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Geoconservation diagnosis astool for aspiring geoparks: a case study in
Alto Ricaurte region, Boyaca, Colombia

ABSTRACT

TheAlto Ricaurte regitotatedni nortkeastern Ganbia, 160 km from the capitaludes the
municipalities of Sachica, Santa Sofia, Sutamarchan and Villa idedraywgy, Bhcradle of
Colombia's archaeological, histwdbdéctural, cultural, natural and geological pestagss

the necessacpmponents to become a UNESCOGelopatk. In the region, for example, there
areexamples of appriation of geoscientific knowledge by local institutions and social actors, geo
educatiorinitiatives gegroducts,examplef successfuhuseum managemertotourism

activities, among others. Thesaaitsi an exceptional place to study thestefabietween geology

and society through the approach of geodiversitwithaltmsarkabiltural, spiritual and

ecoommic valueS.he work methodology included a literature review, the definition of a conceptual
and philosophical model to strubeigebconservation stratagwersations and interviews with

social actors and experts, fieldsuvdys through the use of geoconservation forms, and analysis

of the information. After an assessment based on the recognition of the different services provided |
geodiversity to society, as well as the value and us#fielloess kiiowledgewas possible to
accomplish a diagnadithe state obnservation of geodiversity, and to propose a geoconservation
strategy. Tlamalysigevealethat the main tlats to geodiveysin the area are the private character

of the landegrritorial expansion, quarrying, tqanessure and lack of awareness. The proposed
geoconservation strategy consists of six ke\l. sizgigning the scope and purpose; 2.
Understading geodiversity ayabheritage; 3. Inventory, assessment and selection of sites; 4.
Geoconsaation diagnosis; 5. Strategjion plan on geoconsery#&idxpplication and monitoring

of the strategit. is hoped that this master thesis will ¢entabinecomprehension of the
geodiversity of the Alto Ricauegition to territorial planning and geoconservation policies and

actionsnthe area, especially in the carftexpssible UNESCO Global Geopark application

Keywords: Coibia, geoconservatgegdiversityeoparkgaleontological heritage



Diagnostico de geoconservacao como ferramenta para 0os geoparques aspirantes: um
estudo de caso na regido de Alto Ricaurte, Boyaca, Colémbia

RESUMO

No nordeste da Coldmbia, a 16fakrapital do pais, s#ea regido de Alto Ricaurte, incluindo

0S municipios de Sachica, Santa Sofia, Sutamailthdte ¢ &yjiva. Este territieoco do

patrimonio arqueoldgico, hiseqaitectdnico, cultural, natural e geoldgico da Gandhoblias t

os ingredientes necessarios para se tornar um Geoparque Mundial Ma t&yBESC@or

exemplo, existearemplos de apropriacdo do patrimonio geocientifico por instituicbes e actores
sociais locais, iniciativas de geoeducacadutgenm@remplos de gestdo de museus, ecoturismo,

entre outros. Além disso, € um lugar excepcional para estudar a relacao entre a geologia e a sociede
atravéslaaproximacatons valores da geodiversidadim setéveis os valores cultural, espiritual e
econdmicA metodologia de trabalho incluiu reviséo bibliogréafica, definicdo de um modelo conceptua
e filoséfico para estruturar a estratégia de geoconservacao, inquéritos, cevistaisasoeent

actores sociais e espetaglisabalho de campo, utilizacao de fichas de geoconservacao e andlise
da informacgédo. Apds uma avaliagdo baseada no reconhecimento dos varios servi¢os de geodiversid
a sociedade, bem como do valor e utilidade do conhecimento local, foi Hitmudo d&tgdo

de conservacao da geodiversidade na area, e foi proposta uma estratégia de geoconservacgao. A ané
levou a concluséo de que as principais ameacas a geodiversidade da area sao a natureza privada
terreno, a expansao territorial, asrpedagpressao turistica e a falta de sensibilizacdo. A estratégia

de geoconservacgao proposta compreende sethpaskoSefilcdo de ambito e objectivo; 2.
Conhecimento da geodiversilagmtrimonio geologicon@ritario, avaliacéo e seleaiios

geoldgicos; Biagnostico da geoconservac®ano de accaoratgico para a geodiversidade;

6. mplementacdo e acompanhamento da esEapEgme que esta tese de mestrado contribua

para o conhecimento da geodiversidade de Al Beracomo para politicas e accbes de
planeamento territorial e de geoconseargagéen, especialmente no quadro de umel possiv
candidatura como Geoparque Miadi&IESCO.

Palavrashave: Colérabgeoconservacgeodiversidadgoprquespatrimonio paleontologico



Diagndstico de geoconservacion como herramienta para geoparques aspirantes:
estudio de casan la region del Alto Ricaurte, Boyaca, Colombia

RESUMEN

Al noreste de Colombia, a 160 km de la capital del pais, seaargi@mulall Alto Ricaurte, y en

ella, los municipios de Sachica, Santa Sofia, Sutamarchan y Villa de Leyva. Este territorio, cuna c
patrimonio arqueoldgico, hisamcoitectonico, cultural, natural y geoldgico de Colombia, posee
todos los ingredienteecesarios para convertirse en un Geoparque Mundial de la UNESCO. En la
region, por ejemplo, se encuegjgarplos de apropiacion del patrimonio geocientifico por parte de
instituciones locales y actores sociales, iniciativasldeagéogegroductos, ejemplos de

gestidbn museoldgica, ecoturismo, entre otros. Ademas, es un lugar excepcional para estudiar le
relaciones entre geologia y sociedad a través del enfoque de los valores del a geodiversidad, sier
notable los valores cultasgliritual y econdmica metodologia de trabajo incluyd revision literaria,
definicion de un modelo conceptual y filoséfico para estructurar la estrategia de geoconservacio
encuestas, conversaciones y entrevistasresnsactales y expertos, trabajo de campo, uso de

fichas de geoconservacion y analisis de la informacién. Tras una evaluacion que se basoé en ¢
reconocimiento de los diversos servicios de la geodiversidad a la sociedad, asi como del valor y utilic
del caocimiento de los locales, se logré un diagnéstico del estado de conservacion de la geodiversid:
de la zona, asi como proponer una estrategia de geoconservacion. El analisis permitié concluir que |
principales amenazas a la geodiversidad de la ebre@aréoter privado de los terrenos, la
expansion territorial, las canteras, la presién turistica y la falta de concientizacion. La estrategia c
geoconservacion propuesta comprende seis pasos fundamentales: 1. Definicion del alcance y
proposito; 2. Gmrimiento de la geodiversidad y el geopatrimonio; 3. Inventario, evaluacion y seleccion
de sitios geoldgicos; 4. Diagnéstico de la geoconservacion; 5. Plan de acqgi@naekstratégico
geoconservacidh Aplicacion y monitoreo de la estrategia. Squespsta tesis de maestria
contribuya al conocimiento de la geodiversidad del Alto Ricaurte, asi como al planeamiento territor
y a las politicas y acciones de geoconservéeipona, en especial en el marco de una posible

candidra como Geoparque Mundial de la UNESCO.

Palabras clave: Colombia, geoconsegeddrersidagkoparques, patrimonio paleontoldgico
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Figure 44Mlining censuatd consulted as of March 20Q2& « « « « « & « « « « & « € « «
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Chapterl. Presentation

This first section briefly presents the studiyeaodgedtives of this Mastessedatigrand the

methods that were used to achieve these objectives.

1.1. Introduction and background

In the last 20 ysathe nterest ithe study and conservation of geoheritagevmasignificant

growthin Colombia. Since 2016, the Colombian &eSlogey (8 has been workingaon
methodology for thational inventory, with a pilot plan in the department of Boyaca. This first
departmentahientory used a spegiBthodievelopezbnjointly with the Spanish Geological Survey
(IGME) and resdlie an inventory ofg&logicaltes for an area of 23.189(8efvicio Geoldgico
Colombiano, 246The SGC has also worked on other research and dissemination initiatives and
projects, which can be consulted on its wBbsitdes the interest gaoheritage and
geoconservatistimulatedy SGQrojectsnumerous academic publicatiorpuahiceventgsee

section 2.3)esulted iseverasocial actors and communities involves$entopics. In the last

yearsat leasfivegeopark projects beernaunckd in Colombia.

The Alto Ricaurte region shelters outstanding gdedogitslbject to diverse and important
researcimostly related to fiestaceoysaleontological record. In this area, with several museums
dedicated to conservatidncation and research, the idegeofparkrojechas been promoted

since 2020, namely byZhguenzigaeoparfrojectDuetothe presence and support of different
public and private institutions interested in the promotion of education, agdotourism
geoconservation in the region, the jouangiESQ@cognition of a geopek started. Although
therdssome basis fogaoheritagaventory in the region, theredstadeihformation about the
conservation statug@blogical sitesAlto Ricaurte. Moreover, there genatahstructions or
guidelines for geoconservation in Colombia at any scale. Given the high poteiatinéaf the area
UNESCO Gloks#oparkUGGplsee Chapter,3) becomes necessary to make advances in a
ge@onservatiotiagnosis and propossomegeoconservatistrategiefor the regioihese

diagnoseandguidelines whié an important inpoit an eventual UNESCO application dossier.



Ths dissertatiodeepens itinreats and conservation issigestogical sitaa four municipalities
oftheAlto Ricaurte reg{Bachica, Villa de Leyva, Sutamarchan and Sgard Baffiossome

general geoconservation guidelitirestéoritory under the approach of a pajeopark project.

These guidedm will comprise both general and specific recommendations, with anamphasis on
broadgeoconservation stratedyetollowed by stakeholders, diecisiakers and management

bodiesvithin the geopark project.
1.2. Objectves

The main objective of this mdstsertatiols topropossome geoconservation stratiegidse
region comprising the municipalities of Villa de Leyva, Sachica, Sutamarchan and Santa Sofiz

envisagirgUNESCG@eopark project.
The specific objectives are:

f To identify the méawneatsothe geodiversity, and geoconserssities anchallenges
in the study area;
f To assess tigeneratonservation statug@dlogical siteghe study area;
f To propose a systematic geoconservation strategy and outlirse@ostalismic
geoonservatidor the study area;
f Tomakerecommendations for the conservation of geological sites, in terms of management,
legal protéion, physical protection,deedplanng, potential use and promotion;
f To involve the local commuaftieeAlto Riaurtaegion in thdiagnosis of the
conservation status ofldlcal geodivsity and geological heritage;
f Toincludecal knowledge dhd cltural and spiritual valuegeotiiversibftheAlto

Ricaurte region in the geoconsestediegies
1.3. Methods

Thedevelopment of this dissertfmilonved successive stages represented in figure 1 and detailed

below
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Figurd.. General methodology stages folldkhisthastedissertation

The first stage comprised a literature review of ttsetsobjnplate in the design of a

geoconservation strategy for the study area, namely:

- General literature review on geoconservation methodologies and procedures;

- Geoconservation in UGGp;

- Background and context of geoconservation in gegpaiik @apmbia;

- Geological context, geodiversity and geoheritage in the study area;

- General paleontological context and notable paleontological discoveries in the study area;
- Nature conservation problems atipbthreats in the territory.

Thisstage involved théeston of geoconservation dagistrategies to be used as a reference for
the construction of geoconservation guidelines for the Alto Ricaurte region. In this respect, the IUCH
Guidelines for geoconservation in protectedemddaneas (Crofts et al., 2020) were used as an
important conceptual and philosophical basis for this dissertation. Geoconservation terminology, ¢
well as its definition and importance for nature conservation and society, are clearly explained in th
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publication. Moreover, given the UGGp definition, an approach that considers geodiversity as &
integral part of nature as supporting biodiversity and providing ecosystem services (Gray, 2011; Ve
Ree & Van Beukering, 2016; Brilha et al., 2018) isyrfecessamethodological design within a

geopark project. The key guiding principles for geoconservation in conserved areas manageme

followed during this dissertation are shafla in

Table 1. Key guiding principles for geoconservation iagasattaoagement (Crofts et al., 2020).

1 The multiple values of geodiversity and geoheritage should be recognised.

2 Effective geoconservation requires a rigorous and systematic approach to all |
identification, assessment, managemerdratoding.

3 ODQDJHPHQW RI QDWXUDO V\VWHPV VKRXOG TZRUN
over their full range of variability.

4  Natural systems and processes should be based on sound understanding, and mana

integated manner.

Geoconservation strategies should include vulnerability and risk assessment

The inevitability of natural change shoedddpgzed.
The effects of global climate change should be assessed and acted on as far as achie

Natwal systems should be managed within the limits of their capacity to absorb chang

© 00 N o O

The interaction and interdependency of geodiversity, biodiversity and cultural her
recognised.

The literature revision was also focused on conoretergatien methodologies and strategies

that have been proposed or applied in other territories. Some of the methodologies analysed incluc
Sharples (2002), Wimbledon et al. (2004), Prosser et al. (2006), Sa(®008)eiral. Brilha

(2016). The gawdrsity strategies of Basque Country (Arana@alkarege 2013) and Andalucia

(Junta de Andalucia, 2008) in Spaén paeticularly useful for the propgpsecbnservation

guidelines (see Chapter 5). These methodologies encompass diversetsrattiraiggaped

or not deepenexich as the administrative astitutional framework, -lesed planning, the

inclusion of geodiversity in environmental administrations, the coordination between institutions, an

the need for policies and programmegfpthe conservation of the geodiversity and geoheritage.

After analysing these documents, the geoconservation guidelines were designed on two different lev
a general geoconservation plan and a specific geoconservation strategy to bgeqptigchto each

site (see ChapterH)e fieldork allowed



- To understand the community perception about conservation issues and main threats to loca

geodiversity and geoheritage;
-To compile information about geodiversity values in the AltodRicaurte regi

-To collect field information to assess the conservation status of the most relevant geological sites

the study area,;

- To involve local communities in the construction of the knowledgalwdsyidtentrals and
threats tdocal geodiversiiyd geoheritage, including ezt knowledge and tbeftural and

spiritual linkages with geological and landscape elements;
-To evaluatmks otherunning geopark initiatite the community.

The fieldwork resulted in a rich body of knohdedgaes integrated with the definition of a
geoconservation model produced in the previous stage, ttheqetnariservation diagnosis
(chapter 4) am@oconservatimmposaltheoretically solid but additionally adapted to the geological,
culturbhand social conditions in the study area. The data integration gesdtatidragnosis of
geodiversity conservation in the esgpenific diagnosis of the conservation status of the inventoried

geologicaitesandsome proposals fayencoservatiostrategy ithe region (see Chapter 5).






Chapter 2. State of artabout geoconservation ingeoparksand other conserved

areas
2.1. Introduction

According UNESCOZEHEVLWH *OREDO *HRSD Hplival 2rgds where QtédO H X QL
and landscapes of international geological significance are managed with a holistic concept o
SURWHFWLRQ HGXFDWLRQ @RESCY,X202UEer) Ehis Qdefiniod,Y HOR S F
geoconservation emerges not only as ehkeypsthategies within UNESCO Global Gatipagks
with tourism and educa#ibat as a compulsstyategyo achieve the ultimatalgf sustainable

development.

AsreferredbyBrilha (2014), the first definitions of geoconservation d#te badid 890s when

in Tasmania VHYHUDO UHSRUWY DERXW WKH LQYHQWRU\ RI OD
V LJ QL hdrdpQifishad (Sharples, 1993; Dixon & Duhig, 1996; Dixon & Household, 1996, etc)
Atthat timggeoconservation was defisémbnserving the diversity of earth features and systems
(‘'Geodiversity") and allowing their ongoing processes to continue to function and evolve in a natur
fashonu (Sharples, 1993AImost 30 years after, the definition is more eladodated
geoconseation could be describedthe practice ofbmserving, enhancing and pimmgnot

awareness of those features and underlying processessity geadhave significamnsidic,

educational, cultural, aesthetic or ecologi¢éCvaftseand Gon@015; Prosser, 2013 in Gordon

et al., 2018).

According to Brilf2016),the principal steps in the development of an effective geoconservation
strategy for an area or a country involve: 1) inventory of ;g2phsstsgenent \aflues; 3)

conservatn; 4)nterpretation and promotion where appropriate; 5) niRedenindefinitions of
geoconservation have underlined its importance for the conservationobhalerevBdg,

2018; Gray, 201&ordon, 2019; Crofts et2020. As geodisdyis an integral part of nature,

geological heritage is part of the natural heritage of the Earth (IUCN, 2008; IUCN, 2012). Since th
elements of geodiversity are part of the natural capital of the Earth and represent the ground on whic
biodiversity saleveloped, providing ecosystem and geosystem senZ04§ @it et al

2018), geoconservation strategies become an essential component of modatureholistic



conservation, protection and management, and necessary to achieve, foiSinstained)dJ
Development Gq&@dl, 2017When the important role of the -Ea#dterials for the development
of societies and their activstiezognisednd as a connection ofitfierent spheres on the Earth,
geoconservation becommassido(figure 2)

Some general geoconservation strategies and systematic methodolagitssrdissertation
are shown ialtle 2.

Table 2. Example of systematic geoconservation methodologies.

Author Elements/Aspects

Defining a subject framework

Identify potential sites within eaativisibn of each framework
6HOHFW "EHVWpy VLWHYV E\ GHYHORS
documenting each locality selected for conservation
producing, publishing and dissemitmatiresults

Legal and Administrative Instruments and Procedures
Awareness of Issues

Identification of Significant Sites and Processes
Development and Implementation of Management Prescripti
Monitoring and Indicators

Inventory

Quantitative assessment

Conservation

Interpretation and promotion

Monitoring of sites

Defining the purpose and operational scale

Making an inventory

Determining site assessment criteria

Examples of geoheritage inveamtiessessments
Incorporating geoheritage into national, regional and local ag
9 Protection mechanisms

9 Types of governance

9 Expertise requirements

9 International approaches

Wimbledon et 19%)

Sharples (2002)

Brilha (2005, 20)L6

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

Crofts et a2020)




Some services provided by geodiversity to society in the Alto Ricaurte
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Construction Freshwater storage Ornamental
materials and distribution products

<

Understa_nding Earth’s Artistic Employment
history inspiration

Education Habitat provision Tourism and leisure

L] QuALTY
1 ovan 4 i In a paper presented by Gill (2017), Geoheritage and Geotourism are considered as

M’i" I!!” one of the key aspects of geological sciences to achieve the Sustainable
AND COMMANTES.

DECENT WORKAND Development Goals. Visualizing the services that geodiversity provides to society

could help understand better how geodiversity can contribute to these goals.

To the left, some of the goals directly related to the study of Geoheritage and

Geoconservation.

Figure 2Geodiversity and socgtdyne services provided by geoglindisidlto RicaurtegionAfteiGray
(2011) and Gill (2017).



2.2. Geoconservatia in UNESCO Global Geoparks

Geoconservatismecessarityne of the most urgent tasks to develop within any territory aiming to
becomea UNESCO Global GeoparkSke aluation Checkiist for aspiring UNESCO Global
Geoparks (aUG@pyided by the UNES@ydes 8 questions related togsewation:

Do you have a aUGGp geological sites database and inventory?

Do you have a map of the geological sites ofgp@r auG

Do you have a geological map of your aUGGp?

Do your most important aUGGp geological sites benefit from a conservation status?
Do you announce the regulations to prevent misuse and damage?

Do you provide regular maintenance and cleaning of these sites?

~h S S —h —h — %

If you have specific protected fragile geological/geomorphological sites, do you develop
protective measures against erosion?

f s your aUGGp involved in Cultural and Natural conservation?

These questions may serve as aasadigngonservation goalsrieet these requirements and
start developing a geoconservation strategy. In the application dossier, four aspects must be detail
regarding geoconservation in the prgpopadcurrent potential pressure, current status in terms

of protection, data the management and maintenance of the satkst, afimtbgeological sites.

Several documents and scientific publication were reviewed in the interest of listing the most popul:
geoconservation actionsstnategies thatGGpare implementingpand the worl@he setgion

of geoparks was made accorditigetavailabiliof the informati¢@able 3 From this revision, it

can be noticed that the most popular actions for geoconservation include physical protection,

interpretation sources, atian or socialization, and monitoring schemes.

The Geopark TooltkibE://www.geoparktoolkit pagiebsite developed to offer advice and support

to aspiring and existing geoparks under the ausigdesropeéan Union Intdweded Atlantic

Geoparks Project (22020), includes a section dedicated to geoconservation.

10


https://www.geoparktoolkit.org/

Table 3. Summary of geoconservation strategies in some UNESCO Global Geoparks

UGG name

Country

Geoconservation strategies

Source

Hag Kong

China

Construction of paths

Signpost and notices

Fencing or structures to avoid physica
damage

Imposing of fines

Education

Upgrading existing facilities

Repairing identified damages
Training courses and seminar
Monitoring schemes

Nget al
(2010

Lesvos Islan

Greece

~h R R —h R R R R [~ R R~k —~h —h ~h ~h —h

Regular maintenance (fencing, cleanir
Custodial services

Protective installations

Treatment of vulnerable geosites
Annual conservation and protective me
Installation of shelters and stone walls
Interpretation panels

Manitoring system based on the creatig
sophisticated geosite database

Zouros
(2010)

Estrela

Portugal

~

Implementation of Integrated Managel
Areas (IMA)

For each IMA, a Management Plan th;
include, among others, detailed maps,
characterizatiof geosites, existing rout
elements of cultural interest, tourist
infrastructure, monitoring of susceptib
areas, strategic plans

Gomest al
(2018)

Napo Sumac
*aspiring

Ecuador

~h ~h —h

Exploration and characterization of ca
Socialization with locatroainities

Identification of caves suitable for geof
activities

Sanchez
Cortés et al
(2018)

Las Loras

Spain

Statutory protection
Geosites monitoring
Interpretation resources
Scientific activities

Cansin et al
(2020)

Molina & Altc
Tajo

Spain

Stdutory protection

Geosites monitoring

Interpretation resources

Sites in the Global Geosites Program

Cansinet al
(2020)

Azores

Portugal

R R R 1 R R [~ R R~k [~~~ —~~ —H

Geosite Monitoring

Management through protected areas
Involving territorial planning instrumen
Interpretain material

Educational programs on geoconserva

Training courses

Limaet al
(2018)
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According to this tool, geoconservation priorities may vary according to the nature of the geopark, a

they can be:

f Site conservation
f Develop a geoconservatiomnagewl relevance of geoconservation to society

f Interpretation, outreach and policies

Also, some gamnagement actions can help the geopark to meet its geoconservation goals. Some

typical actions include:

Auditing / Inventory of sites and collections
Engging with national designating bodies
Conservation proposals for sites

Managing access and visitor expectations

= Th T T T

Identifying interpretation opportunities
2.3. Geoconservation in Colombia

Alike the rest of the world, geological features and resowgeassitivesth from the history of

nature conservation in Colombia. Considering the magnificent biodiversity of the country, ranked &
the first biodiversity country per kilometre squared in tenbindildlife Fund, 201t7is
understandable tinadst nature conservation laws and actions address biodiversity and neglect the
"QRW OLYLQJu SDUW RI QDWXUH JHRGLYHUVLW\

More than 200 years ago, Alexander von Humboldt had noted, iNd&/fgemégknat the

outstanding biodiversity of the Ameg@an was connected with the rocks, active volcanoes and
geological processes in the area, and that nature was a complex network of which the human being
part(figure B(Wulf2015. Modern studious of geodiversity have also concluded that igeodivers

the basis of biodiversity, and that is impossible to protect biodiversity without considering the rock:
soils and landforms in which these lifeforms have developed, and argue for a more integrated approa
(Reverteet a/ 2000; Alahuhter a/ 2@®0; Crofts, 2019). In a territory with such biodiversity,
geodiversity and geoconservation issues become relevant. Furthermoby, itSologtbia,

biodiversity, possessne of thhighesgeodiversity the world (Vargas, 2018), with a wide range

12



ofminerals and mining resources,afitikerse origin and composition, active geological processes

such as volcanism, kayisicial and othergi(@cio Geoldgico Colompb28i®).
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shows part of the complexity of the interactions between natural systems. The drawing includes the name

plant species distribution according to altitude, as well as humidity, gravity, and bluenessnahthe sky variati

the vertical columns. His ventures through the Andes, including Colombia, inspired his holistic vision of natur
Humboldt's philosophy can be used to better conceptualise the relationship between the modern concepts

geodiversity and biodive&ityrce image: Wikipddias://es.wikipedia.org/wiki/Archivo:Humbolelt1805
chimborazo.jpg

Accaling to Jaramilapata et gR016, geological heritage studies betien86s, and these

decades of work and research are embodied in dozens of articles, book chapters, and national ar

international events and papers. Vargas (2018) tragémihg of thestory of geoconservation

in Colombiat the end of ti#&®th century, when Margaret Medo, a geologist from the Colombian
Geological Survey, proposed the geoheritage concepttlas vealis for accomplishinfirshe
inventonyDuring th2lstcentury, several studiesemtogical heritage, geotourism andegsityli

were published as scientific publicatiess. studies have created a basis for the stbewif art

geoheritage in the coubigingegional inventories and some geoheritage use {hreposgals
topics.
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As QuintedMdarinet al.(2022) pmt out museums have also contributétetmnservaticamd

awarenesef geoheritage the country through research, education and dissdfmadtipn

several conferences and academicabamjeoheritage have taken place in Caofothbiéets

decadeddble 4. It is important to highlight, for instanteitiney on geological herége=d

by the Grupo de Investigacion en Geologia Ambiental (GEA) from the National University of Colom
in Medellin, as vadithe inauguration ofl tBgnposium of Geoheritage andd@hservation during

the XVIlIColombian Geological Congress inAO2mportant outcome of this event was the

launching of the Colombian Geoconservation Net@ot&niRetha de Geoconservatiog).

launching was peeled by the first national meeting on geological heritage, held in the Cafon del Rio

Claro Nature Reserve in February 2020.

Table 4. Record of geoheritage and geagiatesitgvents in recent years in Colombia

Macizo de Floresta Boy@cdombia

Name of the event Year Place
Curso Inernauonzfll Qe Aprqvechamlento y Conservaf:lon del Pa 2004 Medellin
Geoldgico y Minero en la Facultad de Minas
| Curso de Patrimonio Geoldgico 2012 Medellin
Il Curso de Patrimonio Geoldgico: Reconocer para actuary | 2014 Medellin
Ill Curs de Patrimonio Geolégico: Geoparques y Divulgaci 2016 Medellin
IV Curso de Patrimonio Geoldgico: Conservacion y Estrategiag 2018 Medellin
Dia Latinoamericano del GeotutBdawersion 2019 | Armero, Tolimg
Il Taller Regiorfabeoparquédundiales de la UNESCO para Am¢ 2019 Manizales
Latina y el Caribe
Reserva Naturg
| Encuentro Colombiano de Patrimonio Geoldgico 2020 Canén d&io
Claro, Antioqui
Cuarentena con Geociencias: La semana de los Geoparques M .
UNESCO 2020 Online
| Fiesta del Geopardg&royecto Zaquenzipa 2020 Online
6HPLQDULR YLUWXDO Y3URPRYLHQGR | 2021 Online
| Simposio de Patrimonio Ggologlco y Geo?onémbbtéongresc 2021 Online
Colombiano de Geologia
_ _ Alto Ricaurte,
Il Fiesta del Geopargieoyecto Zaquenzipa 2021 .
Boyaca
Il Seminario sobre Patrimonio Paleontoldgico, Geoldgico y Antr( 2022 Online
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During the event, it was agreed that network meeitinigs held every 2 years at the national
geoheritage meetings. At approximately the same time, in 2020, a geoheritage network was create
by the civil society with activities posted on platforms such as Facebookar & udrabe.

detailed reviewtloébackground of geoheritagstaddes done in the cousergJaramilldapata

et al.(2016), Vergara (2018) and QuiMteicet al.(2022).

2.3.1. DecreeNo0.1353 of 2018

Decred&lo. 1353 published in 20&8precedely decreds0.4131(2011) ard No.2703(2013,

in which the identification, assessment, and protéetimolafgical and paleontological heritage

ofthe country aassigned to the Colombian Geological Surv8ig(®@C2018 by the Minister

of Culture, Environment, Ehiees and EnerdygreeNo.1353contains the official dispositions
UHODWHG WR TWKH LQWHJUDO PDQDJHPHQW RI WKH JHRORJ

of the contents that make this document so significant are:

- To provide the officedirdtions of geological heritage, geotope, geosite, inventory, zone of
geological protection, etc., for the Colombian territory.

- To integrate the geological and paleontological heritage of the Nation.

- To establish the Colombian Geological Surveyigsésp@msibierthe methodology to
declare the geological and paleontological heritage, as well as the guidelines for protection
conservation and infrastructure.

- To name the entities related to the protection and management of geoheritage protection
zones, such as tielombian Geological Surveyolbmbian Institute of Anthropology and
History (ICANH) and the regional environmental authorities.

- To introduce the National Geological and Raja=dntoventory, includingsiex

elements.

Thisdecree also incluadiser dispositions regartifiagpossession, finding, mobilisation, exhibition
and export of geologitarhents, amdpresents a major advamttes idetification and protection

of in situ and situ geological heritagedionibé. For instance gmethodology to be followed for
the national inventory considers 15 geological domains covering the total aredof the country.

momentthe national inventory includes 57 sites, all of them located in the Boyacé Department in the
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Eastern Cordillgtdtps://www?2.sgc.gov.co/patrimonio/Paginas/Inveatarimdepatrimonio

.aspx Another important advamasthe definition of thist zone of geological protection in the

country, as defthby the decree (see sectign 3.6

Despite the importance of this decree for the progress of geoconservation in the country, there are s
somegaps regarding the statutory protectionogfcgéaiteshe methodologies for local and

regional inventoriasd a general geoconservation strategy for the country.
2.4. Geopark projects in Colombia

In May 2022, there are four active geopark projects in Colombia, and they will bedoriefly descri

below.

The Cafndn del Chicamocha geopark project, located in Santander, Eastern Cordillera, takes its nar
from the Chicamocha canyon. This geomorphological feature, according to the management team,
the second biggest canyon on Earth, after#it® Cafgyon in the USA. Besides this main element,

the area counts with yraserved sedimentary sequences, the second most important seismic nest

in the world, paleontological heritage, flora, fauna and architectonical heritage associated with th

geogaphical and geological context of the arRayBdost al., 2020).

The Chamkua Cocha geopark project, located in Narifio Department, southwestern Colombia, aims
to enhance the regional identity of the communities through the awareness araf itenservation
geological, mining, cultural and natural heritage. As relevant geological features, the project names t
&HUUR *XDOFDOi “7KH )LQJHU RI *RGpu WKH "1XGR GH /RYV
bifurcated into the three Colombian corditiévasin volcanoes, and associated biodiversity and

cultural heritage.

The Nevado del Ruiz geopark project, in Central Cordillera, is supported by the regional governme
and to date is perhaps the most advanced geopark project in the courgaypivitBOFnkan

distributed by 20 municipalities. In this geopark project, the relationship between the catastrophic
event of November 13th, 198te second biggest disaster with volcanic origin in the 20th century

2 the active volcanism and geolagicahanagement seem to be the most relevant geological

features. In addition, the-Ralima volcanic complex is also an important place for monitoring glacial
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retreatment and climate change. The geopark polygon embraces part of a region that already is

UNESCO World Hertag®nthe Coffee Cultural Landscape.

Finally, the Zaquenzipa geopark project, located in the Alto Ricaurte region in Boyacéa, Eastern And
was initially conceived by IKA Group, a private consort that has been workpigeott asdlievelo
dissemination since 2020. The exceptional fossil record from the Lower Cretaceous, including som
of the begireserved examples of pliosaurs and plesiosaurs in the world (NréEek GOh&yr

give an international scientific relevanceetottrg. In addition, there is an important background

RQ WKH ORFDO FRPPXQLWLHV:- HPSRZHUPHQW DQG DSSURSL
network of museums in the region is composed of nine museums, of which at least four have
exhibitios related to local geology and palaeontology. Moreover, the local paleontological heritage he
inspired diverse artistic, economic and social projects and entrepreneurship in the region. A detaile

description of this territory is presented in Chapter 3.
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Chapter 3.Geodiversity and geoheritage in the study area

As mentioned in the Methods section, the first step for defining a geoconservation model and makir
practical proposals is to know the geodiversity and gevotieritsigey area. Therefore, some
guestions addressed in this chapter are: What do we know about the geodiversity irythe region of stuc
What are its values, andrtbst representative sites according to the values? How can we classify
this geodiversityeasily describe it? What are the cultural and spiritual relations between geodiversity
and the local communities? Addressing these issues will provide a general overview of the natur
geodiversity of the area, which in turn represents an imgmamica@accontinue with the future

steps, such as the selection of sites, the geoconservation diagmsigoeaokservation

proposals.

It is also important to identify the sites that better represent this geodiversity and that may be
considered a degical heritage of the region. To this end, an inventory of geological sites was done,
as well as a quantitative assessment of the siteasa@ceglementary.taslit is gog to be

discussed, several ex situ asitlirlements of the geasliyan the Alto Ricaurte region possess
international relevancayelsasmportant cultural links with the locals. Therefore, there is a potential
worletlass geological heritage in the region of study that urges to be managed and conserved by

specifiactions based on a systematic geoconservation strategy.
3.1. Historical background

The municipalities of Sachica, Villa de Leyva, Sutamarchdn and Santa Sofia are located in th
Zaquenzipa valley at 220000 m.a.s.In the Boyaca department in-eastéirn Colombia, 165

km fronthe capital of the countiye culture and traditmirtbie locals are a blenti@traditions

of the Spaniards who first invaded the regiomdnsctbe Ghibchandigenous heritage. Several

histories, myths and legaardsinherited from the Muisca Amerindian people and culture. This
agrarian and ceramic society populated the Alto Ricaurte probably more than 1000 years before th
arrival of the SpantistvelleréMinisterio de Cultura, 2015). Due to these earlyetilenzanss,

the land has gone through a long history of agriculture, live stocking and changes in the use of soi
and materials (Castsal, 2017). Some of the most famous vestiges of this culture are the

astronomical observatory, nowadays an aichbhpat&gn Villa de Leyva, and the rock art site of
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1983. Thereby, the area possesses a highH anlluszientific interest framrhadogy and

historical perspective

The architectonic heritage of Alto Ricaurte is also widely acknowledged, including mills constructe
after the Spanish invasion and religious sanctuaried Tittrwetitary and befpseich as the

Santo Ecédomo monastery. lte\Me Leyva, a town origibailpy Spaniards, the main square

and historicaéntreare subject to a big number of viitets its traditional colonial architecture

(fgured). The main square of Sachica reveals an important part of theusdast@ly and the
indoctrination by priests, by the presence of the church and tiudshmedofPiedra del

Castigo).

Figurel. Colonial architecture in the main square of Villa de Leyva, constructed during the XVI century.

According to Casasal.(2017), the Alto Ricaurte region went through big changes during colonial
times. Some of the traditional products of the region such as corn, potato, green pea and bean hav
been replaced in the valleys by cereals and forage legumes. Nouwhdaysctgities have

intensified, representing a ttods native ecosystems and landéacaoeding these authors,

in the last 20 yeatbere has been a switch to tourism and ohcoad)and limestone. These

activities have produced clsahgerepresent a threat not@hlyg nature but alsmyeodiversity

and geoheritage¢ sectioh?).

In brief, the territory in question is a cradleuEheritage with national relevance in Colombia.
Part of this heritage is intrinsicslyciated with the geodiversity and geoheritage in see region (

section 3)5 The exceptionalitthefAlto Ricaurte region resulted in an attempt for the region to be
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included in the UNESCO World Heritage List (Ministerio de Cultura, 2#@i$5afieatiire
was rejectethe region is on the indicative list of UNESCO and has enormous pdiESs@0Ofor a
Global Geopark recognition, based on the scientific, edacédiamsticaactivities arotined

geological heritage of internatminalee section 3.6
3.2. Location and geographical setting

Thestudyarea is characterizggits highland landscape, its dry and tengienatieand its

constant flux of tourdhi® tdts cultural and natural heritage. The main access to Alts Ricaurte
through the TuMjdla de Leyva road, along 38 km of paved road from Tunja, although it can also be
reached through the Medalignto BerdBarbosMoniquirSanta Sofia or the Befotancipa

Puente Boy@Samac&achica roads (fighye

The sqgoe of this dissertation is limited to the municipalities of Sachica, Santa Sofia, Sutamarchan anc
Villa de Leyvatire Alto Ricaurte region. This represents an area of aroundng723kb00

inhabitants (table 5). Nevertheless, due to the honfdgeneigyonm, the methodology and results

of this project should tegarded as an example to implement geoconservation actions in other
municipalities of the regiwom the geographical point of view, the municipalities are settled in the
Altiplano @diboyacense (high plain) in the Colombian Eastern Cordillera. In Villa de Leyva, for
instance, the temperatures vary between 10°C and 24°C with an avera@B©BALM, 3014

According to its elevation, vegetation and climate conditionsathkeetvahed into three main
ecosystems: tparamgthe high Andean dry enclave and the Andean and high Andean forests (Casas
et al., 2017).
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Table 5. Municigabt populations and size of municipalities in the study area

Municipality Area Population
(kne) (DANE, 2018)
Sachica 64,18 5667
Santa Sofia 76,73 2552
Sutamarchan 109,34 6228
Villa de Leyva 122,23 18606
TOTAL 372,48 33053

Some of theetmountainsurrounding the Zaquenzipa valley asahmwmsf Rabanal, Merchan,
Iguaquésee figure)@ndChaute and El Peligearanidn these highountaisectorsthere are

some ecosystemshajh importance due to the environmental services theguplowéde,

biodiversity, water supply andelregulation.

Figure 6Paramo de Iguaqué as seen from La Periquera

The landscape of the study area is characterized by dry mountains sercandsteamed in

sedimentary materials with an imjpstrigctural influence (figQrerhis mountainous landscape

is cut by soenalluvial valleys associatedhaitimaimiverssuch as the Leiva, Samaca, Monquira,

Sachica, Sutamarchan and Cane, which have shaped the irregular Zaquenzipa Valley. Northwe:

around the municipality of Santa Sofia, a karstic landscape shaped in limestone from the Rosablanc

Formation can be appreciated.
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Figure 7A Semarid landscape in La Ro seatamm8rchan: Btructral influence in the landscape seen
from La Raa SW

3.3. Protected areas and sites protected by law

The most important protected area located in the study area is the Iguaqué Flora and Fauna Sanctua
It is a National Park (corresponding to the IUCN Il Category) with imporjaataraiaforest,

Andean forest, as well as fauna and a Ristitwiegdlcontext associated with the Muisca culture in

the territory. This park was created in 1977 and covers @@@® B1There are no civil society

reserves in the area.
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Figure 8Georefenmeed image of moorlgparé&mpcomplexes (in que) in the study area (red polygon). To

the west, Merchan paramo (Santa Sofia, Sutamarchan). To the east, Iguaqué Flora and Fauna Sanctuary (\
de Leyva). Modified from Colombia en Mapas.

The only protedtarea due to archaeological reasons in the El Infiernito Archaeological Park (figure

50), thouglthere are several archaeological discovery sites along the four municipalities.

Instituto Colombiano de Antropologia e Historia - Geoparques
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3.4. Geologicalsetting of Alto Ricaurte region

The geological histotii@Alto Ricaurte region goes back to the iretasmudransition, when

the oldest exposed rocks in the region wetedidpesArcabuco Formatast.of the geological
mderialsin Alto Ricaurteere formed during tharinetransgression that took pladde
Cretaceowmndcropping ompwadayis theEastern Cordillgiigurel0). Finally, some Quaternary
deposits and formations are overlaying the Mesozoic secinasnise travertine deposit of Villa

de Leyva, soils, and some slope depgatanorphological map covering a large part of the study

polygon, prepared by the author, can be found in Appendix 4.

Albiano g

113 a 100/millones
de afios, antes del presente

Figure 1L0Colombia during the &@mebus marine tsgnessiomModified from Jaramillo and Oviedo (2017).

The totality of the rocks outcropping in the region coteespdimdentary rocks, with great
exposures of strata, tectonic structures such asffalctsisgsdedimentary structures and fossils
These rock outcrops have been studied for more than 75 gestituéeice of the best records
of the Lower Cretaceous in the whole worlg(faegd al., 2015; Noe & G&dez, 2018;
PéreMéndez, 2019).

The classification of the rocksopptog in the area varies according to the authercatetia
used It is possible to find sevendiiffeock forrtians (table) 6with extensive and-evglbsed
outcrops, for instance in the Baajaica road, where a full sequence frommifiarvidahepper

Albian can be studieehore than 40 million years in $\Mimisterio de Cultura, 308tce the
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first paleontological descriptions of marine reptiles, ammonoids, bivalves andcatehen invertebr
the region (Botero, 1986rgl, 194; Etay&erna, 1968), an important number of compelling fossil
findings have been reported. These findings include new species, holotypes, and gigantic marir

reptiles with an exceptional degrersefrvatiosdge sectiahi4.2).

Table 6. Classificatif the main lithological formations in the study area.

Formations Main lithology Age
Fuquen &
EtayoSerna, 1968; Osqorno
Renzoni et al.1998 2005

. Jurassic (Beibe, 1938
. Arcabuco = Quartg sandstondstercalater & )
Arcabuco Formation

Formation with red claystone
y Lower Cretaceous (EEsroa, 1968
. Rosablanca o Upper Valanginian
Rosablanca Formation . Dark grey micritic limeston PP 9
Formation (Etay&erna, 1968)

Grey micaceous siltstones
interctations of calcanes Lower Hauterivian (E&sma, 1968
claystone
Divided tnthree members:
-Lower Black Lutites

Paja . Barremian to Aptian (E&aroa,
J -Variegated Claystones P (

Ritoque

Ritoque Formation .
Formation

Paja Formation

Formation . 1968
- Claystones with Hollow )
Nodules
Superior Aptian to Inferior Albie
Fuquen & Osorno, 2005
. . . Tablazo Calcareous mudstones ar (Fuqu )
Inferior San Gil Fornmatio Formation limestones
Superior Aptian to Albian (Baya,
1968)
. . _ Simiti Lutites, grey shales, calcare  Supedpor Aptian to Superior Albia
Superior San Gil Formatic . grey P P b
Formation sandstones (Etay&erna, 1968)
Sandstonesthvintercalation:
. of claystone and siltstone ~ Cenomanian (Et&erna, 1968)
) ) Churuvita . .
Churuvita Formation . fossiliferous limestone an
Formation . . .
shale; sandstone and Stperior Albian to Cenomaniar
calcareous siltstone (Terraza, 2004)

3.5. Geodiversity inthe Alto Ricaurte region

Thestudy arelaosts sedimentary rocks ranging from the Upper Jurassic tor¢taddpperadd

the Quaternarypaleontological record from the Lower Cretacealssfteetonic deformation
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associated withe uplift of the Andes in late Cenozoic, hydrological features, erosion features and
badlands, fluvial land&amd karst featurdgure 11

Geodiversity in the Alto Ricaurte

Holds values such as... Faces threats like: Includes:
O Ul - Insufficient knowledge and dissemination AL
“ i& % - Removal of geological specimens
- _ 4 - Recreation and tourism pressure
research aesthetic spiritual - Agriculture and live stocking Bloments
- Land ownership issues of geodiversity
ﬁ @ - Graffiti and advertising selected because
v - Quarrying activities of heir

cultural educative economic

- Urban expansion outstanding values

(‘the best of the best’)

Figure LXGeodiversity in the Alto Ricaurte Y¢égemdefing the gdoversity of Alto Ricaitirseimportant
to consider its differatalues and its potential threats, as well as the geologeahlwrita¢hoe
geologicaitesselected because of their special interest or value.

The geodiversifytiee study area is presented based on a division in thematic areas which provides a
practical categorisation of geodiversity useful for designing guides, itineraries and interpretatio
materials in the context of a geopark, and does not represeal aategonisation of the
geodiversity in the region nor the description of geological framéverriedareas defined in
this studgnd associated colarethe following

f Mesozoic sedimentary formations

E Palaentoloiical record

Hydrological feags anéssociatedndforms
f Tectonic structures

f Karstdndforms
f Erosion landforms and processes
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3.5.1 Mesozoic sedimentary formations

Includes mainly the exceptional outcrops from the (Retamndgo a lesser extent the Jurassic
rockoftheArcabco Formation. The stratigraphic and paleontologicahelcmnetoCretaceous

and its marine habitats within these lithological units has been largely studied and is one of the mo:
complete and accessible in the worldS&teg et al., 2015; No&&mePérez, 2018; Pérez

Méndez, 2019). The bare sedimentary sequences due to dry weather conditions are convenient f

stratigraphic studiegure 12

Figue 12 Rock exposms in the S&shioaca road. Several rock formatioteéaviesced in this
complete and easily accessiatisection.

On the other hand, the ralgf®osited in an anastomosed sandy river system (Galvis & Rubiano,
1985) oArcabucbm.are theldesgeological materials in the region. Its age has been assigned to

the Juassic (Scheibe, 1938) hoder Cretaceous (Efgma,1968). Despite thédw fossil

content, these rogkiesenta feature of exceptional intettesstichnites or dinosaur footprints
described by Mor&#nchez et al. (2011) on the easterroffitimk Arcabuco anticlinem5 k

southeast ¢iie municipality of Villa de Leyva within the jurisdiction of the Iguaqué Fauna and Flora
Sanctuarffigure 18 According to 8seauthors, the fossil tracks were generated by theropods,
sauropods and ornitbag Traces also include plantar prints of unidentified dinosaurs. During the

interviewslone durinthe fieldork local geologists suggettedoccurrence of otdarosaur

29



fooprints located tre flanks of the Arcabuco antidliceopens the pobsity omoresignificant

paleontological findiogstributing to the regional geological heritage.

_  rometos — L SEEEE |
Figure 13X Rocks from Arcabucodtion in the Arcabuco anti@n€ Dinosaur footprintstioe same
flank of the anticline (Moreno, 204al1).

3.5.2. Paleontological ecord

Cretaceous time is famoussfaraximum sea levels in the history of Earth (Miller et al., 2005). The
current Eastern Cordillera of Colombian Andes preserves exceptional records of marine lifeforms tr
inhabited the allow seas that once extentisthénowadays Colombian territory. Paja Formation

keeg one of the begieces advidence tiieLower Cretaceous on Earth {&gaya et al., 2015;
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Noe & GomPeErez, 2018). The exceptional fossil fauna inclutlesonmplate and articulated
marine reptilesichas plesiosaurs, ichthyosaurs, marine ¢uatbss(Luque et al., 2020)erse
fishes, numerous pelagic ammonites and bivalves (No®&e202E@¥8A summaryf the
paleontological diversity ofRédturtés presented iabe 7. According to Noe & Gépdeaz
(2021)due to thabundance, variety, and exceptional preservation of PllesiBsgaftaymation
is the most important Lower Cretaceous plesiosaur assemblage andheonsddutly, is

considered agerstétte

In addition tihe vast Cretmugpaleontological record, there are some reports of Quaternary fossils
inatravertine deposit in Villa de Lsey¥yaasnastodobonesarmadillosand the first register of

the Smilodhotiger in Colomif@lvis & Valencia, 2P@Gter interviewlsneduring the fielark

it was possible to verify that other mastodon bones have been found in the surroundings of Séachic
In the future, éne might be further findingQuaternary arata that should be included in this

thematic area.

Table 7. Paleontological diversity of the Alto Ricaurte region ((Dcitategpueiauna).

Category Subcategory Taxa References Location
Padillasaurus . .
leivaensis Carballido et al.| El Roble, Villa de Le
(2015) (Carballido et al., 2D]
. (sauropod)
Dinosaurs
. Theropods, .
Terrestrial Moreno et al. Iguaqué Fauna an
) sauropodsnd
organisms (201) Flora Sanctuary

ornithopods

Travertine quarkilla

Mastodont Gomphotheriida¢ Hubach (1952) de Leyw

Welles (1962)

Loma La Catalina a

Goiii & Gasparir .
surroundings

(1983)
Great marine

reptiles Plesiosaurus *Callawayasauru Loma La Cabrera

JereZlaimes & 2021)

Narvae®arra
(2001)
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Paraméonseca
(2015)

GOme#érez &

Noé (2017)
. Acosta et 41979 . .
*Monquirasaurus 4 ) Monquira, Villa de
boyacensis Leyva
4 Hampe (1992) w
3 Loma La Cabrera
Pliosaurus *Stenorhynchosau| Paramé-onseca (Param&miseca
munozi et al(2016)
(short neck) et al., 2016)
Santo Ecche Homc
*Acostasaurus Gome#Pérez & | convent surrounding
pavachoquensis Noe, (2017) (Noé & Gomeérez,
2021)
Loma La Asomadz
Loma La Galina
*Desmatochelys| Cadena & Parha| Loma La Cabrera
padillali (2015)
. (Noe & Gomeerez,
Marine turtles 2021)
Loma La Catalina
*Leyvachelys
. , Cadena (2015 . 3 3
cipadi ( ) (Noe & Gomeerez,
2021)
Other marine Arrayan, Sachica
rentiles Maxwell et al. | (Noé & GémBazrez,
P *Muiscasaurus (2016) 2021)
Catheti
Param&onseca e Loma La Catalina
al.(2021) (Parambonseca et a
2021)
Ichthyosaurs
y Platypterygius
Sactvarum .
u ParaméFonseca, Loma Pedro Luis, V
o (2997) de Leyva
(Noé & Gomeéeérez,
Cort t 42021 2021
*Kyhytysuka ortes et 42021) )
sachicarum
LomaBlanca, Sachic
. o Schultze &tohr . o
Others Fishes Vinctifer ?1;96) Noée & GOmPeErez,

2021)
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Ammonites

Acanthohoplites,
Acrioceras,
Ancyloceras,
Australiceras,

Cheloniceras,
Colchidites
Colombiceras,
Crioceratites,
Epicheloniceras,
Dufrenoyia,
Gargasiceras
Hamulina,
Karsteniceras
Heinzia,
Heteroceras,
Neodeshayesite;
Nicklesia,
Olcostephanus,
Paracrioceras,
Parasaynoceras
Pedlioceras,
Phylloceras,
Procheloniceras,
Pulchelliidae,
Pseudoaustralicel
Pseudohaplocera
Riedelites,
Spitidiscus,
Valdedorsella
Zurcherella

Others...

EtaydSerna (1964
1979, 1981)

Patarroyo (2000

Patarroyo (2009

Crabs

*Bellcarcinus
aptiensis

Planocarcinus
olssoni

Luque et 12020)

Bivalves

Gastropods,

echinoderms;

Etayeéserna (1968

EtayéSerna (196§
Patarroyo (2009
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Decapod

Bermudez et al.

Qust@eans ) (2013) San Gil Group
EtaydSerna (1964
Ferns
(Polypodiopsida) EtaydSerna et al
(2015)
Seed plants
Plants Van Waveren e )
Cycads al.(2002)
(Cycadophyta),| Huertas (1967,
Conifers (Pinophy 1970)
Abundant fossil wg MorendSanchez €
al.(2007)
- GomeZCruz et al|
Insects Aeschnidiidae (2011) -
Patarroyo (2009
Microfauna Benthic foraminifel ]
Epistomina cardad Patarroy@Camargc
et al.(2009)

*New spees
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Figure 14Some of the fossil diversity in tihe atea. A, B: Ammonoids; C: BivalMdsnfirasaurus

boyacenci€, J. Ictiosaur skulls; F: Pliosauroid; G: Plant trace fossils. H:CRlésiesasaurus
colombiensighotohttps://stringfixer.com/pt/Callawayasaurus_colombierisistvti@esmartochelys

padillaCadena (2015) K: Mastodont mBleyts], E, Khttp://lapaleontologiaencolombiambbgom/

The Aundance of fosgilsheAlto Ricaurig so remarkable that along 5 km there are at least three
museums dedicated to the study and conservatgsygebdiversiglements. The diversity of
fosils is thereformuind both in situasll as esitu in local private collections and museums, either

in the municipalities ootimemparts of the country

A complete revision of the paleontological heritage in Alto Riceupresegied Baramo
Fonseca (2015kgardinbig marineeptilesNoe & Gomeerez (2021) for Paja Formation, and
Cadena (2014) for fossil turtles
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3.5.3. Hydrologicalfeatures andassociatedlandforms

Thewater system in the area is ptm¢ &achidaeyva sutmasin atheSuarez river basin, which is
part ofthe largerMagdlena iver basin (Casas et al., 200fg. surface water networke

municipality is constitutedvefs, streams, wetlands, waterfalls and springs.

Figure 8. Hydrological elements. A: La Periquera waterfalls. Brivemiguiyan viewed from EI Hayal.
C: Hidden valley (Valle Escondido)t_Riséter. Cadavid (Wikhaip)s://www.wikiloc.com/mounibiiing
trails/villadeleyvavalleescondidd1869181/photd263203 D: Sutamarchan Blue Wells (Pozos Azules de
Sutamarchan).
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Most of the streams that are part of this system are intermittent. Its main tributaries are the Leyva rive
which rises in MoiMegro to the south of the Iguaqué massif and empties into the Sachica river,
which forms at the mouth of the Chiquiza stream, and the Monquira river. The interaction of this fluvi
system with rocks, soils and geological structures with weathesimg @Enodesses results in

landforms such as valleys, terraces, waterfalls, abandoned meanders, etc. (figure 15). The value |
these sites lies in their touristic potential and the spiritual value that they have within the Muisce

cosmogony (see sectior? 3&piritual value of geodiversity).
3.5.4. Tectonicstructures

The welixposed Cretaceous sedimentary sequences show evidence of tectonic deformation such a
folds and faulfgy(rel6). These tectosicuctureare the result of the intense activity\vidéan

orogenin Colombia (22,5 Ma), one of the most important tectonic events in thparbdhern

the South Americanntioent that raised the ArtdeS kilometresbove sea level. The block
Chiquinquiv&rcabuco, iwhichmost of the study aredocated, is characterized by anticlinal and
synclinal tight folds within the Arcabuco Anticlinorium, locally disturbed by nesiipeioartid strike
(Rodrigu€arra & Solano, 2Q08pme of the structural features mentioned in the literagure are th

Tunja anticline, Raquira anticline, Raquira syncline and the Arcabuco anticline
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Figure 16A Panoramic view of fteabuco AnticlineM@triescale folds in the SacBimaaca road.

Theras not enougtesearcho confirm the scientific itgpme of these features butcdesiny
have educational vdlaeause these sites are alreadpyseersitgeoscienqarofessorand

studentfrom all over the country
3.5.5. Karst landforms

The action of water on limestone frookthe Rosablanca awation hashapedscarpments,
caves and speleothems such as stalactites, stalagmites and columns that constitute a karstic
landscape in thertheastermpart of Saa Sofia municipality (figuyeHauof theseavities have

been identifiethd studieith more detafAsociacion Espeleoldgica Colonti@ba Even if the
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karstic area is not vast and only limitegézthif the study aies frequently used for touristic

and extreme sports activities.

A B

Hgure 17Karstic features.Sel®thems in La Fabrica cav®vBrviewf El Hayal cave and waterfall

The importance of karstic elements in the region lies not only in their tourism sitguificance but
their scientific potential. For instara®e of the caveegew braatpod spees,Hadrosia gracilis

was discover@sichemrsregory et al., 2011).
3.5.6. Erosion landforms and processes

Some processes are wearing away and lowering the elevatedaodqosgivé théocal

landscape, by the action of physical agents wadthrawind, ice, etc., which are often called
denudation processes (Smithson et al., 2002). As it is characteristic in a tropical arid region, erosio
processes often dominate over weathering ones. The dry and eroded landscamé Altgome areas
RicaX UWH KDV UHVXOWHG LQ “EDGOD @@sibn laftisareaRo 6RI
observed, such as the ones ascending Morro Negro in the municipality of Villa de Leyva, or th
Quebada Arriba gullies in Sadfigpare 18 Erosion and denudatprocegscan be affected by

several factoiacluding human activity, and are a reminder of an active and dynamic Earth in which
almost all landscapes are fobytbeésedegrading procesPespitelements witltientific value

not yet bieg foundor this thematic area, theaeisrent touristic interest pote@ntial educational

use for geological elements Withithematic area.
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Figurel8. A Erosion landform in the Quel#ada gullies siteSBniarid landscape around Sachica

3.6. Geodiversity values

Different geodivers@ju®s can be considered as a reason to protect, conserve, and manage
geodiversityecausehey enhance our understarafingimportance. Gray (2004) proposes the
following values for geodivantiipst, aestheticeultural,economicfunctionalresearch, and
educationar KH "VHQVH R S QdiliehbentityhigreddsengdaOapwviteiGne cultural

valueand refers to the degree to which a human community regards a geodiasrsitgdealtur
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to the 'identity’ of their place (Sharples, Rt@@odiversitaalues aheAlto Ricaurte regiagre

described taking into account these categories and grouped as:

Intrinsicalue
Culturalspiritual andesthetigalue
Economialue

Research arducationahlue

~ ~ ~n —~ —%

Ecological value

3.6.1. Intrinsic value

According to Gray (2004), intrinsic value refers to the ethical belief that geodiversity elements are
value simply for what they are, independently of the economic, utilitdranvaiuexatawe
givetoitasasociehB KLY UHDVRQ LV FRQJUXHQW ZleWatury pttHW\-V Ul
et al., 2020), and it represents amihnopocentric perspediivlto Ricaurtthe intrinsic value

refers to the naturatt@f geodiversity elements such as the Jurassic and Cretaceous rock sections,
the abundance of fassilinerals, and other geological features and processes described above and

that constitufgart othe natural capital of the region.
3.6.2. Cultural, spiritual and aestheticvalues

The characteristic desert landscapmefareas Aito Ricateis one of the features constituting

its scenic valu€hisarid and ylelwish landscape is relateébdeaccurrence of certgological

materials anithe climatand geographical context of the region, influenced by its position in the
Eastern Colombian Anélgesin eyeatching landscape, camisy portrayaad typically considered
attractivats aesthetic value becomes a potential reason to protecetsaygectlie ardais

important to mention that Colombia is a graéenamdithis type of landséapet common to

mostR1 WKH F R X Q WherefdrestRisStx ive AfiliR<gape can be an element of identity

in the region, for examplthe official municipal coat of a®asota (figure)21

On the other harlde territorlyas ehistory of occupation of more than 2800 years, in which human
communities have constantly interacted with the environment, including theegessersity el
PreHispanic communities used riocksakeaxes and tools and left archaeological remains and

pictograms in several rock shelters and outtiftgreiithology
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ThelocalBachuéaleis abouthecreation of the mother of the Muisca indigeitare, who was

born in the lagoon of Iguaqué (Laguna de Iguaqué) and then descended to the valley where Villa
Leyva is located and created humanity (Fray Pedidh&ieforall landforms in thteidyarea

are part of this stdBecause ofiitale thewater element in Muisca mythislegyy important,
andarchaeologsstuspecthat there iarelation between the most frequent rock art motifs such as

serpents arfdbgsand thevater element (figurg. 19

A B

Figure Q. A: PictogramsQ WKH "YDOOH\ RI W K HB: BaskeOR the) Ipdeniof Badhd in 6 i F K L F
the archaeological museum of S&hRiatogram interpreted as a frog in the Cueva El Hayal site
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Alongvith Iguaqué, the triad of archaeological heritage imtludef BN DUW VLWH RI1 6iFK
,QILHU QLW Bnonicg) siseh@iigutE\2IRojaduran, 2019).

Figure 20The triad of ltwrakarchaeological heritdgeed on Rofasran (2019)

This archaeological site, consisting of 3Gsphyadldsnegjithsrecords anothierportant spiritual

valuesince this set of rocks was a ceremonial site of the Muisca indigenous culture. Caves in the are
(locallycal G "FXFDVpu Z H Unitcliz@ft/dife Ny davidr Urdd,Rerbal conamunicati

in which mountains andrawvere venerated, but teests of ritualgere later demonized by

Spanish colonizers. These heritage vestiges highlight the importance of the Saquencipa valley for t
Muisca culture and its relationship with antessand myths. The territory itself as a landscape

and a sacred place was visited, respedpgraaihted by all the MuisicasBachué went down

to the valley apopulated humanity. In this sense, the region leearngmalalley of the

huma beingMuisca culture and society (Rojas, 2019)
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Figure 21A Anthem of Villa de Leyva, alluding to the geologi@atiticssilg in the areaC&at of arms
of S&chica, including an onion, the main church, and the mountainoas lzaciggaped.

The inhabitants of Villa de Leyva have also cultural links with CretdapoesZpgsishese

fossils arabundant, frequem@asantBndfossils in the fields and paths while doimgptkéir

1977, a peasant discovesahe giant bones that resulted to be the most complete record of a
Kronosaurus the world. After this nfagmt discovery, the community approjeatessdnd

builta museum that is managed by the local Community Board. This fossil adhstutes a
referencandit is part of the idenafythe territory and a source of work and progress for the region

due tahetourisnmactivitiegenerated by the museum (Salgacdegui, 2018)
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C

Figure2 A Cultural relationship between thaemsahe economic activities, the fossils and Bteosoils
Casaet al (2007)B and C: The use of fossils in the fagaldiésors of Villa de Leyva.

3.6.3. Economic Value

The diversity of geological materials has been exploited over the lcaestprossdeadsocieties

with the huge range of materials they have needed to progress to their modern sophistication (Gra
2004). The value of some geological materials such as gold, diamonds and oil is @bvious for most
the world populat@md has beeaddressed in several cultures in ancient myths andAfolktales.

Gray (2004) poimist several fossils andetisls in the world are valukdratreds of thousands

of eurodnAlto Ricaurtsome geological materials sugypasm, mudstones, lioes, travertine
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and marbles have been exploited as constructas. i@aténe other handsils themselves can
have a high economic value and be commeadihlmegbhis isconsidereas anillegal activity
accoding taColombian lawnthe studyrea fossils of ammonites,elsind bivalves have been
informally commenzedl for several decadesodfietled as decoration or accessories to tourists.
Even if this problem has decreased over timeltaraisgigpfawarenessthelocal popuian

it still posea threat tdhe geoheritage of the regea gection.25). Fossilhavealsobeen
indirectly exploited throwgticas in different materials such as plastic and digo@e2B (
Hence, gpdiversity elements have beenmeskplgioaxtractive ways sasthourism, for example

in thededicateghublic and privageological anmhleontological musewmdrecentithrough

geotourism.

A B

Figure 23A: Ammonitshaped chocolate from the Chocolate Nusesitmuseodelchocolate.corh.co/
Villa de Ley\&i. Fossil replicas sold by locals

3.6.4. Research andeducational value

Geodiversity is a scientific and educational resource that contributes to the kik@stledge of the
evolutior(Crofts et al., 2020). Even if thdtetier resear¢b do, thesedimentary sequences
occurringn the four municipalitiebave beestudied unddopics of sedimentology, structural
geologygeochemistrgtratigraphypalaeontolaggnd micopaleontology, among others. These
studies add up dozens of scientific publications and repandsngbaralgeodiversityihe

abundant fossil recustifiesiumerouseld tripsnadeby university geology students from all over

the countrfigure24). The importance of the stratigraphic and fossiliferous record of the region makes

it oneof the most important placeshenplanet for understanding the marinethiée Emly
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CretaceoufNoe & GomBazrez, 2018)The implementation ofcgeservain in this area is
important to guarantee the access of future generations ofrsisetnats amd educatiaiis

exceptional geological settthgth has been used for decades eduaational scenery for

practisng and learning stratigraplaymsmtary petrology andeoaitology.

Figure 24University students observing sedimentary rock formations$athéc@uropd

3.6.5. Ecological value

This value recognises how geodiversity is impoartaining natural systemseeolkbgical
processesrecalling that by definitemosystems'eaunderstood as comprising tiotic and
abiotic components which interact and are intendie&harples, 20@2¢odiversity contributes

to ecosystems notyohybeing part of important geomoapiticsoil process linked with life
development but alsphlyviding habi@gure 2band in general as being the substrate in which

ecological diversity is settled.
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Figure2 Cavesareagobd DPSOH RI RQH RI JH RGckspiavision dabitst IHRVIVWHP

3.7. Geoheritage in the study area

Due to its widariety of uses and servicesdityit is impossible to protecyadidiversity
elementdn Alto Ricaurttheseelements hotlifferentaluegscientific, culturatobgicglwhich

are also related to the use that communities and locals make of this Fautspit rsinmeortant

to identifand delimitatithe most important geodiversityerts that are worth protection and
conservation for soci€hese elemts constituttie geological heritage of the régpailythe
geological heritageuld be reggented by a network of geologicasivesl asxsitugeological

heritage.

The definition of geological heritage adopted in thisrdisgendetd by Crofts et al. LW
FRPSULVHVY WKRVH HOHPHQWY DQG IHDWXUHV RI WKH (DUW E
are considered to have significant value for intrinsic, scientific, educational, cultural, spiritual, aestheti
ecobgical or ecosystem reasons and therefore deserve conservation. Geoheritage constitutes a lege
from the past to be maintained in the present and passetloE#drQMHILW RI IXWXUH JH(
The preference for this definition is because it irciydeduss of geodiversity, without privileging
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the scientific; because it emphasises the relationship to ecosystems; and because it reminds us of t

basic notion of heritage as something to be passed on to future generations.

In Colombia, Decree No. 18393 GHILQHV JHRORJLFD @gikatditeswha&JH DV
have theheritage values with scientific, cultural and/or educational characteristics, and which allow
us to learn about, study and interpret: the origin and evolutioh, aghéhpréeesses that have

shaped it, the climates and landscapes of the past and HreRedtL thiLQ DQG HMM&ER OXWLRQ
difference between the preferred definition and the official definition for Colombia found in this decre
is that the last@insists on the scientific nature of geological heritage as a set of elements that help
us to understand the evolution of Earth and life. In the academic community, there are different
approaches to defining, identifying and assessing geologi&allher{iijs) alemphasises

the scientific value as geological heritage is formed by a network of geosites, which are sites of great
scientific relevan@éus, sites with no scientific relevance but with other values are not part of the
geologicakhitage and are called geodiverstyisieever, for Brilleth types of sites deserve
protection, and the only difference iswayttieey are named (geosites or geodiversifosites)

Carcavilla et g2008), inventories of geological hearage selection of the most significant
geological features of a region, according to different criteria such as intrinsic value, representativene:
rarity, etc. On the other hand, geodiversity seeks to analyse the variability and number of geologic

ekements of a rieg, regardless of their value.

For the authahe definition of geoheritagst consider #ie values of geodiwerais proposed

by Crofts et §2020)and other academiicdhe past, deere are numerous geological sites that,
degpite not having a proven scientific interest, have a majestfasepneuitwoal and spiritual

links with the local communitiethoseass, (geo)scientists shaddhit they are not the only

human authtigs to provide criteria on vgiieksare worth (or not) to be protected and inherited for
future generatioria. Latin America, this approach takes special importance as 8% of the total
population is indigen(@B@nco Mundial, 201there ardigh indexes of rurabityd local myths

legendand tales everywhere; aadegjion withighcultural, biological and geological diversity.

From a scientifperspectivehda geoheritage importaicé\lto Ricaurte is maielgtedo the
Cretaceowseqences and their fossil contésinhg the pvalent criteria for assessing the scientific

value of geosites such as representativeness, integrity, rarity and scientifsorkeowledge,
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geoheritage sitashe study arean be referréa A good example of representatiaecassity

for instace, lies in thexceptional fossil recorth@Paja Formation, which includes several new
species and holotypsscording to the Colombiaegatologist Maria Paramo fromatienal
University of Colombia largest Pliosaur in the vgdolchtd at Schica (ParaRanseca et al.,

2018 https://www.semana.com/viaaderna/articulo/esachicédoyacaeencuentral

pliosaurimasgrandeleimundo/565032/ Thidossiis a good examplexsitu geoheritage with

highrepresdativeness and rarftyure 2b

Figure @ Skeleton Gachicasaurus viilais specimen is considered the biggest Pliosaur in the world

Recently, the Colombian Geological Survey is working on the instgptiopef dgerstétte

of marine reptiles from the Barredyaian of the south of the province of Ricaurte Altiy Boyaca

the National Geological and Palaeontolagitaty (INGEP), with a primary palaeontological interest
and secondawjthstratigraphic and palaeoecological interest. This polygon covers around 42 km
and includes the municipalities of Villa de Leyva, Sachica and SutamarchahisGemledically

by theVariegated Claysto(@xcillolitas Abigarradagmber of the Paja Formation (Servicio
Geologico Colombiano, 2021).

A preliminamventory and assessment of geological sites in the municipalities of Sachica, Santa Sofia
Sutamarchan and \dial eyva is presed next. These sections will show that the most valuable
geological sitesthe regioare found not only asdils of high scientific vhlitealso in karst

features or rock outcrop sites with great andraher values.

tisimMSRUWDQW WR UHFDOO WKDW WKH REMHFWLYH RI WKLV
geoconservation issues and to elaborate on geoconservation recommendations for the region. In t

sense, section 3.7 introduces an inventory and assegtagitalsites in the study area, to give
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$ JHRWRSH DFFRUGLQJ WR 'HFUHH R LV GHILQHG DV, d&finEdbl ipasan\ofthd OLPLWHG V.

geological or palaeontological heritage values egistingtituent elemert p

a context for the proposed geoconservationESueatatthere are some preliminary invemtories
the regiont is important to emphasize the urgent neggstenatioventory and assessment of
geologal sites in #hterritory, to better achieve the next steps of a management strategy such as

conservation, promotion and diffusion.

3.8. Inventory of geological sites

According to Lima et al. (2@Ll@¢oheritageventory should answer to four main points: the object,

the value, the scope and the utility. In thigezdsgical sitésbject)with scientific, touristic

culturabr educational relevance (yvalutsle municipalities of Sachica, Sant Sofia, Sutamarchan

and Villa de Leyva (scop@)clude in a preinary inventory of geological sitegémaak project

(utility) were selected. Following the classification by Sharples (2002), this coulds®e considered
reconnaissance inventoy fILUVW VWHS LGHQWLI\thegxpevidcdohoL FD QW |1 H

is doing the inventditgrature reviews and consultation with experts.

The express * J H R O R J lisFuBe0 thrdughithis docuncergfer tgeodiversity elements both

in situor exsitu(rocks, minerakgssilslandformssoils, etg) with a potential scientific, touristic,
educational or culturakrest, whose values and heritage status must be absebsedf

geological sites will contain the network of geodiversity elements that constitute the geological herita
of theegion but also other sites and elements with cultural, touristic or educational value that are not
necessarily consideagdeological heritagegk H WHUP "JHRORJLFDO VLWHVu LV L
official documents regarding Geoparks suchA@sitaen dossier for UNESCO Global Geoparks

and theSeklEvaluation Checklist for aspiring UNESCO Global Geoparks (aUGGp)

The inventory of geological sites was constructed based on several sources of information. Firstly, p

inventories of geological séesneviewed, mostly:

- Thenventory of geological siteeBbyaca Department donthe Colombian Geological
Surey in 201§Servicio Geoldgico Colomldahe)

- The inventory of geickigsites included in the g\ "5XWD $QLOOR/IGH ORYV
(INGEOMINAS, 2011
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- The lists of natural and geological sites in the application of the Alto Ricatvierietgion as

Heritage Site (Ministerio de Cultura, 2018).

These lists were analysed and complementiettiadidr dona February 2022 amalne and
inperson interviews with experienced gedogiatsactorand locals. Finally, the inventory of

geological sites for the municipalities of Santa Sofia, Sutamarchan, Sachica aresMikalde Leyva r
in 19 sitedigure 27able §.
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Table 8Inventory of geological sites in the municipalities of Santa Sofia, Sachica, Sutamarchan and Villa de Leyva.

Code Name Description Main interest(s) | Thematic area | Municipality | Coordinates
Cueva La A cave of kstticfluvial origin, with active formations of stal;
Fabrica and stalagmites, moulded in rocks of the Rosablanca F¢ Touristic 3 5.705762,
GZPO01 (La Fabrica Karst landforms| Santa Sofia 73.577303
cave)
Paso del Ange Narrow and steep sharp geskparating two sudrallel
9 watercourses, formedhegrosion of shales and munéstof . Erosiotandforms 3 5.750367,
GZP02 7KH $QJ . . o Touristic Santa Sofia
ridge) the Rosablanca Formation, with notable aesthetic inter and processes -73.58B79
J ongoing touristic activities.
Hoyo La Rome Cdlapse doline developed in limestones of the Rosab
. . . . . - . 5.729726,
GZP03 (La Romera | Formation with stalactites, stalagmites and columnsigmaid Touristic Karst landforms| Sana Sofia 23530838
hole) inactive karst site and dragoingpurist activities '
Pozos Azules Hydrolagal
Sutamarchan| Deep wells formed by lateral and bottomientbsiaiverbed. - features and , 5.597264,
GZP04 . . . . . Touristic . Sutamarchan
(Sutamarchan| Dark claystonéthe Paja Formation outdragpa site frequent associated -73.621448
Blue Wells) by tourists. landforms
Cascaday Cue - .
El Hayal Cave and waterfall developed within a large geltmweésh Touristic
y escarpment (limestones of the Rosablanca Formation o . 5.736804,
GZPO05 (El Hayal ] . . i Educational, Karst landforms| Santa Sofia
waterfall and waterfall is about 30 m. The sitenbaédy aesthetic and Cultural -13.57822
cave) geomorphological interestechssuttiated archaeologica
elements.
Pliosaurio de I . . . o
L A small exhibition centre housing the petrified remains Scientific, :
GZPO06 Sachica Sachicasaurus vigaew species), considered the biggest A Touristic Padeontological Sachica 5.566722,
(Séchica SPECIES), 99 He, record 73.534138
. in the world. Educational
Pliosaur)
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Seccidn tipo

Fornacion :
Ritoque Site where the Ritoque Formation was defined by the ¢ Mesozoic
GZPO07 ) , N Scientific sedimentary Sachica 5.605428,
(Ritoque Fernando Etayo in 1968.
. sequences -73.519066
Formation key
locality)
Petrifid skeleton dfonquirasaurus boyacensis genus ang Scientific
Museo El Fés species (Noeé & Gofémrz, 2021). It is exceptionally wé L .
L. L . ) Touristic, Pabdeontological . 5.637177,
GZPO08 (El Fosil preserved in situ and is virtually complete. It is alsmessv( . Villa de Leyvg
. . _ Educational, record -73.558817
Museum) example of commubaged management of internation; Cultural
geological hege.
Hill part of theagerstétitd the Paja Formation. It has a hi
Loma La Yese| scientific knowledge in terms of theggriblications, due to .
. . g . Fal ) N Pabdeontological ) 5.605166,
GZP09 (La Yesera | stratigraphic and palaeontological intaeestte is known for Scientific Villa de Leyvg
. . . : record -73.535906
Hill) abundance and abundance and diversity of easily obser
extractable fossils.
Loma La Fossil site of great international importance for its uniqug
Cabrera Lower Cretaceous marine reptiles in rocks of the Paja F L Padeontological .
GZP1d P . J Scientific g Villa de Leyvg 5.65(0r87,
(La Cabrera part of théagerstéitte. record
. -713.562364
Hifl)
Cascada La A series of waterfalls developed over siltstones of the Hydrological
Periqguera | Formation, with spegedmorphological interest and curren . features and . 5.716998,
GZP11 . e e Touristic . Villa de Leyvg
(La Periquera touristic activities. associated Ve -73.521337
Watertall) landforms
Excavacion The Pliosaachicasaurus vigaew genus and species) W
Pliosaurio found here. The site is of scientific importance as it coni S Pabdeontological A
GZP12 ! ) ur N . . el ! . fic imp . ! Scientific g Sachica 5.571643,
(Pliosaur stratigraphiad palaeontological context of thishassld record
. . -73.530972
Excavation) discovery.
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Seccioén
referencia

This outcrop is a reference site of the Paja Formatiq

Formacién Paj Mesozoic
GZP13 . J Scientific sedimentary Sachica 5.588615,
(Key site of sequences 73.518138
the Paja qu '
Formation)
Seccién de
referencia Gruf Type section of the &éfgpan Gil Formation (limesttaeston Mesozoic
San Gil and sandstondt contains remains ddlisas and carbonace N . .
GZP14 . n , Scientific sedimentary Sachica 5.577418,
(key site of material sequences 73.511062
the San Gil q .
Group)
Yacimiento dg Travertine accumulatiorrently quarried. There are some r
travertinos | of Quaternary fauna: masgydomadillos and canine teeth N Pabdeontological . 5.619533,
GZP15 . . . . Scientific Villa de Leyvg
(Travertine sabraoothed tigeAccess to the site is restricted, and the record W -73.530715
deposit) currently a mining title in place.
Secuencia
Formacion Rocky outcrop on escarpments, exposing the only Jura .
. . Mesozoic
Arcabuco formation in the area. The Touristic, Cultur . .. 5.591794,
GZP16 o . . . . sedimentary Sachica
(Arcabuco site is asociated with rock art andgneat scenery and touriy  Educational sequen -73.520372
Formation potential. a
Sequence)
Cascada termq :
L L . Hydrological
de Sachica | An anthropogenic site where thermal spring watersaiipwe
., . . L . features and .. 5.588295,
GZP17 (Sachica hot | meters away have bfeeced to fall. It is of major tourist int¢ Touristic . Sachica
spring associated -73.529553
waterfal) landforms
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Cércavas de
G7P1d Rlltoque Area with strong erosive processes and gulheg upto2m TOUI’IS.'[I,C Erosiotandforms Villa de Leyv? 5.602068,
(Ritoque Great scenery and also a viewpoint. Educational and processes -73.522000
Gullies)
Cércavas de
G7P14 Quebrada Arrilf  Area with strong erosive processes -aatteywg landforms Touristic, Erosiofandforms Sachica 5.542558,
(Quebrada Educational and processes -73.522308
Arriba Gullies)
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Figure 27Geologicdtes included in the inventory.
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3.8.1. Assessment oS§ites

There are differguialitatively and quantitativetiiods to assesset of geological elemants

make a selection of sitesording to the purpdsehis casstudy, the bibliograpiezision and

community surveyane in the first methodological step gave some clues about which are the sites
with evident scientific relevance, cultural significance and touristic or educational potential. Since tf
number of glagical sites in the inventory is low (19), a selection of sites and management priorities
could be established with this primary infoideagaimelessincethe inventory can extend in the

future including other municipalities in Alto Ricdiartesthequantitative methaelveloped for

this case study quantitative assessmerg conducted.

According to Brilha (2016), antijative assessment aondecrease the subyjéty associated

with any sitevaluation procedure @ndefine prities for sitmanagement. This analysis results

in a list of sites sorted by their values, whichsationeke comparisons between the sites and to

take decisions. The results obtained by any quantitative assessment do not always represent the re
values and potential of sites so they should beasréigaéig (Brilha, 2016) and aked) with

other considerationsdtablish priorities for ti@nagement of sites

For this case study, the assest was made consideringdikatific valugotential for tourism

use, potential for educationahngeisk of degradation (tabl€® mabdology of assessment

used (Appendix\&as led by the author with the heip &rupo de Investigacion en Geologia
Ambiertl (GEA) from the Nationabidityvof Colombia in Meddllirs methodas based on

Brilha (2016) artde official national methodology proposed in 2016 by the Colombian Geological

Survey (Servicio Geoldgico Colombiano, 2016b)
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Table 9Criteria used for the quantitative ems@and respective weights

Scientific Value

Potential of Educational Use

Potential of Touristic Use (PTU

Representativeness (3(
Scientific knowledge (1!
Conservation status (1(
Rarity (20), Geological
diversity (10), Use limitat|

Potenal for educational activit
(25), Geological diversity (1
Association with other values
cultural or natural heritage (2
Conservation status (20), Us

Potential for recreational activ
(25), Landscape quality (15)
Associan with other values g
cultural or natural heritage (14
Conservation status (10), Prox

(15) limitations (25) to recreational areas (10), Us

limitations (25)

Risk of degradation
Deterioration of geological elements (35)
Proximity to areas/activities with potectéiatéodegradation (20)
Legal protection (20)
Accessibility (15)
Density of population (10)

Thusthe values and potentiatgofogical siteerecalculated as:

Scientific Value (SV¥ [(R*30) + (CC*15) + (EC*10) + (R*20) + (DG*10) +(LU*15)]/ 40
Paential of Educational Use (PEW [(PD*25) + (DG*10) + (ANC*20) + (EC*20) + (LU*25)]/ 40
Potential of Touristic Use (PTUy [(PR*25) + (CVP*15) + (ANC*15) + (EC*10) + (PAR*10) +
(LU*25)]/ 40

Ranges used for SV, BRIRTU are:

? IRZ YD O X8ito 6,6 Medium value e +LJK YDOXH

And the risk of degradation (RD) according to Brilha (2016) is calculated as:

Risk of degradation (RD¥ [(PDEG*35) + (PAER*20) + (PL®Q5) £ (DP*10)]/ 40
With the following classification ranges used:

0a4,90 Low 5,0 a 7,40 Moderate 7,5 o High
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The scientific value, potential of usskaofddegradation for the 16 sites presehiedtudy are
shown irable 10

3.8.2. Management classes

Considering the observationsdimngthe field warkhe results of the quantitative assaissm

and the background knowledge of théhsisesere classifieddamanagement classes that are

relatedo the proposed use each . In this study, the rdalielleatlassification proposed by

Vergara et al. (2021) was used as a basis. This classification includes the following parameters
geotourism, education, science, and conservation. Classification bEtivessitiggimdxposed

below.

Conservation orRestauration (C) Sites with topriority for implementing geoconservation
measures, due to their high risk of degradation, either fromaméiwoglogenic threats. These

measures precede any other use, toteesumgierm conservation of the site.

Science (S):Refers to sites with relevance for the scienatiatah or international sitete
have been used for researctharabntinuity for its research use shquildrbeteed. These sites
need guideksregarding their responsbientific usend a strict protocol for scientific activities

that requiraphysical interventiorttunsite.

Education (E) Besides their didactic potential, these sites meet the accessibility, safety and logistics
condtions for their use through eduakdictivities relatedEarth scienceBhese sites need a

handbook of the concepts that can be discussed in them.

Geotourism (G)Sites within this class have either previous touristic activities occurring or a high
potential fateveloping touristic activities, and meet essential critetieepashiladity for leisure

or recreatigpeasy access and general safety conditions.

60



Table 10Scientific Value (SV), Potential of Educational Use (PEU), Pasé&ntidsef{Pour) and Risk of Degradation (RD) for the geological sites in the stut

Code

Name

Manage
m.
classes

R

CcC

EC

RA

DG

LU

PAD

ANC

PR

CVvP

PAR

SV

PEU

PTU

PDEG

PAE
R

P
L

A

D
P

RD

GZP01

Cueva La Fabric
(La Fabrica cave

C, S E G

4,625

7,000

8,750

1

3

4

5,5

GZP02

Paso del Angel
7KH $QJIH

G

1,625

1,125

5,875

7,25

GZPO03

Hoyo La Romerg
(La Romera hole

G

4,125

6,500

8,000

4,625

GZP04

Pozos Azules de
Sutamarchan
(Sutamarchéan BI(
Wells)

2,250

3,875

7,125

4,125

GZPO05

Cascada y Cueva
Hayal
(El Hayal waterfa
and cave)

C, S G

6,000

6,750

8,750

5,5

GZP06

Pliosaurio de
Sachica
(Sachic®liosaur)

C,S, EG

8,250

7,750

5,500

4,875

GZPO7

Seccion tipo
formacion Ritoqu
(Ritoque Formatic

key locality)

5,625

2,625

2,875

3,5

GZP08

Museo El Foésil
(El Fésil Museun

9,250

9,250

8,500

4,125

GZP09

Loma La Yeserg
(La Yesera Hill)

5,000

4,750

5,125

6,875

GZP10

Loma La Cabrer;
(La Cabrera Hill)

4,000

3,125

2,375

7,375

GZP11

Cascada La
Periquera
(La Periquera

Waterfall)

4,875

5,500

8,750

4,375
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GZP12

Excavacion
Pliosaurio
(Pliosaur

Excavation)

7,250

2,750

2,375

8,25

GZP13

Seccion referéac

Formacion Paja

(Key site of the Pz
Formation)

SE

4,750

4,125

3,000

6,125

GZP14

Seccién de
referencia Grupq
San Gil
(Key site of the S;
Gil Group)

SE

5,875

3,625

2,625

6,125

GZP15

Yacimiento de
Travertinos
(Travertine depos

E, S

2,625

1,750

1,500

9,25

GZP16

Secuencia
Formacion
Arcabuco
(Arcabuco
Formation
Sauence)

E, G

6,125

7,000

9,500

6,625

GZP17

Cascada termal ¢
Sachica
(Sachica hot sprir
waterfall)

4,250

2,875

5,625

7,375

GZP18

Cércavas de
Ritoque
(Ritoque Gullies|

E, G

4,875

6,250

8,750

4,625

GZP19

Carcavas de
Quebrada Arribg
(Quebrada Arrib

Gullies)

E, G

3,500

4,250

5,375

5,375

AVERAGES

4,993

4,782

5,809

5,888
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3.8.3. Analysis of the inventory

As noted by Vergara et al. (2019), the inventory of geological sitesvessudisionnt of

information thaarc be analysed to identify trends and patterns useful for making decisions on future
steps in the management and conservation measures in the geological sites. The aspects analysed
this section include sorting by thematic areas, geographical, dstahtitio value, and

educational and touristic potential.

3.8.3.1. Results of the quantitative assessment (SV, PTU, PEU)

As nentioned above, it is possitae the results of quantitative assessment do not accurately
represent the tealue of the geololgsi@sIn this case, the assessment method that was applied
had not been tested previouslyharefor¢his study serves as a useful pilot scheatbrédec

and make adjustmentthtomethod.

Overall, the results obtained from the assessreasbaable and in line with what was expected.
Howevesome inaccuracies can be seswsme numerical results of the assessment. For example,
some sites with an obvious and unique scientific interest have obtained low scores. It is the case «
Loma La Yes (GZP09), Loma La Cabrera (GZP10), and the type sections of some rock formations.
This is partly because the criteria used are quite comparative, and for example, the value of these sit
lies in the fossil remains that haveliseenered thetmit vaich have also been found at various

localities in the areehich makes them less. raneis, the scores for criteria such is dRalr
Representativeness tartfower values. In addition, ConservatiorjfESts#tnd Use Limitations

(LU)may also lowthre scientific value, even if in reality these variables are more related to their
potentiafor scientifiuse than to the scientific value itsajeneral, the LU variable in this
methodology decreases the value fof thessites. In this seredough the method assesses
"potentials”, the potential of some sites is overshadowed by the current conditions of the site. Fo
example, the Pliosaurio de Sachica (GZP06) site has an evident high educational and touristic potent
but since it is loedtin a place different to its original site, with restricted access, and far from
recreational areas or sites with 