is worth noting that these slatesooentéitie twossil recosif Trilobites in
Chilewhich have been fundamental for datingthegesvi et al., 196Bortrey et al., 19Tuhart
et al., 200P

Figurd 6 TrilobitesolectedbyFortrey et al. (1998 )he locality of Bulfle exagirovenana# these fossils

s unknown and of great scientific interest.
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The Carboniferous to Permgmlogicatecord in this regi@videncesnagmatism,
deformatiomd metamorphism and, together wibbettomiaoutcrops, are part of the Main Range
Metamorphic Complex (MRMC). Nevertheless, R#}i&1d) stiggest that the later eventst be
separatéfrom the Devonian episodes describe@datqrebably relate to a different tectonic setting

At present, little is known of the geological history of Patagonia Verde during the Triassic (z
200 Ma). However, from evidence found further norble, imfeared that there was magmatic and
volcanic activity, along with the formation of continental basins where forests with diverse species o
developedHérbset al. 2005

The Andean Cycledrdg the Jurassicd. 200 million years ago). During this period, a

prolonged subduction regime was established, which gave rise to intense magmatic activity. This a

generated volcanic and plutonic rocks and depositional basins synchronoaswith diaehroni

magmatisri-igure 1,/ Duhart & Quiroz, 2006

Figurd 7 Tres Monydsill On the high summits of the Futaleufu and Palena peaks, it is possdaeito find vo

and sedimentary res@tithe Jurassic and Cretaceous periods

Pankrhust et @902 mention that given the geological recordyeassit volcanic arc and
a possible marine baok or puipartbasin are inferred. These were associated witislig strike
movement developed within the continental margin east of the late Palaeozoic accretionary com

Thusaccording to these auttibesmnidlurassicould be therimary development of thefleigqui
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fault zone, roughly following an ancient margin between the Palaeozoic accretionary cemplex and th
existing continental block of Patagonia.
The 176 Ma volcanic rocls Pichicoldelonging to the Pichicolo volcanic formation

(SERNAGEOMRIGM1995 representhe Jurassiwolcanic ar&ubsequently, the extension of the

continentelated to the opening of the Atlantic fdodacethickvolcanisequencdsetween 160
and 150 Mayhich have begrouped in ¢hibafiez Formation. These outcrops can be recognised in

southern South America and even AnfAackicarst et al., 1998

. . { . < 3 WA -
¥ .

Figurel8 ElAceitdHill The fossils found at this localibthblper correlafeese rocksithothers frorthe

Aygn Basin

During # Jurassic tectomixtension, baaic subsidence and subsequentifptisérmal

relaxation would have been responsible for the dperggénf Bagidell and Suarez, 1p9his

basin was filled between the Titonian and Aptian with marine and volcanitogediinastary
grouped under the Coyhaique Group (Haller and Lapiddhid 9g@upecord a marine
transgression (Toqui Formation), deepening (Katterfeld Formation) and subsequent uplifting (Ay

Formation) period in which volcanic activity would have dedreds&d(uiroz, 2)0Eocal
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expressiarof these rockaefound in El Ace{tequre 1} Rio Palena and Cerro Diaz Formation

(Fuenzalida, 196%aller and Lapid®8Q 1982. As a result, volcanic and marine sedimentary rocks,

some of them containing fossils, are currently found in the high peaks of the Andes in the Futaleuf
Palenanunicipalitiesometimes as roof pen@BRNAGEOMRGM, 19%5

Figurel 9 Batolito Nor patagonico observado desde el Cerro Arcoiris. EstenBaiblive vigorld's largest
subductiorelated Cordilleran plutonic compfexesi(irst et al. 1999

Between 120 and 100 Ma, large bodies of granitic rocks were formed that occupy extensive ar
of Patagonia Verdainty east of the main trace of the LOFZ. These intrusive rocks, together with othe
of similar composition and genesis between the Jurassic and Miocene, form the Patagonian bath
(Munizagaet a/1988 Cembrano 199Bankhurstr a/1992 Pankhurst et al. 199@iriasolar a/.

2006 Herve et al., 200&driasola y Stockhert, 2@G&qgon et al., 201The Patagonian batholith

lies between 40° and 53° S along the entire lehgtMain Andes Mountains. Its segment north of

47° is called the NloPatagonian Bathdlit?B) and is the one observed in Patagonia §égrde

the plutonic history of the NPB during the early Cenozoic coincides with a stage of extension, volce
along the Coastal Ranges and the development oeseuatahmbasins beneath the Central Valley
(Adriasola & Stockhert, 2.00@e plutonic rocks of the North Patagonian Batholith are evidence of the
estabshment of a new magmati@atatheMain Cordillera during the Adsligan (12000 million
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years ago) associated with active subduction. Volcanism lasted whidril@®\Wksanic rocks in
the extreme sowthstern part of the territory weredogrouped in the formation known as Cordon
de Las Tobasuenzalida, 19G3aller and Lapido, 198882 Duhart & Quiroz, )0

During the late Oligocene and early Miocene, Patagonia's most important Cenozoic mar
transgression occurfiedcinas et al. 202@18. At that time, thacific and Atlantic marine waters

flooded most of southern South America, including tieyRs&Egonian Anddswingor the

first time in the history of this, arpassible transitional connection betweetiftbafh Atlantic

oceans.

Figure0Ayacara Formation. The sedimentary and volcanic deposits found in this formation have been esse

to understanding one of the most critical transgressions of the Cenozoic

This rarineingresionwas probably caused by a regional spreading event rptatesl to a
plate reorganisatio®gutheast Asighe nomarine La Silla and La Junta formations and the Traiguen
Formation to the south represent early basin compartmedatat2@tita) followed by increasing

subsidence rates duethie progressiwxtension and crustal thinrfibgcinas et al., 2016

Subsequentlyjdespread marine flooding of Patagonia reached its maximum extent at ~20 Ma durir
thedeposition of the deep marine Ayachrhuapi and shallow marine La Geacgds formations

(Encinas et al., 2Q1Bchaurren et,&2022. Compressional tectonics start arodi&l I8 and
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propagate at ~¥bMajeadingothe basin inversion and the Patagonian Ande&mrowthdt al.,
2018 Echaurren et al., 2p22

In addition, there are extensive records of magmatic and volcanic activity synchronous to 1

extension amaversion process between the early Miocene and Pliocene. Plutonic rocks are mainly fot
east of the LOFZ in the North Patagonian Bdtholittué et al. 1988rve, 1994Pankhurst,
19921999, and their emplacenmmuggests structural coftyahe LOFZ, which has been active at

least since theGdmbrano et al. 19¥embrano & Lara 2D0¥olcanic and volesedimentary

rocks are found on Chidoéifao et al. 200and the mainland, in formations represeniimg'the
primary depressiorier irstance, Ayacara Formation and Puduhuapi FoEmaties €t al.
20132018.

- retaceus
Devonian

Cretaceus volcanic arc

Bassin

Oligocene - Lower Miocene

Marine Ingression
Ayacara & La Silla
Formations

Upper Triassic MW“T’"‘ Upper Pleistocene

Volcanoes & Glaciers
Triassic bassins Chiloé b o
Ameérica  Africa

Upper Pleistocene
Holocene

n Upper Jurassic

Jurassic volcanic arc
Pichicolo Formaton Ibafiez Formaton Sea level Active Volcanism
i Chiloé

Figure21 Geological evolution of Patagonia Verde. Modified from Sc80qg @tigihal version design:

Daniela Gallardo Diaz.
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During the Pliocene and Pleistocene, volcanism associated with the generation of lav;
pyroclastic deposits and lahars continued, and the predecessor volcanoeslay theepressat
formed. There was also the formation of stratified sedikeofargmticental origin represented by

theLlahuen Formati@ERNAGEOBRGM 1995

In Patagonia Verde and nearby areas of southern Chile and Argentina, four important glaciat
have been recognised that have coeeaegdttiry with ice during the Quaternary as a result of relatively

lower global temperatukésr¢er, 1976 orter, 1981Rabassa and Clapperton, ,1dapperton

1994, Harrison & Glasser 20Ifiese glaciations are known as Caradiglp,Rdarta Maria and

Llanquihu@orter 1991 All these glaciations are separated by interglacial periods. The large masses «
ice formeduring these glaciations have caused intense erosion and denudation of the relief of ti
territoryforming Whaped valleys and depositing various types of moraines on the edges of the glacie

(Ghiglione, 20l Duringhesecold periods, the Gulf of Corcovadotwelsgoveredith ice, reaching

as far as the island of Clilegies et al. 202(n the territqgryome outcrops suggest that there may

have been amteraction between glaciers and volcanism. ForlinsHilhedjl interpretenh this

workas a suppacial volcanic deposit known as a Tuya.

Figure2 La Sillahill Drone photography during fieldwork suggests ehar theSa may correspond to a

subglacial body known as Tuya. A more detailed study is needed to verify this hypothesis.

Sincehe end of the Pliocaherehas beean increase in the Earth's temperature and the

consequent melting of the large iseswasising a significant sea level variation and the formation of
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lakesbays, rivers and fjordsgton et al. 199%barzua et al., 20@higlione, 20)LTh addition, high
uplift rates have been reported in PatBgetmieh(et al. 201Richter et al. 20)/l@nhd particularly in

PatagoniderdeHerve & Ota, 199possibly linked to isostatic rebound generated by the absence of

ice masses. Thimboundhas generated a series of terraced deposits of a few metres in height with
shells, known locallyaxc/@/es which are evidence of this process. Currently, the subduction process
of the Nazca plate continues under Patagonia Verde, generating intense volcanic and seismic ac

mainly controlled by @ ZCembrano &iza 2009. The retreat of the ice has exposed the different

glacial morphologies,avith itthe relief with steep slopes, wbgpéther with seismic activity and
intense rainfdilave generated landslides of varying magnitudes, andmyjiticit on the population
(e.gBuill 2012, Santa Lucia 2019, Amarillo 2021).

Figure3 The Chain VVolcano Eruption (2@@8Jsed the evacuation of the popolatienCha&i village

and later its partial destruction. Ph Daniel Basualto

Thespatiadlistribution of the Patagonia Verdésrebksvim Figure 24
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Location map

Modified from Schilling et al. 2020. Origina

eged

000.

Figure24 Geological Map of Patagonia Verde, scale 1:500.
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Millions of
years

0-2,6—

145-201— |

Legend of Geological Units

201 - 250 —

250 - 540 —

Holocene unconsolidated sedimentary deposits: fluvial, alluvial, deltaic
and colluvial deposits.

Holocene volcanic rocks and deposits: pyroclastic and laharic lavas and
deposits.

Pleistocene-Holocene unconsolidated sedimentary deposits: deposits
associated with the Llanquihue glaciation.

Pleistocene unconsolidated volcano-sedimentary deposits: volcanic agglo-
merates and sandstones.

Pleistocene volcanic rocks and deposits: pyroclastic and laharic lavas and
deposits.

Pliocene stratified rocks: conglomerates, fine sandstones, siltstones and
claystones of continental origin.

Miocene-Pliocene intrusive rocks (ca. 20-8 Ma): granites, granodiorites,
monzonites, tonalites, diorites and gabbros.

Lower Miocene-Middle Miocene stratified rocks: conglomerates, marine
fossiliferous sandstones and shales, and tuffs.

Cretaceous volcanic rocks: andesites, andesitic to dacitic breccias.

Lower Cretaceous intrusive rocks (ca. 120-100 Ma): tonalites, granites,
granodiorites, diorites and monzogranites.

Jurassic intrusive rocks (ca. 155 Ma): gabbros and microgabbros.

Jurassic-Cretaceous sedimentary rocks: sandstones, shales and marine

" fossiliferous limestones.

Jurassic volcanic rocks (ca. 176 Ma): porphyritic lavas, breccias and subvol-
canic, andesitic and dacitic bodies.

Upper Triassic stratified rocks: fine sandstones, black pelites, limonites and
conglomerates.

Paleozoic-Triassic metamorphic rocks (400 - 300 Ma): Buill shales,
quartz-muscovite schists and amphibole-epidote schists.

Permian-Triassic intrusive rocks: gabbros and ultrabasites.

- Devonian intrusive rocks (ca. 400 Ma): metatonalites and metadiorites.

Symbology
= Road Patagonia Verde boundary
ww INner road Water Body
@ Route number A Volcano
B Urban Area A Piroclastic cone
___ International border )X  Border crossing point
Geodetic Reference
Degrees (longitude and latitude), WGS 84.
Modified from Schilling et al. (2020)
Original version design: Daniela Diaz Gallardo
Figure5 Map legend
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2.3 Threats affecting Geodiersity in Patagonia.

Although geodiversity is composed of durable elements, such as rocks, there are fragile and e
destroyed elements. Moreover, unlike biological processes, most geological processes occur on Sc:
thousands to millions of y&drgs, the destruction of geodiversity is, in almost all cases, irreversible.
As in other territories, in Patagonia Verde, some activities threaten the partial or total destructio

geodiversity and, in particular, some examples of value to society
A. Enemgy

As the development of cities progresses and the growth of the population, both residents ¢
visitors, increases, so dddtréory's energy nedelgrthermore, considering that the main towns in
the territory, Cochamo, Hualaihué, Chaitén, Futhlaféra, use highly polluting energy based on
the burning of hydrocarbons, it is necessary to look for alternatives to improve the quality and quant
energy produced. In this line, there are renewable and clean energy sources avaitablealyith great po
such as hydroelecttigatera, 20),4idalIDE, 202 windIDE, 202Por geothermakfmus et al.,

2015, which should undoubtedly be analysed to move towards sustainable development.

However, given @eellanenergy potential, Chilean Patagonia has been threatened several
times by hydroelectric megaproj&een their size, commercial objectiy@aramdg outside the
territory's needs, these projects have been nightmares for the inhabitants. One of the causes of
controversy lies directly in the constitugicnrient political constitution, in article 19 N° 24, mentions
that "The rightsindlividuals over waters, recognised or consiiteitbd law, will grant their owners
the property over themfd in this wayhe property over the rivers of Patagonia is possible.
Consequently, multinational companies, such as ENDESA (nowdEtNE Watewrighabthe
principal watercourses in the region. Hydroelectric studiegeojdctsegare generated around
them.

One of the most significant examples was the Hidroaysen project which contemplated t
construction and operation ofyfdm@dlectric power plants, two on the Baker River and three on the
Pascua River, located in the Aysén region in southern Chile. Even though the project was in
neighbouring region, it contempdatatectingp the Chilean Central Interconnected.Sysgeem
decision meant constru@itrgnsmission line of almost 3,000 kilometres that wsitka atfifaTal
parks.elevemational reservdsientyixpriority conservation sisedeerwetlands anttirtytwo

private protected arddss projectas latent for several yeatdenormous social pressure through
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the Patagonia Sin RepréBatagonia without damigs://www.patagoniasinrepreyasadement,

supported mainly by the Douglas $dakiservation Foundation, managed to aralyse

Www.pa l('l.g()lli:-lSil’ll‘f‘l)l‘(“S}lS.(‘-I

Figure6 Patagonia Sin Represas (Patagonia without dams) movement wassirsgolftbien

environmental movements in Chilean society Bitpstopatagoniasinrepresas.c/

The mobilisation of citizens and the various NGOs in the territory led to the failure of Hidroay:
the return of water rights by ENEBESMdqua, 201&nd the cancellation of otheteemalkic

projects such as the Futaleufu river project. In addition, these moves laid the groundwork for o

projects, such as the Mediterraneo power plant on the Puelo River, iechesghele?i)18

To date, dafeom the IDR{22 indicate that the only projects approved in the territory are in
the Negro River, Hualaihue, including the controversial project of the Rio Negro Kydroelectric SPA
27), which isausing controversy among the inhalftaptsvéda, 2021

Patagonia's energy potential is stillanthctew projects can and must be generated if the
objective is to move towards sustainable development and eliminate fossil fuels, but their success
only be guaranteed to the extent that they are proportional to the needs of the environment and

inhabitants of the different localities
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https://www.patagoniasinrepresas.cl/
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Figure7 Energy information map. Source. IDE Energy Institute (2022)
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B. Mining industry

The mming industrparticularlgold mining, is one of the main concerns of the communities
due to the enormous environmental impacts it has historically had in this and other neighbour
countries.

Since the 1990s, several gold explorations in Patagonia Verde have kepbthalpdpulation
While in the Andean part of the country, explorations focus orPlifdimgl@hging to the
metallogenic beltAgiis the resource sought in the placers of the coadiallsett@0)6

In2007, alarm bells went off when Kinross Gold Corporation and Geocaeldtedources
the Espoldn sector in Futaleufu as a gold mining project with 13 claims totalling 33800 hectares. (

Cristobal, 20D7Although timing is known about the execution of the gmyeadtthe people who

participated in the Patagonia Verde Geotourism project meetings, there was mistrust concerning
construction of new roads in the sector and, in general, of the public wotksgbatrate

connectivity between Chaitén and Futaleufu.

324,000 319.200

Hectareas

= —— - —— —

ey =
125,003 126654 131653 134143 120.207 114839

2016 2017 2018 2019 2020 2021

Periodos

s EXPLOTr3CION sl EXplOTACion

Figure28 Evolution of the surface area of mining concessions (ha) in force, Los Lagos region. Source.
SernageomigdZ])

Nevertheless, 2021, the Lake Distriat twaly 1.4% of the country's exploration concessions
and 0.7% of the country's exploitation concessions. With a decreasing exploration activity since .

(Sernageomin, 2Q2there are no kmo advanceis mountain rangerojects Howevemew

exploration and exploitation concessions in the Huequi Pdinkedile yeld placers.
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Figure&9 Estado de /las conseciomesras en Patagonia Verde. Datos obtenidos de Seaugdéomin (
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