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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 municipalities of 

Cochamó, Hualaihué, Chaitén, Futaleufú and Palena. It has 19,212 km2 and a population density of close 

to one inhabitant per square kilometre. This area has an outstanding natural diversity, and a significant 

part of Patagonia Verde's territory is devoted to conservation, where its five protected areas cover about 

28% of the region. Between 2017 and 2020, a project named òDevelopment of geotourism products in 

the Patagonia Verde tourist destinationó was underway to document and assess its geodiversity, especially 

those sites of geotourism value. The objective was to elaborate, together with the guides of the territory, 

on different routes that could create a new alternative for economic development. However, other sites of 

scientific and educational value emerged during the project and were documented by the projectõs team,  

made up of an interdisciplinary group of professional and undergraduate students. The present work 

compiled and integrated all the generated information and produced an inventory of 91 sites of interest 

organised according to their attributes. Subsequently, a quantitative analysis of these attributes allowed 

the generation of management categories and the proposal of an action plan. Together with this, a 

management structure is proposed to carry them out and ensure the sustainable use of the identified 

geological resources. Based on the results obtained, it is concluded that the Patagonia Verde destination 

has geological values of national and international relevance, and most of the sites have the potential to 

be used in education and geotourism programmes. It is hoped that the proposed geoconservation 

guidelines contribute to the consolidation of the Patagonia Verde Geopark project, which is currently 

promoted by the Association of Local Guides of the territory.  

 

 

Keywords: Patagonia Verde, Geodiversity, Geological Heritage, Geoconservation, Geotourism, 

Guidelines 
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DIRECTRIZES DE GEOCONSERVAÇÃO PARA A PATAGONIA VERDE (SUL DO CHILE): PARA 

O SEU RECONHECIMENTO COMO UM GEOPARQUE GLOBAL DA UNESCO. 

 

Resumo 

A Patagónia Verde é um território situado nos Andes do Sul, compreendendo as comunas de 

Cochamó, Hualaihué, Chaitén, Futaleufú e Palena. Tem 19.212 km2 e uma densidade populacional de 

cerca de um habitante por quilómetro quadrado. Esta área tem uma extraordinária diversidade natural, 

e uma parte importante do território da Patagónia Verde é dedicada à conservação, onde as suas cinco 

áreas protegidas cobrem cerca do 28% da região. Entre 2017 e 2020, foi lançado um projecto 

denominado "Desenvolvimento de produtos de geoturismo no destino turístico da Patagónia Verde" para 

documentar e avaliar a sua geodiversidade, especialmente os sítios de valor geoturístico. O objectivo era 

elaborar, juntamente com os guias do território, diferentes rotas que pudessem criar uma nova alternativa 

para o desenvolvimento económico. No entanto, durante o projecto, outros sítios de valor científico e 

educativo emergiram e foram documentados pela equipa do projecto, formada por um grupo 

interdisciplinar de profissionais e estudantes universitários. O presente trabalho compilou e integrou toda 

a informação gerada e produziu um inventário de 91 sítios de interesse organizado de acordo com os 

seus atributos. Subsequentemente, uma análise quantitativa destes atributos permitiu a geração de 

categorias de gestão e a proposta de um plano de acção. Juntamente com isto, é proposta uma estrutura 

de gestão para os levar a cabo e assegurar a utilização sustentável dos recursos geológicos identificados. 

Com base nos resultados obtidos, conclui-se que o destino Patagónia Verde possui valores geológicos de 

relevância nacional e internacional, e que a maioria dos sítios tem potencial para ser utilizada em 

programas de educação e geoturismo. Espera-se que as directrizes de geoconservação propostas 

contribuam para a consolidação do projecto Geoparque Patagónia Verde, actualmente promovido pela 

Associação de Guias Locais do território. 

 

Palavras-chave: Patagónia Verde, Geodiversidade, Património Geológico, Geoconservação, 

Geoturismo, Directrizes. 
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DIRECTRICES DE GEOCONSERVAC8IÓN 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 comunas de 

Cochamó, Hualaihué, Chaitén, Futaleufú y Palena. Tiene 19.212 km2 y una densidad de población 

cercana a un habitante por kilómetro cuadrado. Esta zona cuenta con una destacada diversidad natural, 

y una parte importante del territorio de Patagonia Verde está dedicada a la conservación, donde sus cinco 

áreas protegidas cubren alrededor de 28% de la región. Entre 2017 y 2020 se puso en marcha un 

proyecto denominado "Desarrollo de productos geoturísticos en el destino turístico Patagonia Verde" para 

documentar y evaluar su geodiversidad, especialmente aquellos sitios de valor geoturístico. El objetivo 

era elaborar, junto con los guías del territorio, diferentes rutas que pudieran crear una nueva alternativa 

de desarrollo economico. Sin embargo, durante el proyecto surgieron otros sitios de valor científico y 

educativo que fueron documentados por el equipo del proyecto, formado por un grupo interdisciplinario 

de profesionales y estudiantes de pregrado. El presente trabajo recopiló e integró toda la información 

generada y produjo un inventario de 91 sitios de interés organizados según sus atributos. Posteriormente, 

un análisis cuantitativo de estos atributos permitió generar categorías de gestión y proponer un plan de 

acción. Junto a esto, se propone una estructura de gestión para llevarlas a cabo y asegurar el uso 

sostenible de los recursos geológicos identificados. En base a los resultados obtenidos, se concluye que 

el destino Patagonia Verde posee valores geológicos de relevancia nacional e internacional, y la mayoría 

de los sitios tienen potencial para ser utilizados en programas de educación y geoturismo. Se espera que 

las directrices de geoconservación propuestas contribuyan a la consolidación del proyecto de Geoparque 

Patagonia Verde, que actualmente impulsa la Asociación de Guías Locales del territorio. 

 

Palabras clave: Patagonia Verde, Geodiversidad, Patrimonio Geológico, Geoconservación, 

Geoturismo, Directrices  
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òQuando despersonalizamos o rio, a montanha, quando tiramos 

deles os seus sentidos, considerando que isso é atributo exclusivo 

dos humanos, nós liberamos esses lugares para que se tornem 

resíduos da atividade industrial e extrativista ò 

- Aliton Krenak -  

 

 



1 

Introduction  

Patagonia Verde is a territory of 19,212 km2 that belongs to the Lake District (Región de Los Ríos) 

in southern Chile and includes the municipalities of Cochamó, Hualaihué, Chaitén, Futaleufú and Palena. 

To the east is the Great Island of Chiloé, and between the two territories, the Gulfs of Ancud and Corcovado 

flood the central depression and give rise to many islands, fjords and canals. It has a population density 

of close to one inhabitant per square kilometre, and around 28%  of its territory is protected by the 

Pumalín, Hornopirén and Corcovado National Parks and the Futaleufú and Lago Palena National 

Reserves. Patagonia Verde is characterized by a pristine landscape, with small towns and villages that 

maintain their customs and traditions linked to fishing and cattle raising. Patagonia's ecological and 

cultural scenic values are recognized worldwide and visited by hundreds of thousands of tourists annually 

who visit and travel along the well-known Carretera Austral (INE, 2022). However, much of it is 

concentrated in consolidated destinations and attractions such as the Llanquihue Lake basin, the Cerro 

Castillo National Reserve and the Torres del Paine National Park. 

Figure 1 Built in 1989, the Yelcho suspension bridge connected southern Chile's pristine and previously 
inaccessible territories.
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Since 2015, through the governmental initiative called òSustainable development destination, 

Patagonia Verdeó, the aim has been to enhance the value of nature, culture, and gastronomy of the 

territory to establish sustainable tourism as a fundamental tool for economic development.  

In this area of the Andes, geology and its diversity are prominent in the landscape. Colossal granite 

mountains, fjords, glaciers, rivers, hot springs, and volcanoes form a rugged landscape with unique 

ecosystems and life forms adapted to frequent volcanic eruptions, earthquakes, and landslides. 

Understanding these processes and the geological evolution of this territory is fundamental for land-use 

planning and geohazard response.  

Between 2017 and 2019, a multidisciplinary team from the Austral University of Chile made an 

inventory of some relevant elements of geodiversity. The inventory was part of the project "Development 

of geotourism products for the destination Patagonia Verde, Lake District" and aimed to create several 

routes to visit some of the territory's main attractions and improve the existing geological narrative by 

training local guides. Thus, geotourism was promoted to generate informal education instances and boost 

the local economy (Schilling et al., 2020). 

Moreover, opportunities for collaboration were generated between the guides, the municipalities and 

professionals of the institutions of the territory (e.g. National Forestry Corporation (CONAF), National 

Geology and Mining Service (SERNAGEOMIN), National Tourism Service (SERNATUR) in different 

workshops and meetings, where common objectives and development perspectives were outlined in the 

Declaration of Hualaihue (Annex 7.4)  

At present, the local tour operators of Patagonia Verde have formed an association that aims, among 

other issues, to promote the consolidation of the Patagonia Verde Geopark project. To this end, although 

significant progress has been made in identifying and characterising sites, compiling the different 

documents generated is still necessary. The homogenisation and creation of a systematic inventory, 

together with the definition of guidelines for the sustainable use of these geological resources, are 

fundamental steps to achieving this ambitious objective. In this context, the present thesis work is 

developed, which seeks to satisfy these territorial needs. 
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1.1 Objectives 

A. Main Objective 

Develop guidelines for the sustainable management of geodiversity in Patagonia Verde that will 

serve as a basis for the establishment of the Patagonia Verde Geopark, currently led by the Association 

of Patagonia Verde Local Tourism Guides.  

B. Specific objectives  

i. Characterize Patagonia Verde, its geology, geodiversity, and the threats that may affect it.  

ii. To generate an inventory of the geodiversity of Patagonia Verde and analyse the use potential of 

the different sites inventoried. 

iii. Propose guidelines for the management of the geodiversity of Patagonia Verde. 

1.2 Methods 

A. To achieve the specific objective i: 

Different types of existing publications in the study area were collected and analysed for the 

development of a summary with a holistic view of the territory of Patagonia Verde, with an emphasis on 

geology, its geodiversity and threats. In addition, the author's notes and observations from the various 

fieldwork campaigns, workshops, meetings and seminars carried out in Patagonia Verde have been used. 

B. To achieve the specific objective ii: 

The documents generated by the technical team of the Patagonia Verde Geotourism project with 

unpublished data collected by the author in the different territorial activities were compiled and analysed 

to build up the inventory of Patagonia Verde. The workflow of this work is based on the proposal of Brilha 

(2016, 2018), where the following stages were carried out: Defining the topic, the value, the scale, and 

the aim of the inventory; Definition of geological contexts; Background collection; Site Selection Criteria; 

Fieldwork: identification, selection and preliminary inventory of sites; Inventory Proposal Quantitative 

Assessment and Data Analysis.  

C. To achieve the specific objective iii : 

The quantitative assessment results were used to generate different management categories. 

Then, a geodiversity action plan was proposed to manage the inventoried sites. Finally, an administrative 

structure to implement the action plan was proposed. 
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1.3 Concepts 

A. Geodiversity  

Geodiversity ð the variety of geological (rocks, minerals and fossils), geomorphological 

(landforms, topography and physical processes), pedological and hydrological elements (Gray, 2004) - 

constitute the substratum that supports and conditions the different forms of life. In this way, nature is 

composed of a living, and an abiotic part, whose relationship is inseparable. Moreover, in some cases, 

the heterogeneity of living organisms is conditioned by the variety of abiotic elements (Bailey et al., 2017). 

 

 

Figure 2 Schematic depicting the link between geodiversity and biodiversity 

B. Geodiversity Values 

Geodiversity can be valued according to its characteristics and utilities for human activities. 

Typically, the economic value is the most widely recognised, given the direct benefit to society from the 

extraction, use and sale of geological resources. However, the geological resource can also be used in 

other ways without necessarily being extracted. In this way, other values, such as heritage value, usually 

broken down into three values: scientific, cultural and aesthetic (linked to tourism), can also be 

fundamental for developing societies and local economies. 

A complete analysis of the values of geodiversity implies that there are many more aspects to 

consider. Brilha (2005), based on Gray's (2004) work, sets them out as follows: 

Á 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. 

Á Cultural value: Conferred by humans when a strong interdependence is recognised between social, 

cultural or religious development and the surrounding physical environment.  
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Á Aesthetic value: Subjective attribution related to the perception of a place, the sensation it can 

produce or the beauty attributed to it. 

Á Economic value: More objective and related to the possibility of generating an economic benefit 

through a geological resource. 

Á Functional value: Generally not applicable to nature conservation and linked to the practical value 

that geodiversity has for humankind or as a support for physical and ecological systems on the earth's 

surface. 

Á Scientific and educational value where geodiversity is a fundamental tool for understanding the 

Earth's history, necessary for scientific research and formal and non-formal education. 

 

Figure 3 Examples of Geodiversity and different types of values. 

C. Geosites & Geoheritage 

Brilha (2016) propose that the geodiversity's most relevant elements, given their scientific value 

to contribute to understanding the different processes occurring on Earth, are called Geoheritage. When 

these elements are in their place of origin, they are referred to as Geosites. Otherwise, essential elements 

of geological heritage, such as fossils and minerals stored in collections, are called Geoheritage elements. 

All sites that do not have exceptional scientific value would be referred to as òGeodiversity sitesó. 

The author strongly agrees with Brilha (2016) that the term Geosite should be restricted to sites 

of outstanding scientific value, and another term should be used for sites which, given other values, are 
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also candidates for a geoconservation strategy. This reasoning seems consistent with the spirit and 

purpose of the international Geosites programme, where the desire is:  

 

òto identify and document, not token examples, but those features, sites and areas which give an in-

depth understanding of the Earth's evolutionary story, that show broader patterns, and which allow 

comparisons and correlations. In our balanced compilation of a regional or global inventory, we look 

therefore to include sites/terrains which show significant stages and events, the special and, especially, 

the representativeó Wimbledon (1999, p7) 

 

In this sense, and according to Brilha (2018), this distinction can avoid giving the authorities the 

impression that a geosite is not rare or unique and, therefore, no particular management actions are 

needed 

 

Figure 4 Geosite of Patagonia Verde. Marine rocks of Ica Island. Its origin is related to the most relevant marine 

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

Also, it is worth noting that in Chile, as in many other countries, there are different management 

categories in the current legislation to protect ògeodiversity sitesó for their natural, cultural or aesthetic 

value. For instance, Natural Monuments, Nature Sanctuaries or Paleontological sites, among others, allow 
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activities such as geotourism and education. In this sense, a geotourism programme could be composed 

of visits to geosites and other sites on the territory.  

So, instead of using the term "geodiversity site" as a category for those sites worthy of other 

values, the author prefers to use one of the already indicated terms (e.g. Nature Sanctuary or potential 

Nature Sanctuary). The reason for this is that òdiversityó is related to a variety of features and does not 

necessarily better represent some ògeo-occurrencesó like "a stone shaped like a hand" or a òThe bride's 

waterfall veiló. Therefore, the author believes that the term ògeodiversity siteó is not only incorrect from a 

linguistic point of view but also creates a new category that overlaps with existing ones, generating 

confusion. 

D. Geotourism  

Geotourism is a branch of nature tourism based on understanding geological heritage and 

appreciating geodiversity. Moreover, it is a tourism niche that stands out for ensuring a scientific culture 

based on understanding relief, rocks, fossils and other elements of geodiversity in all its dimensions, 

including aesthetics. In this way, its scope is broader than other types of tourism (Dowling, 2013). 

 It differs from mass tourism, which is often a catalyst for the degradation of sites because it 

seeks to educate and make people aware of their environment, the value of the territory, and the 

geological processes that take place there. Consequently, any modification or damage to the natural 

heritage is directly detrimental to this discipline.  

One of the recently adopted definitions is that of Arouca (2011), that defines Geotourism as "Tourism 

that supports and enhances the identity of a region, considering its geology, environment, culture, 

aesthetics, heritage and the well-being of its inhabitants. Geological tourism is one of the multiple 

components of geotourism". 

Geotourism seeks to showcase geological heritage to all audiences and be a dynamic agent of 

the local economy. It is also an innovation opportunity for the tourism industry, with new challenges for 

new destinations because the profile of tourists is constantly evolving and the usual destinations with 

transformations in the environment (e.g. engineering works, buildings, urbanisation) are becoming less 

and less valued.  

Unlike other disciplines, such as ecotourism, which only occurs in natural areas, Newsome and 

Dowling (2010) argue that geotourism occurs in natural and human-modified areas. In this way, it is 

possible to take up traditional tourism attractions (activities, accommodation, visits, and others) in favour 

of understanding and conservation of nature.  
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Figure 5 Geotourism and birdwatching in the Río Negro wetland, Hualaihué. 

Pereira (2010) points out that the threats to geotourism are also those affecting geological heritage, 

geodiversity and the rural environment, exhibiting them as:  

i. Educational: Related to the illiteracy regarding the values of geodiversity and the existence of 

"alternative conceptions" of sustainable development.  

ii. Political: Related to the fact that geological heritage, rural areas and natural landscapes are 

ignored or devalued in land-use planning and development matters;  

iii. Economical: Due to the exploration/exploitation of renewable and non-renewable resources and 

unsustainable forms of tourism.  

E. Ecosystem services and Geodiversity.   

National Geographic (2022) define an ecosystem as a geographic area where plants, animals, 

and other organisms, as well as weather and landscapes, work together to form a life bubble. Ecosystems 

are composed of biotic parts (e.g. plants, animals, and other organisms) and abiotic parts (e.g. rocks, 

temperature, and humidity).  
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The proper functioning of ecosystems provides various services to society and the natural 

environment, such as the water we drink or the soils we cultivate, improving people's health, economy 

and quality of life. These benefits, resulting from the functioning of ecosystems, are known as Ecosystem 

Services  

 

Figure 6 Geosystem services and Divisions. Modified from Brilha et al., 2018, after Gray (2013) 

The Natural Capital Coalition defines natural capital as òthe stock of renewable and non-

renewable resources (e.g. plants, animals, air, water, soils, minerals) that combine to yield a flow of 

benefits to peopleó (Natural Capital Coalition, 2016). In this sense, natural capital comprises Geodiversity 

and Biodiversity, as does the ecosystem. So, a more economical approach to ecosystem services 

considers that natural capital stock flows essential benefits to society (Gray, 2019). 
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 Nevertheless, given the general exclusion of abiotic nature from the ecosystem services 

approach, Gray (2013) uses the term ôGeosystem Servicesõ to attempt to examine the goods and services 

related specifically to geodiversity. Then, Geodiversity elements and processes contribute to ecosystem 

services based on their diversity of values (Figure 3). Gray (2013) presents these values - scientific, 

educational, economic, cultural and aesthetic, among others. - in detail and establishes the link between 

the value and the type of use.  

Brilha et al. (2018) use the Millennium Ecosystem Assessment system, which classifies ecosystem 

services into four groups (Figure 6).  

Á Regulating services: how natural processes regulate the environment. 

Á Supporting services: the processes that sustain natural environments 

Á Provisioning services: the natural materials that are used by society. 

Á Cultural services are the non-tangible elements of the natural environment that benefit society 

spiritually or culturally. 

The geodiversity of Patagonia Verde is a consequence of different geological processes, which, in 

addition to its function as regulator and support of ecosystems or provider of essential resources such as 

water, is a source of knowledge and culture closely linked to the territory.  

F. Geodiversity & sustainable development goals  

The ecosystems can be considered a limited stock of natural resources, essential both for the 

maintenance of the ecosystem itself and for developing wildlife forms and human societies. It is inevitable 

to conclude that there must be a balance between the resources extracted and used and those necessary 

for ecosystems to remain healthy and to continue to provide essential services such as water. Under this 

argument, the concept of "sustainability" and "sustainable development" arises in which the development 

of present societies and the use of natural resources do not compromise those of future societies. 

In 2015, the so-called Sustainable Development Goals (SDGs) were formally adopted by the 

United Nations member states (United Nations, 2015). The goals were to end unsustainable consumption 

patterns, facilitate sustained and inclusive economic growth, social development and environmental 

protection, and eradicate global poverty over a fifteen-year timeframe (2015ð2030). 

Maintaining and caring for ecosystems without considering abiotic elements is not enough to achieve the 

SDGs. Documentation and monitoring geodiversity and geosystem services are also necessary (Schrodt 

et al., 2019). Gill (2017) first visualised the critical role of geology in all its areas in achieving these goals. 

In the same way, Schrodt et al. (2019) mention that while continuing resource extraction is essential for 
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achieving sustainable development goals (SDGs, Figure 7), trade-offs with biodiversity conservation and 

human rights need to be explicitly addressed. For instance, to achieve some of the objectives and generate 

a transition to sustainable cities with renewable energy (SDG 11), the extraction of large quantities of new 

minerals, many of which are scarce, will be necessary. Therefore, applying the geo-system services 

approach is necessary to understand the real benefits of these options.  

 

Figure 7 Sustainable Developments Goals, prioritized by the United Nations (2015) 

During the 41st UNESCO General Conference in 2021, International Geodiversity Day was 

proclaimed to celebrate, among other things, the importance of Geodiversity in achieving SDGs. Its 

website can visualise how geodiversity and its management contribute to that. 

(https://www.geodiversityday.org/geodiversity-and-the-sdgs).  

G. Geoconservation  

Geoconservation is the conservation of geodiversity for its intrinsic, ecological and heritage values. 

It aims to preserve the geodiversity elements and processes. Also, to maintain the natural rates and 

magnitudes of change of these features and processes (Sharples, 2002).  

This study area understands abiotic components to be as important as those that are living. 

Furthermore, as Sharples (2002) states, geoconservation is the basis of bio-conservation in that it 

provides a variety of environments and environmental conditions that directly influence the development 

of life. Nevertheless, geodiversity has value itself, independent of its relationship with life, and therefore 

https://www.geodiversityday.org/geodiversity-and-the-sdgs
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needs its own methodologies for its conservation and preservation. Thus, a more holistic view of nature 

conservation will include both biodiversity and geodiversity conservation, understanding the close link 

between the two. 

H. UNESCO Global Geoparks 

UNESCO Global Geoparks (UGGp) are unique and unified geographical areas where sites and 

landscapes of international geological significance are managed with a holistic concept of protection, 

education, and sustainable development. Their bottom-up approach combines conservation with 

sustainable development and the involvement of local communities (UNESCO, 2022a).  

While geoconservation allows the value of the territory to remain over time through safeguarding 

geodiversity, particularly the selected and inventoried elements, education helps local communities 

empower themselves with this knowledge and 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 & Patzak (2004) consider that the impact of a geopark area is not only the improvement of 

the quality of life of the people who live there but also of the immediate rural environment, strengthening 

people's identification with their territory and boosting cultural revival. Furthermore, they add that, while 

respecting the environment, Geoparks stimulate the development of local innovation: small businesses, 

craft industries and new jobs generate new sources of income. This link between geoparks and 

sustainable local development is reflected in the 177 geoparks recognised by UNESCO, located in 46 

countries (UNESCO, 2022a).  

 

Figure 8 Global and regional distribution of UGGp. Each colour represents a regional network: the Asia Pacific 

Network (green), the European Network (blue), the African Network (Magenta), the Latin American Network   



13 

2 Characterization of the study area 

2.1 Patagonia Verde is a nature reserve at the end of the world. 

Patagonia is a territory located at the southern edge of South America, belonging to the republics 

of Chile and Argentina. The limits of Patagonia are the Atlantic Ocean to the east, the Pacific Ocean to 

the west, and Cape Horn to the south. The northern boundary has historically been more ambiguous, 

although various antecedents suggest that it would be located close to the latitude of the city of Temuco 

(Schilling et al., 2017) 

 

Figure 9 Location of Patagonia Verde. Taken from Schilling et al. 2020. Design: Daniela Gallardo Diaz. 
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Patagonia Verde corresponds to a portion of this mythical region (Figure 9), belonging to the Lake 

District and includes, from north to south, the municipalities of Cochamó, Hualaihué, Chaitén, Futaleufú 

and Palena. It covers an area of 19.213 km2 and is home to an estimated population of 22,372 

inhabitants, resulting in a population density close to one inhabitant per km2.  

It is located in the northern part of the Patagonian Andes Mountain range, between the high 

peaks and the Pacific Ocean. This condition, unique in the world, allows the meeting of two ways of life, 

very close in distance but very different in culture. On the one hand, the communities that inhabit the 

coastal areas of this territory have a greater cultural affinity with the communities of insular Chiloé and 

the Huilliches traditions, while those in the mountainous areas of the east are close to the gaucho culture 

also present in Argentina (Gomez, C & Barría K, (Ed.), 2018)  

 

Figure 10 The riverside carpenters are part of the living heritage of Patagonia Verde and part of the fishing and 

timber tradition of the territory. Ph: Patricio Contreras. 

Also, the proximity between the mountains and the sea generates a unique climate associated 

with the high annual rainfall of the oceanic and temperate rainy climates. This condition, in turn, generates 

a singular endemic forest, known as evergreen or Valdivian, protected under the figure of the Biosphere 

Reserve of the Temperate Rainforests of the Austral Andes of UNESCO (UNESCO, 2022) which covers 

much of the territory, dubbing green this part of Patagonia. One of the iconic trees in this reserve is a 
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conifer called Fitzroya cupressoides, locally known as Alerce, a tree over 50 metres tall and whose life 

span is estimated at over 3600 years, which makes it the second most extended living tree after 

bristlecone pine (Pinus longeva) (Lara, & Villalba, 1993). 

Figure 11. The thousand-year-old larch trees were felled and sold for centuries and constituted the main engine of 

the regional economy and culture. Overexploitation and their disappearance in large areas of the territory led to 

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 parts of 

the country, rising slightly above 2,000 m a.s.l., primarily where the volcanoes are located. Between the 

mountains, the valleys were shaped by glaciers, almost wholly covering the territory before initiating a 

rapid deglaciation process some 18-19 kyr (Davies et al., 2020). Nowadays, these landscapes shelter 

several lakes, rivers and human settlements fed by the water of glaciers that survive the retreat on the 

main summits of Patagonia Verde. In other cases, the sea has flooded and eroded the valleys, mainly in 

the central depression, resulting in the characteristic gulfs and fjords, which, under their waters, still keep 

a record of the glacial processes that gave rise to them (Dowdeswell, 2016).  

 

Figure 12. The high areas of the Michinmahuida volcano host several glaciers. In the photograph, the Amarillo 

(Yellow) Glacier descends from the mountain and makes its way through the vast valley it undermined in the past. 

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

ranging from the accretion of exotic terrains such as Chaitenia (Herve et al., 2016) to the volcanic 

eruptions and landslides that have occurred in recent years  

Patagonia Verde has a unique tectonic configuration in the world where different geological 

processes are interrelated, mainly because an enormous active tectonic area along 1200 km, from the 

Antuco volcano in the north to the Gulf of Penas in the south, known as the Liquiñe-Ofqui Fault Zone. This 

set of faults has had a close relationship with magmatism (e.g. Pankhurst et al. 1992), active volcanism 
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(e.g. Cembrano & Lara, 2009) and thermalism (e.g. Ruiz, B., & Morata, D, 2016), controlling the 

occurrence and interconnection of all these processes. In addition, the glaciers that covered the territory 

during the last glaciations preferentially eroded the rock massif weakened by the tectonic activity 

(Ghiglione, 2017), 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 Yates, 

Hornopirén, Huequi, Chaitén, Michinmahuida, Corcovado and Yanteles, but there are many others (Annex 

7.1). Several of these volcanoes have had historical eruptions. For instance, the Chaitén volcano eruption 

in 2008 (Major & Lara, 2013) caused the evacuation of the population of Chaiten, a city of approximately 

4.000 inhabitants. This evacuation was the biggest performed in Chile to date. Then, this city was partially 

destroyed due to the lahars formed from the large amount of volcanic material transported by heavy rains. 

Historically, numerous landslides have also occurred, some of which destroyed houses and 

caused fatalities. The most significant landslides in this territory are those that occurred in Lago Cabrera 

(1965), Buill (2002), Villa Santa Lucía (2017) and recently, El Amarillo (2020). 

 

Figure 13 One of the largest landslides that occurred in Patagonia Verde was in Villa Santa Lucia on December 

2017. This landslide caused 21 deaths, one disappearance, devastated vegetation, covered routes 7 and 235, 

destroyed houses and infrastructure near the Burritos river and deposited on Villa Santa Lucia. 

A significant part of Patagonia Verde's territory is now devoted to conservation and nature tourism. 

The Hornopirén, Corcovado and Pumalín Douglas Tompkins National Parks, which form the northern part 

of the Route of National parks of Patagonia, are located here. Other protected areas are the Futaleufú 

and Lago Palena National Reserves (see Figure 15).  
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The main access to Patagonia Verde is Route 7, known as Carretera Austral (Austral Highway). It 

starts in Puerto Montt and continues south through the Aysén Region, ending at Villa O'Higgins in the 

Magallanes Region. The Carretera Austral is a scenic route recognised worldwide because it allows 

enjoying forests, fjords, rivers, glaciers, volcanoes and hot springs, having a wide variety of tourist 

activities, such as hiking, mountaineering, kayaking (Figure 14), rafting, horseback riding, sport fishing, 

climbing, among many others  

 

Figure 14 The Futaleufu River is an internationally recognised destination for rafting and kayaking. Its rapids, class 

III, IV and V, motivate many athletes who visit Patagonia Verde and challenge the river's waters. Ph: Paulo Urrutia 
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Figure 15 Patagonia Verde and its National Parks and Reserves. 
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2.2 Brief of the Geological Evolution  

The oldest geological records in Patagonia Verde are Devonian metamorphic rocks interpreted to 

be derived from an oceanic island arc/back-arc system named Chaitenia (Duhart et al., 2009, Herve et 

al., 2016). It was formed at c. 395 Ma due to enhanced lithospheric thinning driven by slab roll-back 

resulting in the rifting and detachment of the North Patagonian Massif's forearc and the formation of a 

marginal oceanic basin between a remnant continental arc and the outboard Chaitenia island arc (~395 

Ma; Herve et al.2016;2018). The closure of the marginal basin and accretion of the Chaitenia island arc 

against the stable continent occurred during the Mississippian, around 360-340 Ma (Rapela et al., 2021). 

The rocks recognised as Chaitenia are interpreted as an insular volcanic arc and a shallow seabed 

surrounding it. The volcanic arc is represented by magmatic-derived rocks found at Pichicolo, Chaitén 

and Lago Yelcho. On the other hand, the seafloor is characterized by volcanic deposits and sedimentary 

sequences, such as the Riñihue Fjord's pillow lavas and the Buill locality's slates. 

In addition, it is worth noting that these slates contain one of the two fossil records of Trilobites in 

Chile, which have been fundamental for dating these rocks. (Levi et al., 1966; Fortrey et al., 1992; Duhart 

et al., 2009). 

 

Figure 16. Trilobites colected  by Fortrey et al. (1992) in the locality of Buill. The exact provenance of these fossils 

is unknown and of great scientific interest.  
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The Carboniferous to Permian geological record in this region evidences magmatism, 

deformation and metamorphism and, together with the Devonian outcrops, are part of the Main Range 

Metamorphic Complex (MRMC). Nevertheless, Rapela et al. (2021) suggest that the later events must be 

separated from the Devonian episodes described above, and probably relate to a different tectonic setting. 

At present, little is known of the geological history of Patagonia Verde during the Triassic (250-

200 Ma). However, from evidence found further north, it can be inferred that there was magmatic and 

volcanic activity, along with the formation of continental basins where forests with diverse species of flora 

developed (Herbst et al., 2005) 

The Andean Cycle began in the Jurassic (ca. 200 million years ago). During this period, a 

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

generated volcanic and plutonic rocks and depositional basins synchronous or diachronic with the 

magmatism (Figure 17, Duhart & Quiroz, 2006). 

 

Figure 17 Tres Monjas Hill. On the high summits of the Futaleufú and Palena peaks, it is possible to find volcanic 

and sedimentary records of the Jurassic and Cretaceous periods  

Pankrhust et al. (1992) mention that given the geological record, a mid-Jurassic volcanic arc and 

a possible marine back-arc or pull-apart basin are inferred. These were associated with a strike-slip 

movement developed within the continental margin east of the late Palaeozoic accretionary complex. 

Thus, according to these authors, the mid-Jurassic could be the primary development of the Liquiñe-Ofqui 
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fault zone, roughly following an ancient margin between the Palaeozoic accretionary complex and the pre-

existing continental block of Patagonia.   

The 176 Ma volcanic rocks at Pichicolo belonging to the Pichicolo volcanic formation 

(SERNAGEOMIN-BRGM, 1995) represent the Jurassic volcanic arc. Subsequently, the extension of the 

continent related to the opening of the Atlantic Ocean produced thick volcanic sequences between 160 

and 150 Ma, which have been grouped in the Ibáñez Formation. These outcrops can be recognised in 

southern South America and even Antarctica (Pankhurst et al., 1998). 

 

Figure 18 El Aceite Hill. The fossils found at this locality have helped correlate these rocks with others from the 

Aysén Basin. 

During the Jurassic tectonic extension, back-arc subsidence and subsequent post-rift thermal 

relaxation would have been responsible for the opening of the Aysén Basin (Bell and Suárez, 1997). This 

basin was filled between the Titonian and Aptian with marine and volcanic sedimentary formations 

grouped under the Coyhaique Group (Haller and Lapido, 1980). This group records a marine 

transgression (Toqui Formation), deepening (Katterfeld Formation) and subsequent uplifting (Apeleg 

Formation) period in which volcanic activity would have decreased (Duhart & Quiroz, 2006). Local 
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expressions of these rocks are found in El Aceite (Figure 18), Río Palena and Cerro Díaz Formation 

(Fuenzalida, 1965, Haller and Lapido, 1980, 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 Futaleufú and 

Palena municipalities, sometimes as roof pendant (SERNAGEOMIN-BRGM, 1995). 

 

Figure 19 Batolito Nor patagonico observado desde el Cerro Arcoiris. Este Batolito  is one of the world's largest 

subduction-related Cordilleran plutonic complexes (Pankhurst et al. 1999)  

Between 120 and 100 Ma, large bodies of granitic rocks were formed that occupy extensive areas 

of Patagonia Verde, mainly east of the main trace of the LOFZ. These intrusive rocks, together with others 

of similar composition and genesis between the Jurassic and Miocene, form the Patagonian batholith 

(Munizaga et al. 1988; Cembrano 1990; Pankhurst et al. 1992; Pankhurst et al. 1999; Adriasola et al. 

2006; Hervé et al., 2007, Adriasola y Stöckhert, 2008, Aragon et al., 2011). The Patagonian batholith 

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

47° is called the North Patagonian Batholith (NPB) and is the one observed in Patagonia Verde. A gap in 

the plutonic history of the NPB during the early Cenozoic coincides with a stage of extension, volcanism 

along the Coastal Ranges and the development of several intermontane basins beneath the Central Valley 

(Adriasola & Stöckhert, 2008). The plutonic rocks of the North Patagonian Batholith are evidence of the 

establishment of a new magmatic arc at the Main Cordillera during the Aptian-Albian (120-100 million 
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years ago) associated with active subduction. Volcanism lasted until 100 Ma, when the volcanic rocks in 

the extreme south-eastern part of the territory were formed, grouped in the formation known as Cordón 

de Las Tobas (Fuenzalida, 1965; Haller and Lapido, 1980, 1982; Duhart & Quiroz, 2006).  

During the late Oligocene and early Miocene, Patagonia's most important Cenozoic marine 

transgression occurred (Encinas et al. 2014,2018). At that time, the Pacific and Atlantic marine waters 

flooded most of southern South America, including the present-day Patagonian Andes, allowing, for the 

first time in the history of this area, a possible transitional connection between the Pacific and Atlantic 

oceans. 

 

Figure 20 Ayacara Formation. The sedimentary and volcanic deposits found in this formation have been essential 

to understanding one of the most critical transgressions of the Cenozoic 

This marine ingression was probably caused by a regional spreading event related to a prime 

plate reorganisation in Southeast Asia. The non-marine La Silla and La Junta formations and the Traiguen 

Formation to the south represent early basin compartmentalization (at ~26 Ma), followed by increasing 

subsidence rates due to the progressive extension and crustal thinning (Encinas et al., 2016). 

Subsequently, widespread marine flooding of Patagonia reached its maximum extent at ~20 Ma during 

the deposition of the deep marine Ayacara-Puduhuapi and shallow marine La Cascada-Vargas formations 

(Encinas et al., 2018, Echaurren et al., 2022). Compressional tectonics start around 18-16 Ma and 
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propagate at ~15-9 Ma, leading to the basin inversion and the Patagonian Andes' growth (Encinas et al., 

2018, Echaurren et al., 2022). 

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

extension and inversion process between the early Miocene and Pliocene. Plutonic rocks are mainly found 

east of the LOFZ in the North Patagonian Batholith (Munizaga et al. 1988; Hervé, 1994; Pankhurst, 

1992,1999), and their emplacement suggests structural control by the LOFZ, which has been active at 

least since then (Cembrano et al. 1996; Cembrano & Lara 2009). Volcanic and volcano-sedimentary 

rocks are found on Chiloé (Antinao et al. 2000) and the mainland, in formations representing the time's 

primary depressions, for instance, Ayacara Formation and Puduhuapi Formation (Encinas et al. 

2013;2018).  

 

Figure 21 Geological evolution of Patagonia Verde. Modified from Schilling et al. 2020. Original version design: 

Daniela Gallardo Diaz.  
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During the Pliocene and Pleistocene, volcanism associated with the generation of lavas, 

pyroclastic deposits and lahars continued, and the predecessor volcanoes to the present-day ones were 

formed. There was also the formation of stratified sedimentary rocks of continental origin represented by 

the Llahuen Formation (SERNAGEOMIN-BRGM 1995). 

In Patagonia Verde and nearby areas of southern Chile and Argentina, four important glaciations 

have been recognised that have covered the territory with ice during the Quaternary as a result of relatively 

lower global temperatures (Mercer, 1976; Porter, 1981; Rabassa and Clapperton, 1990, Clapperton 

1994, Harrison & Glasser 2011). These glaciations are known as Caracol, Río Llico, Santa María and 

Llanquihue (Porter 1981). All these glaciations are separated by interglacial periods. The large masses of 

ice formed during these glaciations have caused intense erosion and denudation of the relief of this 

territory, forming U-shaped valleys and depositing various types of moraines on the edges of the glaciers 

(Ghiglione, 2017). During these cold periods, the Gulf of Corcovado was entirely covered with ice, reaching 

as far as the island of Chiloé (Davies et al. 2020). In the territory, some outcrops suggest that there may 

have been an interaction between glaciers and volcanism. For instance, La Silla hill is interpreted in this 

work as a subglacial volcanic deposit known as a Tuya. 

 

Figure 22 La Silla hill. Drone photography during fieldwork suggests that the Cerro la Silla may correspond to a 

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

Since the end of the Pliocene, there has been an increase in the Earth's temperature and the 

consequent melting of the large ice masses, causing a significant sea level variation and the formation of 
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lakes, bays, rivers and fjords(Denton et al. 1999, Abarzua et al., 2004, Ghiglione, 2017). In addition, high 

uplift rates have been reported in Patagonia (Dietrich et al. 2010, Richter et al. 2016) and particularly in 

Patagonia Verde (Herve & Ota, 1993), possibly linked to isostatic rebound generated by the absence of 

ice masses. This rebound has generated a series of terraced deposits of a few metres in height with 

shells, known locally as "cochales", which are evidence of this process. Currently, the subduction process 

of the Nazca plate continues under Patagonia Verde, generating intense volcanic and seismic activity, 

mainly controlled by the LOFZ (Cembrano & Lara, 2009). The retreat of the ice has exposed the different 

glacial morphologies and, with it, the relief with steep slopes, which, together with seismic activity and 

intense rainfall, have generated landslides of varying magnitudes, and with it, an impact on the population 

(e.g. Buill 2012, Santa Lucía 2019, Amarillo 2021).  

 

Figure 23 The Chaitén Volcano Eruption (2008) caused the evacuation of the population of the Chaitén village 

and later its partial destruction. Ph Daniel Basualto 

The spatial distribution of the Patagonia Verde rocks is shown in Figure 24 
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Figure 24 Geological Map of Patagonia Verde, scale 1:500.000. Modified from Schilling et al. 2020. Original 

versión design: Daniela Díaz Gallardo. Map Leged Figure 25 
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Figure 25 Map legend 
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2.3 Threats affecting Geodiversity in Patagonia.  

Although geodiversity is composed of durable elements, such as rocks, there are fragile and easily 

destroyed elements. Moreover, unlike biological processes, most geological processes occur on scales of 

thousands to millions of years. Thus, the destruction of geodiversity is, in almost all cases, irreversible. 

As in other territories, in Patagonia Verde, some activities threaten the partial or total destruction of 

geodiversity and, in particular, some examples of value to society 

A. Energy 

As the development of cities progresses and the growth of the population, both residents and 

visitors, increases, so do the territory's energy needs. Furthermore, considering that the main towns in 

the territory, Cochamó, Hualaihué, Chaitén, Futaleufú and Palena, use highly polluting energy based on 

the burning of hydrocarbons, it is necessary to look for alternatives to improve the quality and quantity of 

energy produced. In this line, there are renewable and clean energy sources available with great potential, 

such as hydroelectric (Aquatera, 2014), tidal (IDE, 2022), wind (IDE, 2022) or geothermal (Lemus et al., 

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

However, given the excellent energy potential, Chilean Patagonia has been threatened several 

times by hydroelectric megaprojects. Given their size, commercial objectives and planning outside the 

territory's needs, these projects have been nightmares for the inhabitants. One of the causes of this 

controversy lies directly in the constitution. The current political constitution, in article 19 N° 24, mentions 

that "The rights of individuals over waters, recognised or constituted under the law, will grant their owners 

the property over them", and in this way, the property over the rivers of Patagonia is possible. 

Consequently, multinational companies, such as ENDESA (now ENEL), owned the water rights of the 

principal watercourses in the region. Hydroelectric studies and mega-projects were generated around 

them. 

One of the most significant examples was the Hidroaysen project which contemplated the 

construction and operation of five hydroelectric 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 the 

neighbouring region, it contemplated connecting to the Chilean Central Interconnected System. This 

decision meant constructing a transmission line of almost 3,000 kilometres that would affect six national 

parks, eleven national reserves, twenty-six priority conservation sites, sixteen wetlands and thirty-two 

private protected areas. This project was latent for several years until enormous social pressure through 
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the Patagonia Sin Represas (Patagonia without dams, https://www.patagoniasinrepresas.cl) movement, 

supported mainly by the Douglas Tomkins Conservation Foundation, managed to paralyse it.  

 

Figure 26 Patagonia Sin Represas (Patagonia without dams) movement was one of the most significant 

environmental movements in Chilean society's history. https://patagoniasinrepresas.cl 

The mobilisation of citizens and the various NGOs in the territory led to the failure of Hidroaysen, 

the return of water rights by ENDESA (Bevilacqua, 2016) and the cancellation of other emblematic 

projects such as the Futaleufú river project. In addition, these moves laid the groundwork for other 

projects, such as the Mediterraneo power plant on the Puelo River, to be shelved (Velásquez, 2018)  

To date, data from the IDE (2022) indicate that the only projects approved in the territory are in 

the Negro River, Hualaihue, including the controversial project of the Río Negro Hydroelectric SPA (Figure 

27), which is causing controversy among the inhabitants. (Sepulveda, 2021)  

Patagonia's energy potential is still intact, and new projects can and must be generated if the 

objective is to move towards sustainable development and eliminate fossil fuels, but their success will 

only be guaranteed to the extent that they are proportional to the needs of the environment and the 

inhabitants of the different localities 

https://www.patagoniasinrepresas.cl/
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Figure 27 Energy information map. Source: IDE Energy Institute (2022) 
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B. Mining industry 

The mining industry, particularly gold mining, is one of the main concerns of the communities 

due to the enormous environmental impacts it has historically had in this and other neighbouring 

countries.  

Since the 1990s, several gold explorations in Patagonia Verde have kept the population on alert. 

While in the Andean part of the country, explorations focus on finding Cu-Pb-Zn belonging to the 

metallogenic belt, Au-Ag is the resource sought in the placers of the coastal sector (Duhart, 2006). 

 In 2007, alarm bells went off when Kinross Gold Corporation and Geocom Resources selected 

the Espolón sector in Futaleufú as a gold mining project with 13 claims totalling 3,800 hectares. (San 

Cristobal, 2007). Although nothing is known about the execution of the project, among the people who 

participated in the Patagonia Verde Geotourism project meetings, there was mistrust concerning the 

construction of new roads in the sector and, in general, of the public works that seek to generate 

connectivity between Chaitén and Futaleufú. 

 

Figure 28 Evolution of the surface area of mining concessions (ha) in force, Los Lagos region. Source: 

Sernageomin (2021) 

Nevertheless, in 2021, the Lake District had only 1.4% of the country's exploration concessions 

and 0.7% of the country's exploitation concessions. With a decreasing exploration activity since 2016 

(Sernageomin, 2021), there are no known advances in mountain range projects. However, new 

exploration and exploitation concessions in the Huequi Peninsula are linked to gold placers.  
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Figure 29 Estado de las conseciones mineras en Patagonia Verde. Datos obtenidos de Sernageomin (2022b) 




































































































































































