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Abstract 

The present deliverable regards the description of the database and maps stored into the GIS project 

concerning on the geology and seismotectonics of the three areas selected within the artEmis project 

(Abruzzi region, Italy; Ionian islands and the Gulf of Corinth, Greece; Bedretto lab and Swiss Alps). 

The potential groundwater sites for radon monitoring will be chosen within the three areas. 

The Abruzzi region (Italy) has been managed by UNIVAQ and INGV, the Ionian islands and the Gulf of Corinth 

(Greece) by AUTh, and Bedretto lab and Swiss Alps by ETH. 

The interplay of the geological and seismotectonic data with the other geoscience ones (hydrogeology, and 

seismicity) will permit to better locate the potential radon monitoring sites. 
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1 Introduction 

The present deliverable regards the description of database and maps stored into the GIS project concerning 

the geology and seismotectonics of the three areas selected within the artEmis project (Abruzzi region, Italy; 

Ionian islands and the Gulf of Corinth, Greece; Bedretto lab and Swiss Alps) (fig. 1.1). 

The potential groundwater sites for radon monitoring will be chosen within the three areas. 

The Abruzzi region (Italy) has been managed by UNIVAQ and INGV, the Ionian islands and the Gulf of Corinth 

(Greece) by AUTh, and Bedretto lab and Swiss Alps by ETH. 

The interplay of the geological and seismotectonic data with the other geoscience ones (hydrogeology, and 

seismicity) will permit to better locate the potential radon monitoring sites. 

 

Figure 1.1: The complete European-Mediterranean earthquake catalogue (EMEC) for the period 1900 – 

2012 by Danciu et al. (2021) with the location of the three selected areas (1: Abruzzi region, Italy; 2: Ionian 

Islands and Gulph of Corinth, Greece; 3: Bedretto lab and Swiss Alps) 

1.1 References 

Danciu, L., Nandan, S., Reyes, C., Basili, R., Weatherill, G., Beauval, C., Rovida, A., Vilanova, S., Sesetyan, K., 

Bard, P-Y., Cotton F., Wiemer, S., Giardini, D., 2021. The 2020 update of the European Seismic Hazard Model: 

Model Overview. EFEHR Technical Report 001, v1.0.0. https://doi.org/10.12686/a15 
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2 GIS map and database of geology and seismotectonics (Abruzzi region, 

Italy) 

For selecting the potential groundwater sites for radon monitoring a GIS map and database was organised. 

The free and open-source Geographic Information System QGIS (https://qgis.org/en/site/) was used. 

The QGIS project is available at the Department of Civil, Architectural and Environmental Engineering of 

L’Aquila University (UNIVAQ). 

In the QGIS project of Abruzzi region several geoscience informative database and maps concerning geology, 

seismotectonics, seismicity and hydrogeology, were stored and divided into three main folders: 

Deliverable 2.2 – Geology and seismotectonics; 

Deliverable 2.4 – Seismicity; 

Deliverable 2.6 – Hydrogeology. 

In this deliverable (D2.2) the maps and database of geology and seismotectonics stored in the QGIS project 

are described, while, in the deliverables D2.4 and D2.6 the geoscience data stored in the QGIS project 

concerning the seismicity and hydrogeology are outlined respectively. 

The geological and seismotectonic data and maps stored in the QGIS project are organized as shown in figure 

2.1. 

 

Figure 2.1: Geological and seismotectonic data and maps organised in the QGIS project 
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Moreover, the location of the potential groundwater sites for radon monitoring was stored too. They are 

mainly wells and springs managed by the Water Management Companies of Abruzzi region (tab. 2.1) and 

specific sites managed by INGV (fig. 2.2). 

Further, the GIS project is enriched by various cartographic basemap such as Google Maps, regional DEM 

(Digital Elevation Model) with a resolution of 10 m, cadastral maps, and regional and municipal boundaries 

(fig. 2.3). 

 

WMC  ADP 

ACA Pescara District 

GSA L’Aquila District 

RUZZO  Teramo District 

CAM 
Avezzano area 

(L’Aquila District) 

SACA 
Sulmona area 

(L’Aquila District) 

SASI Chieti District 

Table 2.1: the Water Management Companies (WMC) of Abruzzi region and their relative areas of 

competence (Administrative District Province and main towns: ADP) 

 

The QGIS project permits to overlap the different geoscience data and maps with the potential groundwater 

sites for radon monitoring, so to facilitate the selection of the latter ones. 

As an example, the QGIS project allows to identify the potential sites closer to the active seismogenic faults 

which are considered, in a conceptual model, an important feature for the radon upwelling from the 

earthquake focus considered the initial seismic rupture zone (figs. 2,3, 2.4). 

The more interesting sites within the artEmis project are those placed along the Apennines chain (L’Aquila 

district) which is an area with high values of PGA (Peak Ground Acceleration) and where several seismogenic 

faults are located. Conversely, in the Adriatic coastal area doES not present the seismogenic faults and is 

characterised by lower PGA values (figs. 2.3, 2.4). 

Moreover, in the Abruzzi region the significant areas to select the potential sites are the large intermontane 

plains, such as L’Aquila, Fucino, and Sulmona, and the Val Roveto valley. These areas are encircled by 

significant seismogenic faults (e.g. for L’Aquila: Pizzoli and Paganica faults, for Fucino: Serrone and Trasacco 

faults, for Sulmona: Morrone Mt. fault, Val Roveto: Val Roveto fault) (Carafa et al., 2022) and in them wells 

and high discharge springs (e.g. for L’Aquila: Vetoio, Boschetto, Tempera and Capovera springs, for Fucino: 

Celano, Ferriera and Pulciara springs, for Sulmona: Giardino, Capopescara, San Calisto springs, Val Roveto: 

Liri, Rio Sonno, Verrecchie springs) are widespread (Boni et al., 1986; Celico, 1983) (figs. 2.5, 2.6). Further in 

these plains the epicentral areas of high magnitude (M>6) historical earthquakes are located (for L’Aquila: 

April 6, 2009 - Mw: 6.3 and February 2, 1703 – Mw: 6.7; for Fucino: January 13, 1915 – Mw: 7.0; for Sulmona: 

November 3, 1706 – Mw: 6.6). These plains represent also the most inhabited areas of the Apennine Abruzzo 

(i.e. L’Aquila district, the residents of L’Aquila district are about 300,000, the 25% of the whole Abruzzi) 

showing so a considerable seismic risk.  
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Figure 2.2: The structure of the QGIS project with the location of the potential sites, represented by wells 

(yellow) and springs (blue), of the Abruzzi Water Companies and specific sites managed by INGV 

R
o

m
e
 



Project: 101061712 — artEmis — HORIZON-EURATOM-2021-NRT-01 document nr. D2.2 

 9 

 

 

 

 

 

 

 

 

Figure 2.3: The potential sites for radon monitoring represented by wells (in yellow) and springs (in blue), of 

the Abruzzi Water Companies with the Digital elevation Model and the seismogenic faults from INGV 

database by Carafa et al. (2022) 

 

 

 

 

L’Aquila 

Fucino 
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Figure 2.4: The potential sites (wells in yellow and springs in blue), of the Abruzzi Water Companies with 

the Digital elevation Model, the seismogenic faults by Carafa et al. (2022) and Peak Ground Acceleration 

(PGA). The higher and lower PGA values are red-violet and yellow-green colours, respectively 

L’Aquila 

Fucino 
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Figure 2.5: The potential sites (wells in yellow and springs in blue), of the Abruzzi Water Companies and the 

seismogenic faults and Peak Ground Acceleration (PGA) for L’Aquila area and Gran Sasso. The higher and 

lower PGA values are red-violet and yellow-green colours, respectively 

 

Figure 2.6: The potential sites (wells in yellow and springs in blue), of the Abruzzi Water Companies and the 

seismogenic faults and Peak Ground Acceleration (PGA) for the Fucino intermontane plain. The higher and 

lower PGA values are red-violet and yellow-green colours, respectively 

L’Aquila 

Fucino 
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2.1 Geological maps 

The “Geological maps” folder contains the following maps at different scales (1:50,000, 1:100,000 and 

1:500,000) (fig. 2.1): 

the Italian geological maps at 1:50,000 scale of the CARG project, inserted in the QGIS project through WMS 

(URL: http://sgi2.isprambiente.it/arcgis/services/raster/geo_50k_italia/ImageServer/WMSServer) 

(Geological Survey of Italy, 2023); 

the Geological map of Abruzzi by Vezzani and Ghisetti (1998) at 100,000 scale inserted in the QGIS project as 

georeferenced map; 

The Structural model of Italy (sheet 4) by Bigi et al. (1992) at 1:500,000 scale as georeferenced map. 

Basic knowledge of regional geology, integrated with other geoscience data, is essential to choose the better 

sites for the radon monitoring in the Abruzzi region. As an example, in the figures 2.7-2.10 the geological 

map by Vezzani and Ghisetti (1998) and by Bigi et al. (1992) are reported with the wells and springs of the 

Water Companies and the active faults by Carafa et al., (2022). 

 

 

Figure 2.7: L’Aquila plain and the Paganica active fault: the active faults by Carafa et al. (2022) and the 

geological map of Abruzzi by Vezzani and Ghisetti (1998) at 1:100000 scale with the location of the 

potential radon monitoring sites (spring: blue dot, well: yellow dot) 

 

http://sgi2.isprambiente.it/arcgis/services/raster/geo_50k_italia/ImageServer/WMSServer
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Figure 2.8: L’Aquila plain and the Pizzoli active fault: the active faults by Carafa et al. (2022) and the 

geological map of Abruzzi by Vezzani and Ghisetti (1998) at 1:100000 scale with the location of the 

potential radon monitoring sites (spring: blue dot, well: yellow dot) 

 

 

Figure 2.9: Fucino plain (left) and Sulmona plain (right): the active faults by Carafa et al. (2022) and the 

geological map of Abruzzi by Vezzani and Ghisetti (1998) at 1:100000 scale with the location of the 

potential radon monitoring sites (spring: blue dot, well: yellow dot) 
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Figure 2.10: Zoom in of the Structural model of Italy (sheet 4) for the Abruzzi region (Bigi et al., 1992) with 

the location of the potential monitoring sites (blue dot: spring, yellow dot: well), the active faults by Carafa 

et al. (2022) and the main earthquakes by Guidoboni et al. (2018) 
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2.2 Seismotectonics 

The “Seismotectonics” folder contains many information acquired from different sources and cataloged in 

three folders (fig. 2.1):  

“DISS”; 

“Seismic macrozonation”; 

“FAC ITHACA”. 

Within the above-mentioned folder the active faults, seismogenic sources, and seismogenic zones are stored. 

So here a brief definition of this elements. The active fault is a fault that is likely to become the source of 

another earthquake sometime in the future. Italian paleoseismologists commonly consider faults to be active 

if there has been coseismic rupture observed or evidence of seismic activity during the last 40,000 years 

(lower limit of radiocarbon dating). The radicarbon dating is used to date the soils involved in the surface 

rupture of the active fault. 

The seismogenic source corresponds to Individual faults, or systems of faults, for which it is possible to 

calculate both the expected maximum earthquake magnitude and the ratio between the number of strong 

and weak earthquakes. 

The seismogenic zone is a portion of the earth's crust or mantle from which earthquakes can originate. These 

elements, together with the earthquake catalogs and the seismic wave propagation models, are necessary 

to proceed with the probabilistic calculation of the seismic hazard and to classify the territory with respect 

to the seismic hazard. 

2.2.1 Database of Individual Seismogenic Source (DISS) 

The “DISS” (Database of Individual Seismogenic Source) folder contains the DISS version 3.3.0 by INGV which 

is a georeferenced repository of tectonic, fault, and paleoseismological data. It is an ensemble of potential 

sources for earthquakes larger than M 5.5 in Italy (https://diss.ingv.it/diss330/dissmap.html URL: 

https://services.seismofaults.eu/geoserver/DISS330/wms?request=getCapabilities) (DISS Working Group, 

2021) (fig. 2.11). It is considered the magnitude 5.5 because usually it is assumed as the threshold value 

beyond which the fault responsible for the earthquake assumes such dimensions that it can be identified 

through geological methodologies. Further, in Italy, due to the prevailing construction typologies, magnitude 

5.5 is usually seen as the lower limit for which a crustal earthquake can cause such shaking as to create 

significant damage to buildings. 

The main DISS elements are: (i) the individual seismogenic source: a simplified and 3D representation of the 

fault plane; (ii) the composite seismogenic source: an elongated region characterized by a set of aligned 

seismogenic sources; (iii) the debated seismogenic source: an active fault proposed in the literature as a 

potential seismogenic source but was not considered certain enough; (iv) the subduction zone: a complex 3D 

representation of the detachment at the base of the accretionary prism. Each record is supported by 

information, commentary, and references (fig. 2.12). 

The individual seismogenic sources can be used for scenario studies, while the composite ones are used, 

together with the seismicity catalogues, to develop probabilistic models of seismic hazard. For further 

information on the DISS, you can watch the video at https://www.youtube.com/watch?v=4ptmcpKUvRM. 

https://en.wikipedia.org/wiki/Fault_(geology)
https://en.wikipedia.org/wiki/Earthquake
https://diss.ingv.it/diss330/dissmap.html
https://www.youtube.com/watch?v=4ptmcpKUvRM
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Figure 1.11: View for the Abruzzi region of the DISS version 3.3.0 by INGV (DISS Working Group, 2021) with 

the potential monitoring sites (spring: blue dot, well: yellow dot) 
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Figure 2.12: DISS version 3.3.0 by INGV (DISS Working Group, 2021): example of information, commentary, 

and references referred to the seismogenic source. 
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2.2.2 Seismic macrozonation 

The “Seismic macrozonation” folder contains the informational levels shown in figure 2.1. This group includes 

the seismogenic zonation ZS9 by INGV (https://data.ingv.it/dataset/344#additional-metadata) (Meletti and 

Valensise, 2004). It is stored in the QGIS project as WMS found on the Italian Geoportal of the Ministry of the 

Environment (link http://www.pcn.minambiente.it/) and the georeferenced “Map of the seismogenic zones 

and seismotectonic provinces” by Lavecchia et al. (2006). 

The seismogenic zonation ZS9 by INGV is a seismic source model for Italy to be used as an input for 

probabilistic seismic hazard assessment (https://data.ingv.it/dataset/344#additional-metadata) (Meletti et 

al., 2004; Meletti and Valensise, 2004). ZS9 has been elaborated based mainly on the information of the DISS 

2.0 (Database of Individual Seismogenic Source) catalog (Valensise et al., 2001). The main informative data 

reported in the QGIS project are the limits, the effective depth, the dominant fault mechanism, and the soft 

boundaries of the identified seismogenic zones (figs. 2.13-2.15). ZS9 is made up for the Italian territory of 

more than 30 zones where earthquakes with Mw ≥ 5 can occur. 

Within the Abruzzi region, from NE toward SW, the zones 917, 918, 923 and 920 fall. They are NW-SE 

elongated like the Apennine chain (fig. 2.13). The zone 923 is located within the axial zone of Apennines, 

which include faults and fault systems linked to the NE-SW directed Apennine extensional area. In the zone 

923, the seismogenic sources, responsible for the earthquakes with the highest magnitude that hit the central 

Apennines, fall. The zone 923 can be considered the zone with the highest seismic hazard of the Abruzzi 

region. The zone 920 represents the transition toward SW to the peri-Tyrrhenian extensional areas. It is 

characterized by low-energy seismicity that only occasionally reaches high magnitude values. Instead, zone 

918 falls within a transition strip with mixed characteristics, where different mechanisms coexist (essentially 

compressive regime to the NW and extensional regime to the SE). Finally, zone 2017 represents a full 

compressive area dominated by buried thrust faults (expected failure mechanisms: thrust and strike-slip). 

The boundaries between the zones shown in the "Limits of seismogenic zones" are represented by using two 

different colors: black and blue. The black boundary defines the boundaries that are exclusively derived from 

tectonic or geologic-structural information. The blue boundary defines subdivisions of zones with the same 

deformation style but with different seismic characteristics, such as spatial distribution and frequency of the 

events, maximum expected magnitude, etc. These two differences are significant for a correct assessment of 

the seismic hazard (fig. 2.13). 

In the “Dominant fault mechanism” layer is included all information concerning the prevalent fault 

mechanism for each seismogenic zone. The prevalent fault mechanism refers to the one that has the highest 

probability of characterizing future significant earthquakes. This mechanism has been expressed according 

to three types: normal fault (light blue color), reverse fault-thrust (red color), strike-slip fault (green color) 

and undefined mechanism (white color) (fig. 2.14). 

The “Effective depth” layer contains information about the seismogenic layers and their corresponding 

effective depth for each seismogenic zone. The “effective depth” is the depth to which the maximum number 

of earthquakes occur. In this informative layer, yellow, green, blue, and red colors respectively represent an 

effective depth of about 3 -5 km, 6 – 7 km, 8 – 12 km, 13 – 20 Km (fig. 2.15). 

Considering the above-mentioned seismotectonic setting of the Abruzzi region, the most interesting area 

where to locate the potential radon monitoring sites should be the zone 923 characterised by NW-SE directed 

normal faults, normal faulting earthquakes and hypocenter depths about 13-20 km (figs. 2.16-2.18). 

 

https://data.ingv.it/dataset/344#additional-metadata
http://www.pcn.minambiente.it/
https://data.ingv.it/dataset/344#additional-metadata
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Figure 2.13: The seismogenic zones for the Italian territory of the zonation ZS9: "Limits of seismogenic 

zones". Square: Abruzzi region 
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Figure 2.14 The seismogenic zones for the Italian territory of the zonation ZS9: "Dominant fault 

mechanism". Square: Abruzzi region 
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Figure 2.15: The seismogenic zones for the Italian territory of the zonation ZS9: "Effective depth ". Square: 

Abruzzi region 
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Figure 2.16: Seismogenic zones ZS9 by Meletti et al. (2004), active faults by Carafa et al. (2022) and 

potential monitoring sites (spring: blue dot, well: yellow dot). From SW toward NE: zone 918: brown, zone 

923: Violet, zone 918: green, zone 917: dark brown 

 

Figure 2.17: “Dominant fault mechanisms” of earthquakes from Seismogenic zones ZS9 by Meletti et al. 

(2004), active faults by Carafa et al. (2022) and potential monitoring sites (spring: blue dot, well: yellow 

dot). Earthquake rupture mechanism: compressive fault-thrust: red, mixed faulting: compressive and 

normal faults: white, normal faulting: light blue 
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Figure 2.18: “Effective depth” of earthquakes from Seismogenic zones ZS9 by Meletti et al. (2004), active 

faults by Carafa et al. (2022) and potential monitoring sites (spring: blue dot, well: yellow dot). Hypocentral 

depth: 6-7 km: green, 8-12 km: red, 13-20 km: blue  

2.2.3 Active faults 

The “FAC ITHACA” folder contains information about the active and capable faults that affect the Italian 

territory, cataloged by the Geological Survey of Italy (ISPRA) 

(http://sgi.isprambiente.it/ithaca/viewer/index.html). 

The ITHACA project, which stands for ITaly HAzard from CApable faults, is a fundamental tool for: a) 

environmental and seismic hazard analysis, b) territorial planning, and c) Civil Protection emergency 

management. The active and capable faults are here classified based on their latest activation and kinematics 

(fig. 2.19). 

Further, the INGV database of active faults by Carafa et al. (2022) ("Carafa&al_2022_faultDatabase") has 

been added in the QGIS project. For the detailed description of these active faults see the deliverable D2.1. 

In figure 2.20, by way of example, the attribute table of the database by Carafa et al. (2022) is reported. The 

attribute table is composed of 7 columns: 

1. OBJECTID is a progressive number assigned to the active fault; 

2. Code refers to the fault code; 

3. Name irefers to the tectonic structure’s name; 

4. Dip_dir refers to the fault dip direction; 

5. Outcrop refers to the field characteristics of the faults: certain, buried and inferred; 

6. Throw_rate in mm/year; 

7. 95_IC refers to the the 95% confidence interval with respect to the median of the throw rate 

distribution. 

http://sgi.isprambiente.it/ithaca/viewer/index.html
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Figure 2.19: Zoom-in of the ITHACA catalog for the Abruzzi region (black contour line) in which the active 

faults are classified based on the last activity (a) and fault kinematics (b) 
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Figure 2.20: Attribute table active faults database of the Abruzzi region by Carafa et al. (2022) 

 

The database of Carafa et al. (2022) contains also the seismogenic sources represented by the so-called 

seismogenic boxes (i.e. the active fault plane projection on surface) (fig. 2.21).  
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Figure 2.21: The seismogenic boxes (i.e. the active fault plane projection on surface) representative of the 

seismogenic sources for the Abruzzi region (Carafa et al., 2022) 
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3 GIS map and database of geology and seismotectonics of the central 

Ionian Islands & Corinth Gulf 

In this section the workflow and the structure of the developed GIS databases and the corresponding maps 

about the geology and the seismotectonic setting of central Ionian Islands and Gulf of Corinth, Greece, is 

presented. It includes details about the data compiled for the developed databases (geological formations 
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and active faults of the selected areas), along with the descriptions concerning the structure of the related 

databases. Examples of geological and seismotectonic maps for both the central Ionian Islands and Gulf of 

Corinth using the associated shapefiles, are also given. 

 

3.1 Geology GIS database and maps of central Ionian Islands and Corinth Gulf 

For the development of the GIS database and the associated maps concerning the geology of central Ionian 

Islands (Kefalonia and Lefkada) and Gulf of Corinth the geological formations data of each area are compiled 

and extracted from the available digitized geological map sheets and presented as polygons in the respective 

shapefiles of the database. Additionally, already published geological maps are georeferenced and stored in 

the database via the QGIS software. The maps are prepared by using the Digital Elevation Model (DEM) of 

Greece provided by the Copernicus Land Monitoring Service (https://land.copernicus.eu/imagery-in-situ/eu-

dem; last accessed on April 2023) for the construction of the geomorphological base maps of selected areas. 

 

3.1.1 Geology GIS database and maps of central Ionian Islands 

The development of geological GIS database and the corresponding geological map of central Ionian Islands 

is implemented by accessing the geological map sheets of Bornovas (1964), Rondoyanni et al. (2007) and the 

Institute of Geology and Mineral Exploration (IGME). Additionally, the geological maps of Papathanasiou et 

al. (2021) and Lekkas and Mavroulis (2015) for Lefkada and Kefalonia Islands, respectively, are 

georefererenced and also included in the developed geological GIS database.  

In detail, the geological database of Lefkada Island is composed by the detailed geological formations 

shapefile (Lefkada_Geological_Units.shp) of the geological map sheets of Bornovas (1964) and Rondoyanni 

et al. (2007) as compiled by Papathanasiou et al. (2021). It is also including the simplified georefererenced 

geological map provided by the latter authors. An example of elaboration of the geological data included in 

the database in constructing a simplified geological map for Lefkada Island is shown in Figure 3.1. Specifically, 

Figure 3.1 shown the geological formation extended in Lefkada Island as they grouped considering lithological 

and chronological criteria, using as input file the geological formations shapefile, which includes the 

geological information compiled from the aforementioned studies. As it is derived from the geological map 

of Figure 3.1, Lefkada Island is mainly composed by geological formations of the Paxos (brown and blue colors 

for the Flysch and marine carbonates geological units, respectively) and Ionian (dark grey and green colors 

for the Flysch and marine carbonates geological units, respectively) Pre-Apulian zones of the External 

Hellenides, along with Quaternary-Holocene coastal and Miocene marine sediments denoted with the light 

grey and yellow colors, respectively.  

Similarly, the geology of Kefalonia Island is also composed by the geological formations of the Paxos and 

Ionian zones of the External Hellenides, along with both coastal and marine sediments. The spatial extend of 

the geological formations of Kefalonia Island, which is included in the current developed database is taken 

by georeferencing the detailed neotectonic map provided by Lekkas and Mavroulis (2005). Figure 3.2 shown 

a snapshot of the QGIS software workspace, in which the GIS database of central Ionian Islands and the 

georeferenced neotectonic map of Kefalonia Island is stored. 

https://land.copernicus.eu/imagery-in-situ/eu-dem
https://land.copernicus.eu/imagery-in-situ/eu-dem
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Figure 3.1: Simplified geological map of Lefkada Island, in which the geological formations are denoted with 

different colors according to the inset legend, using as input data the geological map sheets of Bornovas 

(1964) and Rondoyanni et al. (2007) as compiled by Papathanasiou et al. (2021) 

 

 

Figure 3.2: Snapshot of the QGIS Database workspace showning the georeferenced geological map of 

Kefalonia Island taken from Lekkas and Mavroulis (2015), which is stored in the Geological GIS Database 
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3.1.2 Geology GIS database and maps of Corinth Gulf 

The GIS database and map of the second selected area, the Gulf of Corinth, are developed by the use the 

detailed geological map of Valkaniotis (2009) and the geological map sheets of the Institute of Geology and 

Mineral Exploration (IGME). Gulf of Corinth is composed by formations belonging to Pelagonian, Parnassos, 

Pindos and Gavrovo – Tripolitsa zones from its Easternmost to its Southernmost margins. Formations of the 

aforementioned geological zones are given in terms of discrete polygons in the detailed geological formations 

shapefile (Corinth_Geological_Units.shp), which is stored in the GIS Database. Figure 3.3 shown a snapshot 

of QGIS Database workspace, in which the geological formations shapefile (Corinth_Geological_Units.shp) is 

loaded. 

 

Figure 3.3: Snapshot of the QGIS Database workspace showing the loaded detailed geological formations 

layer of the Gulf of Corinth as compiled by Valkaniotis et al. (2009) and the geological map sheets of the 

Institute of Geology and Mineral Exploration (IGME). Each color represents different geological formations 

according to their lithology 

3.2 Seismotectonic GIS database and maps of central Ionian Islands and Corinth Gulf 

In this section the main characteristics and the structure of the GIS databases concerning the seismotectonics 

of central Ionian Islands and Gulf of Corinth are described, along with the workflow of the compilation of the 

including fault segments data and parameters. The maps of the main active seismic faults of both the selected 

areas are also presented.  

The development of the databases is based upon the compilation of available seismological and geological 

field survey data provided by published studies, combined with information of additional fault databases. 

The current approach is implemented by assuming the standard source characterizations of independent 

ruptured segments with fixed endpoints (Schwartz, 2018). Each of the two databases consists of discrete 

fault segments, which defined by their structural and geometric parameters (e.g., faulting type, fault traces, 

fault dimensions). They are composed by the following parameters for each fault: 
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• the geographical coordinates of the fault segment trace. 

• an identification number (Fault ID). 

• the fault segment name. 

• the type of faulting (normal, thrust, strike-slip). 

• the geometrical and kinematic fault segment parameters (strike, dip, rake, length and width). 

• the corresponding references used for the fault segment definition. 

The aforementioned parameters and information are used for the construction of the source files of the two 

databases in .csv format (Ionian_Faults.csv and Corinth_Faults.csv). An example of the structure of source 

files is shown in Figures 3.4 for the case of the central Ionian Islands database. These source files are the core 

inputs for the development of the associated shapefiles of the databases. The resulted shapefiles include the 

defined fault parameters in their Attribute Tables. 

 

Figure 3.4: The structure of the source file of the seismotectonic database of central Ionian Islands, 

composed by the coordinates of fault segment trace, the fault ID, the fault segment name and type, the 

geometrical and kinematic parameters of fault segment (strike, dip, rake) in degrees, fault segment 

dimensions (length, width) in km and the corresponding references 

 

Figure 3.5 shown an example of the development of the seismotectonic map of Gulf of Corinth with the use 

of QGIS software. Specifically, in the left part of Figure 3.4 the uploaded base map and the shapefile of active 

faults of Gulf of Corinth (Corinth_2.shp; 2nd version of the Gulf of Corinth Fault Database), whereas in the 

middle part of Figure 3.5 the projections of the active faults included in the Database on the 

geomorphological base map are shown with the solid red lines. The thick solid line represents the selected 

fault segment of which the associated parameters are included in the Attribute Table of the corresponding 

shapefile in the right part of Figure 3.5. 
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Figure 3.5: Example of the preparation of the seismotectonic map of Gulf of Corinth using the 

corresponding database of active faults (Corinth_Faults.csv) via the QGIS software. The uploaded base map 

and the shapefile of active faults of Gulf of Corinth (Corinth_2.shp) are shown in the left part, whereas the 

projections of the active faults are shown in the middle one (solid red lines). Thick solid red line depicts the 

selected fault segment (Aigion; Fault ID: 2) of which the associated parameters are included in the Attribute 

Table and are shown in the right part 

3.2.1 Seismotectonic GIS database and maps of central Ionian Islands 

The main seismotectonic feature of central Ionian Islands is the Kefalonia Transform Fault Zone (KTFZ), which 

is characterized by right-lateral strike slip motion with significant thrust component (Scordilis et al., 1985; 

Kiratzi and Langston, 1991; Papadimitriou, 1993; Louvari et al., 1999) and can be distinguished into two main 

branches, namely the Lefkada branch covering its northern part, striking NNE-SSW and the Kefalonia branch 

to the south with a slightly different NE-SW strike.  

The database of active fault segments extended within central Ionian Islands is composed by the 5 main right-

lateral fault segments, which are associated with large earthquakes (Mw≥6.0) occurred during the 

instrumental period of seismicity (since 1983) and allowing their detailed definition. For this definition the 

studies of Scordilis et al. (1985), Karakostas et al. (2004), Karakostas et al. (2015) and Papadimitriou et al. 

(2017) are used. Additionally, Karakostas et al. (2015) proposed the existence of a transition zone of 3 

secondary parallel step-over fault segment between Kefalonia and Lefkada Islands, which are also included 

in the current database. The secondary Athani-Dragano strike-slip fault, which is sub-parallel to the Lefkada 

branch fault segments of KTZF (Rondoyanni et al., 2012), is included in the Database, as well. 

The southeastern part of Kefalonia Island is also characterized by the existence of thrust faulting, as 

geological mapping evidences. The main active thrust faults are the Mount Ainos fault segment and the 

Argostoli ones. For the definition of the structural and geometrical parameters of those faults the available 

data from the studies of Jenkins (1972), McKenzie (1972) and Underhill (1989) are combined.  

 

 



Project: 101061712 — artEmis — HORIZON-EURATOM-2021-NRT-01 document nr. D2.2 

 33 

 

Figure 3.6: Geomorphological map of central Ionian Island, along with the 10 active fault segments of the 

related seismotectonic database. Fault segments are depicted as solid red lines with different symbol 

styling in accordance with its faulting type, along with their Fault ID (1: North Lefkada fault segment; 2: 

South Lefkada fault segment; 3: North Kefalonia fault segment; 4: South Kefalonia fault segment; 5: 

offshore Kefalonia fault segment; 6-8: Step Over fault segments; 9: Athani-Dragano fault segment; 10: 

Ainos fault segment; 11: Argostoli fault segment) 

 

The final seismotectonic database of central Ionian Island (in both .csv and .shp file formats) consists of 11 

active fault segments (the 5 main right-lateral fault segments of KTFZ, the 3 secondary step-over fault 

segments, along with Athani-Dragano one, and the 2 thrust fault segments), whose parameters are compiled 

from the aforementioned studies). Figure 3.6 shown the resulted map, in which the fault segments traces 

are projected on the geomorphological base map. Its fault segment is depicted as a solid red line with 

different symbol styling in accordance with its faulting type, along with its assigned Fault ID number. 

3.2.2 Seismotectonic GIS database and maps of Corinth Gulf 

The Gulf of Corinth is one of the most seismically active areas of Greece with a large number of strong 

(Mw≥6.0) earthquakes, both historical (such as the Heliki earthquake with Μ=6.8 occurred in 373 BC) and 

instrumental (such the sequence of strong earthquakes during 1981 in the Gulf of Alkyonides with Mw=6.7, 
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Mw=6.4 and Mw=6.3, occurred on February 24 and 25 and March 4, respectively). Corinth Gulf is characterized 

by normal faulting due to the main extensional stress field of the Aegean back-arc region.  

The area of the Gulf of Corinth is one of the most studied, which has resulted in the detailed identification of 

its main active faults, which are distributed along its northern and southern coastlines. The database of active 

fault segments is created by compiling a series of already published seismological, seismotectonic and 

geological studies (Marinatos, 1960; Armijo et al., 1996; Hubert et al., 1996; Morewood and Roberts, 1999; 

Stefatos et al., 2002; Pantosti et al., 2004; Bernard et al., 2006; Valkaniotis, 2009; Console et al., 2013; 

Marinou et al., 2015), along with the available fault parameters and data included in two fault databases of 

the broader Aegean area, namely the database of active faults of Papazachos et al. (2001) and the one of the 

National Observatory of Athens (NOA Faults Database; Ganas, 2020). 

 

Figure 3.7: Geomorphological map of Gulf of Corinth, along with the 15 active normal fault segments of the 

related seismotectonic database. Fault segments are depicted as solid red lines along with their Fault ID (1: 

Psathopyrgos fault segment; 2: Aigion fault segment; 3: Heliki fault segment; 4: Akrata fault segment; 5: 

Xylokastro fault segment; 6: Perachora fault segment; 7: Schinos fault segment; 8: Alepochori fault 

segment; 9: Kapareli fault segment; 10: Delfoi fault segment; 11: Sykia fault segment; 12: Makrygialos fault 

segment; 13: Marathias fault segment; 14: Trizonia fault segment; 15: Lidoriki fault segment) 

 

The current seismotectonic database is composed by 15 active normal faults. The 8 out of the 14 active faults 

are extended along the southern coastlines of Corinth Gulf, having a gradual change in their strike from 270°–

280° to 260°–270° from west to east, while they are dipping to the north with angles varying between 30° 

and 45°. The rest of the active normal faults (7 out of the 15) are bounding both the northern (6 faults 

segments) and the southeastern (1 fault segment) margins of Corinth Gulf. Figure 3.6 shown the map of the 

projected traces of 14 active normal faults, included in developed database. Its active fault is depicted as a 

solid red line, along with its assigned Fault ID number. 
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4 GIS map and database of geology and seismotectonics (Bedretto lab 

and Swiss Alps) 

In this section, the maps and database of geology and seismotectonics of Switzerland that are used in the 

QGIS project are described. 

Most of the official swisstopo geospatial data have become freely available in recent years. For a quick 

overview or creating maps they can be displayed in any standard GIS Program such as QGIS as WMS (Web 

Mapping Service; https://wms.geo.admin.ch/). However, for calculations based on the geodata, they can be 

downloaded (often in various file formats, including shapefiles, Geodatabase (.gdb), and GeoPackage (.gpkg). 

4.1 Geological and tectonic map 

The GeoCover (v3) vector data set is based on the published maps of the Geological Atlas of Switzerland 1:25 

000, partly revised, and on compilations extracted from the most recent geological map material that is 

available (swisstopo, 2023a). 

The GeoCover dataset includes detailed geologic and tectonic features as points, lines and polygons, 

describing the sedimentary and bedrock layers and units (Fig. 4.1). 

 

 

https://wms.geo.admin.ch/
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Figure 4.2: Extract of the GeoCover dataset (swisstopo) including lithologic and tectonic information 

4.2 Large-scale tectonic map 

The Tectonic map of Switzerland 1:500000 (swisstopo, 2023b) shows large-scale structural and tectonic units 

to give a better understanding of the geological structure of the Alps and their surroundings (Fig. 4.2). 

 

Figure 4.2: Extract of the “Tektonik 500” dataset (swisstopo) including lithologic and tectonic information 
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In the Bedretto tunnel, sampling locations are mainly described in tunnel meters (TM), where TM0 refers to 

the Tunnel entrance near the village of “Ronco”. The sampling locations in the tunnel will be manually 

georeferenced based on the tunnel meters.  
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