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I Background of the thesis 

Geoheritage, as a young domain of geosciences and heritage 

studies, is dealing with the abiotic elements of natural heritage, 

their protection through geoconservation, and their interpretation 

through geoeducation and geotourism, as a form of ecotourism. 

The elements of geoheritage are often closely related to the field 

of disaster risk reduction (DRR). They can be hazardous 

elements, threatening exposed parts of the society such as 

communities or infrastructure. But they are also vulnerable 

elements, threatened by modification or destruction by natural 

processes (often related to the respective element of geoheritage, 

the geosite itself), or anthropogenic influence, like urbanization or 

tourism at geosites. Besides the aspect of hazards and 

vulnerability, geoheritage can be regarded as an integral element 

for resilience, the ability of systems to resist and adapt to hazards, 

and recover from their effects. Conservation initiatives of 

geosites for reducing self-vulnerability or the vulnerability of 

exposed elements of related systems, and the interpretative 

potential of geosites for improving the community's knowledge 

of geohazards are two key examples, that illustrate this 

connection of geoheritage and resilience. 

Inventorying geoheritage, recording the existence, the state 

and the potential of its key elements, the geosites, is a 

fundamental step for their conservation, and further phases of 

their ‘development’ for geoeducational or geotouristic purposes. 

The quantitative assessment of geosites through selected 

indicators, such as scientific or touristic values, helps both 
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geoscientists and decision makers to evaluate the current state 

and values of sites, and they can function as input data for the 

effective management of geosites. A large number of quantitative 

(and qualitative, i.e. only textual description) assessment methods 

are used globally, and they are not yet standardized. The 

indicators, for example, the representation of risks and resilience, 

vary greatly between methods, depending on the structure of the 

inventory sheet and the assessment. 

Active and non-active volcanic environments can be traced 

throughout the Earth. They are important resources and at the 

same time, often potential hazards for society. They represent 

one of the most important and spectacular elements of the 

geodiversity of the globe. This importance is already reflected in 

geoheritage, several sites are protected and interpreted through 

geoparks, World Heritage sites or national designations, while 

others are only partially or not examined and managed from a 

geoheritage viewpoint. 

II Research goals 

1. The general aim of this thesis is to examine the 

geoheritage of selected volcanic areas with an aspect of 

resilience to natural hazards. Three case study areas were 

selected with a similar geological environment of continental-

rifting related volcanism, but different geographical and socio-

economic context, strongly affecting current and future practices 

and perspectives of geoconservation, geoeducation and 

geotourism, also with respect to resilience to natural hazards. 
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2. With a brief overview of the background and key terms of 

geoheritage and disaster risk reduction, the thesis aims to draw 

up the key connections between the two fields, the first, initial 

concept of geoheritage and resilience in the introductory 

chapter (I). 

3. The first study area (chapter II), the Chaîne des Puys-

Limagne Fault in France, was inscribed on the World Heritage 

list in 2018, as a globally outstanding example of continental 

rifting, with well-preserved monogenetic volcanic landforms, 

testimony to relief inversion and faulting processes. The area was 

covered on a small-scale in the French national geoheritage 

inventory, but the inclusion of this in decision-making has been 

limited so far, as well as the inventory's coverage, due to the 

national scale. Therefore, the goal of this study is to create a 

dedicated, fine-scale geosite inventory for the World 

Heritage property, accompanied with a comparative, 

quantitative assessment of geosites, using the national workflow 

and an internationally used method, with a strong focus on 

geotourism. 

4. The second area (chapter III), the city of Clermont-

Ferrand, is closely adjacent to the first, with a shared geological 

framework, but a different geographical context due to intense 

urbanization. Here, the goal is to record all the possible geological 

outcrops, landforms and geological features of the city area in a 

dedicated urban geoheritage inventory. 

5. Dallol in Ethiopia, the third case study (chapter IV), is 

very different with complex (proto)volcanic, hydrothermal and 

salt karst processes, with an extreme geographical environment 
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and unique socio-economic challenges. The hazardous 

environment so far lacks any in-situ monitoring of hydrothermal 

processes, its unique landforms lack any official protection and a 

dedicated geoheritage description and plan is missing so far. The 

case study aims at narrowing these gaps using basic satellite image 

monitoring, and creating a preliminary inventory of geosites, 

accompanied with a comparative, quantitative assessment of 

three methods. 

6. Finally, a last, synthetic chapter (V) - using the outcomes of 

the three case studies and the initial concept of geoheritage and 

resilience -  discusses perspectives of inventorying and 

assessment methods, and the integration of disaster risk 

reduction approach into geoheritage. 

III Methods 

First of all, each chapter and case study is based on a thorough 

literature review, especially in terms of scientific papers, reports, 

but also key legal documents relating to protection and 

management. A short overview of these sources is given at the 

beginning of each chapter. 

The three case studies are based on creating a geosite 

inventory of the respective areas, and comparatively assessing 

the geosites with quantitative or semi-quantitative methods. 

The selection of these methods were based on the purpose 

(geoconservation and/or geotourism principally) and the local 

context (interoperability with other evaluations of the specific 

country). The evaluation indicators are unmodified to insure 

comparability of results with similar surveys in other 
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environments/countries, but in addition, critical notes on each 

assessment structure is given during the interpretation of the 

results. 

The five methods used are the following: DE WEVER ET AL. 

(2015) – chapters II and III, REYNARD ET AL. (2016) and BRILHA 

(2016) – chapter IV, VUJIČIĆ ET AL. (2011) – chapters II and IV, 

and TOMIĆ & BOŽIĆ (2014) – chapter II. 

Each inventory is a spatial database with point-type features 

due to scale considerations. Recording of the inventory was done 

with the ODK Collect open-source surveying software, the 

comparative assessment of the geosites used the same software, 

and Google Forms as well. Spatial data were further handled in 

QGIS 3.x, whereas database management and data visualization 

were carried out in MS Excel. An experimental study in chapter 

II is based on visitors’ feedback on the indicators of a geosite 

assessment, which was also carried out with Google Forms. 

Chapter IV on Dallol also incorporates a basic monthly 

monitoring of hydrothermal features, using high-resolution (3 

m), PlanetScope imagery (RGB spectrum of the 4-band dataset). 

Classification was carried out in ENVI 5.0, further data 

processing and the creation of deducted hazard maps with an 

automated model were performed in QGIS 3.x. 

IV Results – theses 

1. The thesis has drawn up the initial concept, i.e. the 

fundamental link between geoheritage and disaster risk 

reduction based on previous case studies. This includes the 

following: I) the key roles of geoconservation (identification, 
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monitoring, conservation/stabilization, management), II) 

principal domains of geoeducation (past disaster sites, geosites 

with active or potentially active geological processes, 

interpretation facilities) and III) considerations of geotourism 

('take home message' through interpretation facilities about 

hazards, and revenue for improving the resilience of 

communities). 

2. With creating the dedicated geosite inventory of the 

Chaîne des Puys – Limagne Fault World Heritage site, and 

carrying out a comparative assessment, a management tool was 

created for relevant stakeholders, where geosites are 

scientifically integral, but as more easily manageable and 

interpretable units for users. This inventory has identified 

important gaps of the existing national inventory in this area. 

It includes the current under-representation and/or absence of 

the Limagne Fault, or representative relief inversion sites as 

Montagne de la Serre for example. Furthermore, the assessments 

confirmed the scientific importance of the World Heritage 

property through individual geosites; pointed out the natural 

(e.g. stability of outcrops, over-vegetation of sites) and 

anthropogenic (e.g. path erosion, non-respective forestry works) 

vulnerability of geosites; strengths and weaknesses in 

geotourism (interpretative facilities and background 

infrastructure). 

3. With the compilation of the urban geosite inventory of 

Clermont-Ferrand, an extensive database of publicly visible 

geological outcrops and landforms has been created. The 

semi-quantitative assessment of the urban geosites identified 
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their principal vulnerability: slope stabilization reducing 

scientific integrity. A preliminary management plan has 

addressed the geoconservation issues of these sites, as well their 

geotouristic and educational potential, especially for the 

numerous outcrops of the Quaternary Grave Noire lava flow and 

the Clermont-Chamalières maar and its tuff ring. 

4. A basic, monthly satellite image monitoring mission 

has been set up for Dallol and the Black Mountain in Ethiopia, 

the first of its kind in this area. Hazard maps, deduced from the 

interpretation of hydrothermal processes, can be used as tools for 

improving the resilience of visitors. The preliminary 

monitoring results - that could be specified and put into a wider 

context with further monitoring and studies - suggest that active 

geothermal features have been slightly retreating at Dallol in 

the last three years, but the emission of the peculiar bischofite 

(magnesium-chloride) flows at Black Mountain remains 

constant (over monthly observation periods). 

5. A preliminary geosite inventory of Dallol, Black 

Mountain and selected sites of Northern Danakil has been 

created. A comparative assessment with three methods 

suggests a globally outstanding scientific importance for 

some sites, such as the geothermal manifestations of Dallol or the 

bischofite flows of Black Mountain. However, this is 

accompanied with a high level of vulnerability of the sites 

due to the active natural processes, the lack of protection, and the 

threats of tourism and mining. The level of resilience to natural 

hazards is also low, as well as the current geotouristic 

potential of the site. 
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6. The comparative, quantitative assessment of geosites, 

along with the multi-perspective evaluation of different 

indicators, can further improve the objectivity of geosite 

assessments, with improved outcomes for a limited increase in 

effort. Applying the same indicator group (e.g. scientific 

importance) from multiple angles can cross-validate the results, 

while the different question structure, or different indicators can 

bring in new angles to the analysis. 

7. The vulnerability and protection need of geosites 

appeared in all of the chosen geosite assessment methods, 

although with different indicators and level. However, hazards 

associated with geosites, affecting exposed elements 

(temporary and permanent communities, infrastructure), are 

currently not assessed with indicators in the selection of these 

widely used methods. While many shortcomings of the geosite 

assessments can be overcome with a parallel, comparative 

evaluation, the risk/resilience conceptual gap or niche presented 

by the thesis further emphasizes that an overview and 

standardization of quantitative (and qualitative) geosite 

assessment methods should be considered in the future, with 

a broad cooperation of geoscientists with an interdisciplinary 

approach. 

  



10 

V Thesis-related publications 

V/A Papers 

VEREB V., VAN WYK DE VRIES B., GUILBAUD M.N., 
KARÁTSON D. (2020): The urban geoheritage of Clermont-
Ferrand: from inventory to management. Quaestiones Geographicae 
39(3): 5-31. doi: 10.2478/quageo-2020-0020 

VEREB V., VAN WYK DE VRIES B., HAGOS M., KARÁTSON D. 
(2020): Geoheritage and Resilience of Dallol and the Northern 
Danakil Depression in Ethiopia. Geoheritage 12, 82. doi: 
10.1007/s12371-020-00499-8 

V/B Conference abstracts (selected) 

VEREB V., KARÁTSON D., VAN WYK DE VRIES B. (2018) 
Geoheritage is coming to town: preservation of geological 
features in an urban environment with the example of 
geomorphological mapping on Clermont-Ferrand. Geophysical 
Research Abstracts 20: EGU2018-11647 

VEREB V., VAN WYK DE VRIES B., BARNIE T., HAGOS M. 
(2018) Exploiting a volcanic resource: mapping rapid changes at 
Dallol Volcano, Ethiopia with Planet satellite images and 
community engagement for risk reduction. Geophysical Research 
Abstracts 20: EGU2018-4447-2 

VEREB V., MEIRINHO P., LIMA E., NUNES J.C. (2018) Digitally 
based monitoring process of geosites in Azores UNESCO Global 
Geopark: An open-source solution with ODK Collect, XLSForm 
and Enketo framework. Abstracts Book, 8th International Conference 
on UNESCO Global Geoparks: p. 245. 

VEREB V., VAN WYK DE VRIES B., HAGOTS M. (2019) Remote 
sensing monitoring and geosite assessment of Dallol, Ethiopia. 
Putting an isolated and deserted area on map with geoheritage 
and resilience. Geophysical Research Abstracts 21: EGU2019-5640 



11 

VAN WYK DE VRIES B., VEREB V., KARÁTSON D. (2019) 
Geosite inventories in World Heritage sites: essential for 
protection and management. Geophysical Research Abstracts 21: 
EGU2019-3604 

VEREB V., VAN WYK DE VRIES B. (2019) Urban geosite 
assessment: the example of Clermont-Ferrand. Abstracts Book, 
15th European Geoparks Conference: p. 108. 

GUILBAUD M.N., VAN WYK DE VRIES B., NÉMETH K., VEREB 

V., HAGOS M., MANRIQUE N., FERMET-QUINET N., IRAPTA 

P.N.S., VALLEJO VARGAS S., CORTÉS G.P., NAVARRO M., 
LEVEN C.L. (2020) UNESCO IGCP project 692. Geoheritage 
for geohazard resilience: A global geoheritage initiative to share 
knowledge, raise awareness and communicate about natural 
hazards. Oxford Geoheritage Virtual Conference Abstract Volume: 67-
68. 

VI Other publications 

KARÁTSON D., GERTISSER R., TELBISZ T., VEREB V., 
QUIDELLEUR X., DRUITT T., NOMIKOU P., KÓSIK SZ. (2018): 
Towards reconstruction of the lost Late Bronze Age intra-caldera 
island of Santorini, Greece. Scientific Reports 8(1): 1-8. paper: 7026. 
doi: 10.1038/s41598-018-25301-2 

KARÁTSON D., TELBISZ T., GERTISSER R., STRASSER T., 
NOMIKOU P., DRUITT T., VEREB V., QUIDELLEUR X., KÓSIK 

SZ. (2020) Constraining the landscape of Late Bronze Age 
Santorini prior to the Minoan eruption: Insights from 
volcanological, geomorphological and archaeological findings. 
Journal of Volcanology and Geothermal Research. doi: 
10.1016/j.jvolgeores.2020.106911 

  



12 

VII Selected bibliography 

BOIVIN P., BESSON J.C., BRIOT D., DENIEL C., GOURGAUD A., 
LABAZUY P., DE LAROUZIÈRE F.D., LANGLOIS E., LIVET M., 
MÉDARD E., MERCIECCA C., MERGOIL J., MIALLIER D., 
MOREL J.M.,  THOURET J.C., VERNET G. (2017) Volcanology of 
the Chaîne des Puys. Parc Nat. Régional la Chaîne des Puys (Ed.), 
Cart. Fasc. 6e édition 200pp. 

BRILHA J. (2016) Inventory and quantitative assessment of 
geosites and geodiversity sites: a review. Geoheritage 8(2): 119 134. 
doi: 10.1007/s12371-014-0139-3 

DE WEVER, P., ALTERIO, I., EGOROFF, G., CORNÉE, A., 
BOBROWSKY, P., COLLIN, G., ET AL. (2015) Geoheritage, a 
National Inventory in France. Geoheritage 7: 205-247. doi: 
10.1007/s12371-015-0151-2 

HOLWERDA J. G., HUTCHINSON R. W. (1968) Potash-bearing 
evaporites in the Danakil area, Ethiopia. Economic Geology 63(2): 
124–150. doi: 10.2113/gsecongeo.63.2.124 

REYNARD E., BRILHA J. (Eds) (2018) Geoheritage: Assessment, 
Protection, and Management. Elsevier, Amsterdam, 484 p. 

REYNARD E., PERRET A., BUSSARD J., GRANGIER L., MARTIN 

S. (2016) Integrated approach for the inventory and management 
of geomorphological heritage at the regional scale. Geoheritage 8(1): 
43-60. doi.org/10.1007/s12371-015-0153-0 

VUJIČIĆ, M. D., VASILJEVIĆ, D. A., MARKOVIĆ, S. B., HOSE, 
T.A., LUKIĆ, T., HADŽIĆ, O. & JANIĆEVIĆ, S. (2011) 
Preliminary geosite assessment model (GAM) and its application 
on Fruška gora mountain, potential geotourism destination of 
Serbia. Acta Geographica Slovenica, 51(2): 361-377. 


	I Background of the thesis
	II Research goals
	III Methods
	IV Results – theses
	V Thesis-related publications
	V/A Papers
	V/B Conference abstracts (selected)

	VI Other publications
	VII Selected bibliography

