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Abstract 

The present document is a review of the seismicity of the three selected areas in which, within the artEmis 

project, the potential groundwater sites for radon monitoring will be located. 

The selected areas are the Abruzzi region (Italy), the Ioanian Islands and the Gulf of Corinth (Greece) and 

Bedretto lab and Swiss Alps. 

Within the artEmis project, 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. 
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1 Introduction 

Many studies showed that several geogas and hydrogeochemical parameters of groundwater changed during 

pre- and post-seismic phases of an earthquake. Radon, which is nowadays viewed as an efficient tracer of 

the geodynamic processes occurring in the Earth's crust, is included among these parameters. Radon is even 

considered a potential earthquake precursor due to its changes anticipating the seismic event (Kawabata et 

al., 2020 and references therein; Morales-Simfors et al., 2020 and references therein; Wakita et al., 1980). 

Thus, radon amount measurements in groundwater could help to understand the crustal deformation 

processes such as crack enucleation or strain changes, which enhance before the earthquake occurrence 

(Asano et al., 2001). Considering the premise, within the artEmis project, a multiparametric up-to-date low-

cost sensors network will monitor radon in groundwater with a remarkable spatial and temporal resolution 

in three European areas selected on the base of their significant seismicity and peculiar seismotectonic, 

geological and hydrogeological setting, but also for having a quite efficient logistic background. The final goal 

of the artEmis project is to use the radon monitoring in groundwater as a potential seismic precursor. 

Therefore, particular attention, in this first step of the artEmis project, will be given to the selection of the 

radon monitoring sites in the three areas which should be possibly hydro- or geogas-sensitive in response to 

the seismic activity (Gori and Barberio, 2022). The location of these sites is based on the knowledge of 

the physical properties of source rocks, the hydrogeological setting, the seismotectonic background and the 

seismic activity, since radon release in groundwater depend on them (Kawabata et al., 2020 and references 

therein). These topics are described in detail in the deliverables D2.1-D2.6. The present deliverable concerns 

on the description of the seismicity of the three selected areas (Abruzzi region, Italy; Ioanian Islands and Gulf 

of Corinth, Greece; Bedretto lab and Swiss Alps) (figure 1.1). 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. 

 

 

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

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) 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/physical-property-of-rocks
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2 Seismicity of the Abruzzi region (Italy) 

In this deliverable the main features of the Abruzzi region seismicity are described. Above all the historical 

and instrumental seismicity are outlined. 

Firstly, the Abruzzi region, located in central Italy (area about 11000 km², fig. 2.1), was selected because of 

its high seismicity as testified by the April 6th нллф a сΦо [Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜ ŀƴŘ ǘƘŜ нлмс central Italy 

seismic sequence (August 24th, 2016 M 6.0 Amatrice earthquake and October 30th 2016 M 6.5 Mt. Vettore 

earthquake). 

2.1 Historical Seismicity 

All information about Abruzzi historical and instrumental seismicity are taken from CPTI15 (Parametric 

Catalogue of Italian Earthquakes) and DBMI15 (Italian Macroseismic Database); as they are closely linked, 

DBMI15 and CPTI15 have been published together, and using the same release version, but in two distinct 

websites. They are openly available via their dedicated website at http://emidius.mi.ingv.it/CPTI15-DBMI15, 

ŀƴŘ ǘƘŜ άǿŜō ǎŜǊǾƛŎŜέ Ǿƛŀ ǘƘŜ Lǘŀƭƛŀƴ !ǊŎƘƛǾŜ ƻŦ IƛǎǘƻǊƛŎŀƭ 9ŀǊǘƘǉǳŀƪŜ 5ŀǘŀ ό!{aLΤ 

https://emidius.mi.ingv.it/ASMI/services/). 

2.1.1 CPTI15: main outlines 

The present version of CPTI15 (version 4.0) covers the entire Italian territory together with some 

neighbouring areas and seas (figure 2.2) and counts 4894 earthquakes occurred in the time span 1000-2020 

(Locati et al., 2022; Rovida et al., 2020; 2022). The catalogue provides homogeneous macroseismic and 

ƛƴǎǘǊǳƳŜƴǘŀƭ Řŀǘŀ ŀƴŘ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ Lǘŀƭƛŀƴ ŜŀǊǘƘǉǳŀƪŜǎ ǿƛǘƘ ƳŀȄƛƳǳƳ ƛƴǘŜƴǎƛǘȅ җ р ƻǊ ƳŀƎƴƛǘǳŘŜ җ пΦлΤ 

the selected magnitude is moment magnitude (Mw), and for all the earthquakes, the related uncertainty is 

provided. However, a few earthquakes with Mw < 4.0 are also included in the catalogue; for these events, 

located in the volcanic regions of Etna and Ischia-Phlegrean fields, specific energy thresholds and 

https://doi.org/10.5453/jhps.36.149
https://doi.org/10.1016/j.jhydrol.2020.124712
https://doi.org/10.1126/science.207.4433.882
https://emidius.mi.ingv.it/ASMI/services/


Project: 101061712 τ artEmis τ HORIZON-EURATOM-2021-NRT-01 document nr.D2.3 

 7 

parameterizations were adopted. Magnitude thresholds were set at Mw 3.0 and Mw 3.1 for Etna and 

Phlegrean Fields, respectively. 

CPTI15 is not declustered and contains all the foreshock and aftershocks available and known within the 

considered intensity and magnitude thresholds. Moreover, it contains the addition of a few earthquakes and 

the update of the instrumental parameters of a few ones in the period September 2018-December 2019, 

because of the publication and the insertion of the Reviewed Bullettin of the ISC (International Seismological 

Centre) for that period. Considering the period January-December 2020, all the listed 29 earthquakes are 

supported by instrumental data. Instrumental catalogues considered for location mainly consist of the four-

months releases of the Italian Seismic Bullettin BSI (Arcoraci et al., 2020; Pinzi et al., 2020; Pizzino et al., 

2021), available through the ISIDe database (Italian Seismological Instrumental and Parametric Database; 

ISIDe Working Group, 2007), and the EtnaRCSC (Mt. Etna Revised and Concise Seismic Catalog from 1999; 

Alparone et al., 2020) catalogue for the Mt Etna area. In the considered period, no earthquake with 

ƳŀƎƴƛǘǳŘŜ җ пΦл ǘƻƻƪ ǇƭŀŎŜ ƛƴ ǘƘŜ !ōǊǳȊȊi region (Rovida et al., 2022). 

 

 

 

 

Figure 2.1: Abruzzi region (central Italy) 

(https://it.wikipedia.org/wiki/Abruzzo#/media/File:Cartina_fisica_Abruzzo_2019.png) 

 

https://it.wikipedia.org/wiki/Abruzzo#/media/File:Cartina_fisica_Abruzzo_2019.png
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The catalogue considers and harmonises as much as possible input data of different type and origin. 

For further details on the CPTI15 contents, structure, file formats, macroseismic and instrumental datasets 

(and related sources), (Rovida et al., 2022). Moreover, in this document are indicated the procedures 

adopted to convert different magnitude datasets (ML, Md, Mb, Ms) into the final Mw values, along with a 

new derived empirical relationship to transform epicentral intensity (Io) into moment magnitude Mw values. 

 

 

Figure 2.2: Map of the epicentres of the 4894 Italian earthquakes listed in the CPTI15 (covered period: 

1000-2020). Different square colours and sizes represent Mw classes. Border of the areal coverage (blue 

polygon) is also shown. Square: Abruzzi region 
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2.1.2 DBMI15: main outlines 

Version 4.0 of the Italian Macroseismic Database DBMI15 has been released in January 2022 (Locati et al., 

2022). It makes available a set of macroseismic intensity data related to Italian earthquakes and covers the 

time-window 1000-2020. Intensity data derive from studies by authors from various Institutions, both in Italy 

and bordering countries (France, Austria, Slovenia, and Croatia). 

Macroseismic Data Points (MDPs) are collected and organized in DBMI for several scopes. The main goal is 

to create a homogenous set of data for assessing earthquake parameters (epicentral location and magnitude) 

for compiling the Parametric Catalogue of Italian Earthquakes (CPTI). The data provided by DBMI are also 

used for compiling the seismic history of thousands of Italian localities (15343 in DBMI15), in other words the 

list of effects observed in a place through time because of earthquakes, expressed as macroseismic intensity 

degrees. 

DBMI15 contains 123981 macroseismic data points related to 3229 earthquakes. MDPs are related to 20162 

localities, of which 15343 are in Italy and cover a total number of 7703 municipalities, out of the total 8047 

(ISTAT, нлмрύΦ .ȅ ŀŎŎŜǎǎƛƴƎ ǘƘŜ άǉǳŜǊȅ ōȅ ƭƻŎŀƭƛǘȅέ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ǿŜōǎƛǘŜΣ ǳǎŜǊǎ Ƴŀȅ ƻōǘŀƛƴ ǘƘŜ ǎŜƛǎƳƛŎ ƘƛǎǘƻǊȅ 

of each locality, i.e., the list of earthquakes for which a macroseismic intensity is reported. 

Over time, a great increase in both the number of earthquakes with intensity data and the total number of 

intensity data with respect to previous versions, is recognised. In case of multiple studies related to the same 

earthquake, a selection has been carried out considering the quality of each study, and the number and 

spatial distribution of MDPs. 

For further details on the DBMI15 contents, structure, file formats, macroseismic and instrumental datasets 

(and related sources), (Locati et al., 2022). 

2.2 Main historical and instrumental earthquakes  

The Abruzzi region is an area undergoing active tectonics and it is historically characterised by high seismicity. 

The strongest earthquakes were severely damaging, with epicentral intensity on the MCS scale of up to XI 

and magnitude, obtained from both macroseismic and instrumental data, up to 7.1 (CPTI15 and DBMI15 

versions 4.0, Locati et al., 2022; Rovida et al., 2022). 

In table 2.1, 58 earthquakes, occurred in the period 1000-нлнл ǿƛǘƘ aǿ җ рΦлΣ ŀǊŜ ƭƛǎǘŜŘΤ Ƴƻǎǘ ƻŦ ǘƘŜ 

historical events occurred within the mountain chain (along the Apennine belt, running in the NW-SE 

direction), and only a few small to moderate earthquakes (MCS LƴǘΦ Җ ±LLLΤ aǿ ғ рΦрύ ƻŎŎǳǊǊŜŘ ǘƻǿŀǊŘǎ ǘƘŜ 

Adriatic coast (figure 2.3). 

Geologic information on the geometric, kinematic, and energetic parameters of the major active faults in the 

Abruzzi region defines discrete seismogenic structures (normal faults) of about 25-30 km in length (Romano 

et al., 2013), mainly running along the Apennine chain, but many others remain poorly known, especially in 

the coastal area. For example, the Maiella area has a deep seismic source (thrust faults) extending towards 

the Adriatic coast with scarce evidence of superficial rupture but linked to moderate to strong historical 

earthquakes (e.g., 1822, 1881-1882 and 1933, table 2.1). 

2.2.1 Main historical earthquakes 

A short description of the ŜŀǊǘƘǉǳŀƪŜǎ ǿƛǘƘ aǿ җ сΦлΣ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ !ōǊǳȊȊi region in the period 1000-1900, 

is given below. All events and relative parameters (date, coordinates, epicentral area, epicentral intensity 

and magnitude) are listed in table 2.1. 
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ID (#) Date (yyyy-mm-dd) Epicentral Area Lat. Long. I0 Mw 

1 1005-n.d.-n.d. Cassino 41.488 13.831 7 5.10 

2 1170-05-09 Frosinone 41.568 13.334 8 5.56 

3 1315-12-03 [ΩAquila 42.351 13.399 8 5.56 

4 1349-09-09 Abruzzi Apennines 42.270 13.118 9 6.27 

5 1349-09-09 Latium-Molise 41.554 13.942 10 6.80 

6 1384-10-22 Teramo 42.659 13.703 7 5.10 

7 1461-11-27 [ΩAquila 42.308 13.543 10 6.50 

8 1619-07-07 [ΩAquila 42.526 13.296 7-8 5.33 

9 1627-07-n.d. Laga Mountains 42.694 13.248 7-8 5.33 

10 1639-10-07 Laga Mountains 42.639 13.261 9-10 6.21 

11 1646-04-28 Laga Mountains 42.615 13.247 9 5.90 

12 1654-07-24 Sora 41.635 13.683 9-10 6.33 

13 1672-06-08 Laga Mountains 42.569 13.302 7-8 5.33 

14 1693-03-24 Latium-Molise 41.652 13.922 6-7 5.22 

15 1703-01-16 Abruzzi Apennines 42.623 13.102 8 6.00 

16 1703-02-02 [ΩAquila 42.434 13.292 10 6.67 

17 1706-11-03 Maiella 42.076 14.080 10-11 6.84 

18 1762-10-06 [ΩAquila 42.308 13.585 8 5.54 

19 1771-01-n.d. Sora 41.718 13.613 5 5.10 

20 1804-05-22 Gran Sasso 42.529 13.646 8 5.42 

21 1805-07-26 Molise 41.500 14.474 10 6.68 

22 1822-03-16 Vasto 42.117 14.708 7-8 5.33 

23 1841-06-10 Maiella 42.082 14.080 7 5.00 

24 1873-07-12 Comino valley 41.686 13.778 7-8 5.38 

25 1877-08-24 Southern Lazio 41.710 13.351 7 5.21 

26 1881-09-10 Chieti 42.237 14.335 7-8 5.41 

27 1882-02-12 Chieti 42.291 14.347 7 5.26 

28 1901-07-31 Sora 41.719 13.750 7 5.16 

29 1904-02-24 Marsica 42.097 13.316 8-9 5.68 

30 1905-08-25 Peligna valley 42.019 14.026 6 5.15 

31 1915-01-13 Marsica 42.014 13.530 11 7.08 

32 1915-01-18 Marsica 41.983 13.600 - 5.02 

33 1916-04-22 [ΩAquila 42.292 13.397 6-7 5.09 

34 1916-11-16 Rieti 42.646 13.169 8 5.50 

35 1922-12-29 Roveto valley 41.793 13.632 6-7 5.24 

36 1925-09-24 Western Molise 41.719 14.188 7 5.26 

37 1927-10-11 Roveto valley 41.841 13.466 7 5.20 

38 1933-09-26 Maiella 42.079 14.093 9 5.90 

39 1933-11-23 Maiella 42.067 14.183 7 5.06 

40 1950-09-05 Gran Sasso 42.547 13.457 8 5.69 

41 1951-08-08 Gran Sasso 42.466 13.461 7 5.25 

42 1958-06-24 [ΩAquila 42.317 13.498 7 5.04 

43 1980-06-14 Marsica 41.905 13.696 5-6 4.96 
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ID (#) Date (yyyy-mm-dd) Epicentral Area Lat. Long. I0 Mw 

44 1984-05-07 Meta Mts. 41.667 14.057 8 5.86 

45 1984-05-11 Meta Mts. 41.651 13.843 7 5.47 

46 2009-04-06 [ΩAquila 42.309 13.510 9-10 6.29 

47 2009-04-06 [Ω!ǉǳƛƭŀ 42.360 13.328 - 5.07 

48 2009-04-06 [Ω!ǉǳƛƭŀ 42.463 13.385 - 5.09 

49 2009-04-07 [Ω!ǉǳƛƭŀ 42.336 13.387 - 5.08 

50 2009-04-07 [Ω!ǉǳƛƭŀ 42.303 13.486 - 5.54 

51 2009-04-09 [Ω!ǉǳƛƭŀ 42.489 13.351 - 5.39 

52 2009-04-09 [Ω!ǉǳƛƭŀ 42.504 13.350 - 5.21 

53 2009-04-13 [Ω!ǉǳƛƭŀ 42.498 13.377 - 5.02 

54 2016-08-24 Laga Mts. 42.698 13.233 10 6.18 

55 2017-01-18 [Ω!ǉǳƛƭŀ 42.545 13.276 - 5.10 

56 2017-01-18 [Ω!ǉǳƛƭŀ 42.531 13.283 - 5.50 

57 2017-01-18 [Ω!ǉǳƛƭŀ 42.503 13.277 - 5.40 

58 2017-01-18 [Ω!ǉǳƛƭŀ 42.473 13.274 - 5.00 

Table 2.1 (previous and this page): Set of the 58 ŜŀǊǘƘǉǳŀƪŜǎ ǿƛǘƘ aǿ җ рΦл ƭƛǎǘŜŘ ƛƴ ǘƘŜ /t¢Lмр όŎƻǾŜǊŜŘ 

period: 1000-2020), located in the Abruzzi region and adjacent areas. For the explanation of the listed 

parameters refers to Rovida et al. (2022); n.d.: not determined; I0: maximum estimated intensity (MCS); 

Mw: moment magnitude 

2.2.1.1 1349 event 

The September 9th 1349 at least three main shocks (occurred a few hours apart) struck a vast area of the 

MoliseςLatiumςAbruzzi regions, constituting one of the most complex seismic sequence ever recorded 

through the central Apennines. Damage was even sustained by the distant monumental buildings of Rome 

(Galli and Naso, 2009). As an example, the Colosseum was seriously harmed, causing the collapse of its south 

ǎƛŘŜ ŀƴŘ ŀǎǎǳƳƛƴƎ ƛǘǎ άŎƘŀǊŀŎǘŜǊƛǎǘƛŎέ ƭƻƻƪ ǘƘŀǘ ǿŜ can still admire today. Two earthquakes of this sequence 

affected Abruzzi: i) the southernmost shock (Mw 6.8) occurred at the border between southern Latium and 

western Molise, razing to the ground the towns of Isernia, Venafro and Cassino, amongst others, and 

devastating the Montecassino Abbey. Based on paleoseismologic investigations (Galli and Naso, 2009), this 

event has been associated with the SW-dipping Aquae Iuliae fault, ii) the northernmost event (Mw 6.3), 

located at the border between Abruzzi and Latium (Rovida et al., 2022). 2500 fatalities were estimated for 

the whole 1349 seismic sequence. 

2.2.1.2 1461 event 

The November 27th, 1461 earthquake (Mw 6.5) is, probably, one of the strongest historical event located 

nearby [Ω!ǉǳƛƭŀ town. [Ω!ǉǳƛƭŀ suffered widespread damage, especially to its monumental buildings 

(Tertulliani et al., 2009). Many of the city's churches suffered partial collapses; 26% of L'Aquila's buildings 

totally collapsed and more than 60% suffered partial collapses or serious damage. A two-month seismic 

sequence, characterized by a great number of events, followed the mainshock; strong aftershocks noticeably 

worsened the damage, leaving more residents homeless and fearful of further collapses. At least 80 people 

are believed to have died in L'Aquila due to the mainshock and aftershocks. 
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Figure 2.3: Map of the Abruzzi region with the historical seismicity (https://emidius.mi.ingv.it/CPTI15-

DBMI15), covered period: 1000-2020. Red squares are proportional to the macroseismic intensity (see box 

at the bottom). Large earthquakes occur along the NW-SE trending normal faulting system of central 

Apennines. Seismic networks: light blue triangles INGV network, dark green triangles Abruzzi regional 

network, orange triangles IESN network, pink bordered in black triangles temporary station of seismic 

experiments occurred in the last 20 years. The historic earthquakes grouped into different Mw classes, 

located in the Abruzzi region and adjacent ones 
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2.2.1.3 1703 sequence 

The 1703 earthquake sequence is one of the most catastrophic disasters that occurred in peninsular Italy in 

historical times, affecting an epicentral area of about 20 km wide and 60-70 km long. A southwards 

progression of multiple shocks occurred in central Apennines, from January 14th to February 2nd, over a period 

ƻŦ мф ŘŀȅǎΦ ¢ƘǊŜŜ ŜŀǊǘƘǉǳŀƪŜǎ ƻŦ ƳŀƎƴƛǘǳŘŜ җ с ƻŎŎǳǊǊŜŘΣ ǿƘose epicenters were located near Norcia 

(Umbria region, 14th January), Montereale (Abruzzi region, 16th January) and L'Aquila (Abruzzi region, 2nd 

February). The magnitude of the Montereale earthquake does not appear in the CPTI15; its value (6.0, table 

2,1) is taken from the CFTI15 (Catalogue of Italian Strong Earthquakes, Guidoboni et al., 2018).  

About 10,000 people are estimated to have died due to these earthquakes, although because of the overlap 

in areas affected by the three events, casualty numbers remain highly uncertain. Due to the February 

ŜŀǊǘƘǉǳŀƪŜΣ Ƴƻǎǘ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎǎ ƛƴ [Ω!ǉǳƛƭŀ ǿŜǊŜ ōŀŘƭȅ ŘŀƳŀƎŜŘ ƻǊ destroyed; damage was reported from 

as far away as Rome. Updated estimates give a maximum MCS intensity of X (Extreme). 

Some seismologists claimed that these events could have a close relationship. It has been suggested that the 

Norcia earthquake led directly to the Montereale event, which had the effect of further loading the fault at 

[Ω!ǉǳƛƭŀΣ ǘƘǳǎ ǘǊƛƎƎŜǊƛƴƎ ǘƘŜ Ŧƛƴŀƭ ŜǾent (Galli et al., 2005). Such sequential adjacent events are examples of 

Coulomb stress transfer. The occurrence of strong multiple earthquakes in a short period (hours, days, 

weeks), likely due to the stress transfer through adjacent/parallel faults, could be a characteristic of central 

Apennines, as already postulated for the 1997 Colfiorito (Umbria Region) and 2016-2017 seismic sequences 

(Galderisi and Galli, 2020) as well as of its southern portion (Sgambato et al., 2020). 

2.2.1.4 1706 event 

The historical largest event, in terms of estimated magnitude (Mw 6.8), occurred in November 3rd 1706 in 

the Maiella Massif (southern Abruzzi). The earthquake caused widespread devastations through the Abruzzi 

region and the closest ones (Latium and Molise) and killed 2,400 people. The historic city of Sulmona suffered 

heavy damage, and more than 1,000 people died; the earthquake effectively destroyed much of the city's 

architectural heritage. 

The earthquake was associated with shallow crustal faulting within the extensional zone of the Italian 

Peninsula, near Maiella massif, even if the source mechanism of faulting is debated between normal or thrust 

faulting.  

A known normal fault commonly associated with the earthquake is the Porrara Fault, a 20-km-long, WNWς

ESE trending normal fault located at the southwestern portion of Maiella massif (Porrara Mt.). Other possible 

causative faults are the Caramanico lineament, a 30-km-long normal fault running on the western base of 

the massif and the Palena Fault (Pizzi et al., 2010). However, modelling of the earthquake using its geological 

and seismic intensity information suggest rupture on a southwest dipping thrust fault at a shallow depth of 

5ς10 km (De Nardis et al., 2008). 

Another strong earthquake (Mw 5.9) struck the same area in September 23rd 1933. This earthquake heavily 

damaged several villages and caused extensive destruction. The mainshock was providentially preceded by 

two foreshocks that alarmed the inhabitants, prompting most of them to escape from their houses (Pallone 

and Galli, 2016). Notwithstanding the large amount of collapses and destructions, this yielded a relatively 

little death toll (12 casualties, and less than two hundred injured). 

In areas adjacent to Abruzzi region, other historical earǘƘǉǳŀƪŜǎ ǿƛǘƘ aǿ җ сΦл ǘƻƻƪ ǇƭŀŎŜ ƛƴ ǘƘŜ ǘƛƳŜ ǎǇŀƴ 

1000-1900 (table 2.1 and figure 2.3): 1639 Laga Mts. (Mw 6.2); 1654 Sora (Mw 6.3); 1805 Molise (Mw 6.7). 
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2.2.2 Main instrumental earthquakes 

! ǎƘƻǊǘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘŀƭ ǎŜƛǎƳƛŎƛǘȅ ǿƛǘƘ a җ сΦл, located in the Abruzzi region in the period 

1900-2010, is given below. Main foreshocks/aftershocks of minor magnitude are also reported and refer to 

the most recent earthquakes (2009 and 2016-2017). All events and relative parameters (date, coordinates, 

epicentral area, epicentral intensity and magnitude) are listed in table 2.1. 

2.2.2.1 1915 event 

The most energetic event occurred on January 13rd 1915 and hit the Marsica area ([Ω!ǉǳƛƭŀ district). It 

represents one of the most destructive seismic events ever occurred in the Italian territory. In the epicentral 

area the shakings lasted about 20-30 seconds and had a magnitude of 7.1 (MCS intensity: XI, figure 2.4). 

Rome, 80 km farther west, suffered damage assessed as MCS intensity VII, including a fallen statue reported 

in the basilica of St. John in Lateran and cracks on the Column of Marcus Aurelius. The epicentre was located 

at Avezzano, which was destroyed. Almost 30,000 people were killed in this huge catastrophe; in the city of 

Avezzano, out of 13,000 inhabitants, 10,000 were dead and 2,000 injured. Due to its relatively recent 

occurrence, the coseismic effects are well known in terms of intensity distribution and descriptions and a 

map of surface ruptures are included in the fundamental work of Oddone (1915) (for a detailed description 

of geological, structural and paleosismological data on this earthquake, see Galadini and Galli, 1999). 

More than 230 localities suffered destructions and damage estimated greater or equal MCS intensity VIII. 

The epicentral area, where the destruction was the heaviest, resulted NWςSE elongated, including the Fucino 

basin, an area of active rifting, and all the localities settled there. The main shock triggered an seismic 

sequence that lasted for several years (Cucci and Tertulliani, 2015). 

 

 

 

Figure 2.4: Information reported in the CPTI15-5.aLмр ōȅ ŀŎŎŜǎǎƛƴƎ ǘƘŜ άǉǳŜǊȅ ōȅ ŜŀǊǘƘǉǳŀƪŜέΥ мфмр 

aŀǊǎƛŎŀ ŜŀǊǘƘǉǳŀƪŜΦ ¦ǇǇŜǊ ƭŜŦǘΥ ƭƛǎǘ ƻŦ ǘƘŜ пуфп ŜŀǊǘƘǉǳŀƪŜǎ ǿƛǘƘ aǿ җ пΦл όŎƻǾŜǊŜŘ ǇŜǊƛƻŘΥ мллл-2020) 

and related parameters; lower left: zoom on the selected event with hypocentral parameters and the 

related source(s). Right picture: distribution of the MCS intensities 
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2.2.2.2 2009 event 

On April 6th 2009 (01:32 UTC), a Mw 6.3 earthquake struck central Italy, causing about 300 deaths and leaving 

sixty thousand homeless. 

The earthquake caused considerable damage to structures over an area of approximately 600 km2, 

ŘŜǾŀǎǘŀǘƛƴƎ ǘƘŜ [Ω!ǉǳƛƭŀ ǘƻǿƴ ŀƴŘ ǎŜǾŜǊŀƭ ǾƛƭƭŀƎŜǎ ƛƴ ǘƘŜ ƳƛŘ-Aterno R. Valley, as reported in figure 2.5. 

 

 

 

Figure 2.5: Information reported in the CPTI15-DBMI15 by aŎŎŜǎǎƛƴƎ ǘƘŜ άǉǳŜǊȅ ōȅ ŜŀǊǘƘǉǳŀƪŜέΥ нллф 

[Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜΦ Lƴ ǘƘŜ ǊƛƎƘǘ ǇƛŎǘǳǊŜΣ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ a/{ ƛƴǘŜƴǎƛǘƛŜǎ ƛǎ ǎƘƻǿŜŘ 

 

 

The main event had a pure normal faulting mechanism; its location was set at 9.5 km depth and at distance 

of about 2 km ŦǊƻƳ [Ω!ǉǳƛƭŀ ǘƻǿƴΦ 

The April 6th, 2009 main shock was preceded by a long sequence of foreshocks, which started in October 

2008, culminating with a ML 4.1 shock on March 30 (14:48 UTC). 

In the week before the April 6th event, a cluster of small magnitude earthquakes occurred close to the main 

shock location. A few hours before the main event, a Mw 3.9 (April 5 at 20:48 UTC) and a Mw 3.5 (April 5 at 

22:39 UTC) foreshocks occurred. 

The most energetic (Mw 5.4) aftershock of the sequence struck on April 7 at 17:47 UTC; its focal mechanism 

displayed a not negligible strike slip component. This event occurred a few kilometres to the south of the 

main event, at a depth of 17 km and was followed by a few aftershocks. The main shock rupture activated a 

NW ςSE trending, 15 ς18 km long fault. In the first three days after the main event, seismicity migrated from 

the main structure northward: six large events took place on April 6th (Mw 5.1 at 02:37 UTC and Mw 5.1 at 

23:15 UTC), April 7h (Mw 5.1 at 09:26 UTC and Mw 5.5 at 17:47 UTC) and April 9th (Mw 5.4 at 00:52 UTC and 

Mw 5.2 at 19:38 UTC), located in the Pizzoli-Capitignano-Campotosto area. 

On April 13th, another event (Mw 5.0 at 21:14 UTC) occurred in the same area; focal mechanisms of these 

events showed a pure normal solution. During the following months, seismicity spread along a 40 km long 
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fault system, showing an Omori-like temporal decay. Aftershock data with more than 46,000 events 

(Chiaraluce et al. 2011; Valoroso et al. 2013) were relocated to provide an extraordinary resolution of the 

geometry of the faulting. 

 

2.2.2.3 2016-2017 sequence 

In 2016ς2017, central Italy experienced one of the most important seismic sequences that ever took place 

in the country. 

A series of moderate-to-large earthquakes activated a 80-km-long Apenninic-trending normal-fault system. 

More than 100,000 events have been recorded by the seismic network of the INGV (ISIDe working group, 

2016). The first strong event occurred on August 24th (01:36UTC, Mw = 6.2) and ruptured two distinct 

segments of this fault system, corresponding to the northern part of the Ḑ50  SW dipping Gorzano Mt. fault 

and to the southern part of the Ḑ40  SW dipping Vettore Mt. fault, respectively (Chiaraluce et al., 2017). This 

event, whose epicenter was located only 1 km from the Accumoli village and just 9 km from the Amatrice 

town, caused 299 fatalities and more than 20,000 homeless, partially destroying these towns and their 

hamlets. 

Extensive damages were reported in a wide area relative to four regions (Latium, Abruzzi, Umbria and 

Marche, figure 2.6). It was the largest earthquake, together with the 1703 sequence, to strike this portion of 

central Apennines since the October 7th 1639 (estimated macroseismic magnitude = 6.2, table 2.1), 

earthquake (CPTI15, Rovida et al., 2022), considered a twin of the August 24th one (Galli et al., 2016). 

No significant foreshocks were recorded. The seismicity rate did not show significant variations during the 4 

years before the mainshock, and seismicity appeared rather uniformly distributed in both time and space, 

within an area centered at the August 24th epicenter (Marzorati et al., 2016). 

In contrast, other Authors pointed out a seismic quiescence, started since the beginning of September 2015, 

in the area where the mainshock occurred (Gentili et al., 2017). 

Even more interesting, Vuan et al. (2017) applied a waveform matching technique focusing on the 8-month 

period before the August 24th 2016 central Italy mainshock, greatly improving the catalogue. Before an 

apparent quiescence in the main fault region, they observed episodes of earthquake migration toward the 

mainshock nucleation zone. 

Almost 1 hr after the mainshock, an aftershock of Mw = 5.3 occurred, located close to the Norcia town 

(Umbria region), 12 km NW to the mainshock. The following seismic sequence was characterized by several 

aftershocks located SE and NW to the epicenter (Chiaraluce et al., 2017). They decreased in frequency and 

magnitude until the October 26th, when two earthquakes, Mw = 5.4 (at 17:10 UTC) and Mw = 5.9 (at 19:18 

UTC), occurred. They enucleated at the northernmost extent of the sequence and were located between 

Visso and Ussita (Marche region), about 25 km NW of the August 24th mainshock. The Mw = 5.9 event 

occurred on a Ḑ40  SW dipping, 15-km-long fault, belonging to the Vettore Mt. tectonic system. 
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Figure 2.6: Information reported in the CPTI15-5.aLмр ōȅ ŀŎŎŜǎǎƛƴƎ ǘƘŜ άǉǳŜǊȅ ōȅ ŜŀǊǘƘǉǳŀƪŜέΥ нлмс [ŀƎŀ 

Mountains earthquake. In the right picture, the distribution of the MCS intensities is showed 

 

On October 30th (06:40 UTC), a third large event of magnitude Mw = 6.5 enucleated beneath the town of 

Norcia, rupturing the Ḑ20-km-long segment that had remained unbroken after the previous large events. 

The fault geometry was consistent with a 47 SW dipping main normal fault belonging to the Vettore Mt.- 

Bove Mt. fault system (Scognamiglio et al., 2018). This event was the largest recorded in Italy since November 

23th 1980 Irpinia Ms = 6.9 earthquake (Rovida et al., 2022). 

Finally, on January 18th 2017, a series of four ƳŀƧƻǊ ŜŀǊǘƘǉǳŀƪŜǎΣ ŀƭƭ ǿƛǘƘ ƳŀƎƴƛǘǳŘŜ җ рΣ όлфΥнр ¦¢/Σ aǿ Ґ 

5.1), (10:14 UTC, Mw = 5.5), (10:25 UTC, Mw = 5.4), and (13:33 UTC, Mw = 5.0) took place in the Campotosto-

Pizzoli area, extending to the SE the seismogenic volume. These earthquakes were followed by multiple 

aftershocks. The fault mechanism of the four shocks pointed out a pure normal faulting, with a NE-SW 

extension, in agreement with the predominant tectonic regime characterizing the central Apennines. Only in 

the event of Mw = 5.0, a remarkable strike-slip component was present. 

2.3 Instrumental Seismicity (2000-2022) 

¢ƘŜ ƛƴǎǘǊǳƳŜƴǘŀƭ ǎŜƛǎƳƛŎƛǘȅ ǿƛǘƘ a җ нΦлΣ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ !ōǊǳȊȊi region in the period 2000-2022, is shown in 

this paragraph. 

The figure 2.7 shows the current seismic monitoring situation in the area selected from the Artemis project. 

In detail we have several networks: the light blue triangles are the locations of seismic stations of the INGV 

national network (http://cnt.rm.ingv.it/), the dark green triangles represent Abruzzi regional network, the 

orange triangles IESN (https://www.iesn.it/) network and pink bordered in black triangles temporary station 

of seismic experiments occurred in the last 20 years. In this area we propose specific seismic areas for our 

hydrological studies (pink: [Ω!ǉǳƛƭŀ area; green: Sulmona area; yellow. Cassino-Venafro area). To these areas 

the Fucino plain can be added. 

During the period 2000-2022, [Ω!ǉǳƛƭŀ area ǿŀǎ Ƙƛǘ ōȅ ǘǿƻ ƛƳǇƻǊǘŀƴǘ ǎŜƛǎƳƛŎ ǎŜǉǳŜƴŎŜǎ ό[Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜ 

in the 2009 and Amatrice earthquake in the 2016); the figures 2.8, 2.9 and 2.10 shows the instrumental 

ǎŜƛǎƳƛŎƛǘȅ ƻŦ ǘƘŜ DǊŀƴ {ŀǎǎƻ ŀǊŜŀ όaƭ җ нΦлύ ƻŎŎǳǊǊŜŘ ŦǊƻƳ WŀƴǳŀǊȅ нллл ǘƻ aŀǊŎƘ нллф όǊŜŘ ŘƻǘǎύΣ ŦǊƻƳ !ǇǊƛƭ 

нллф ǘƻ 5ŜŎŜƳōŜǊ нллфΣ [Ω!ǉǳƛƭŀ ǎŜƛǎƳƛŎ ǎŜǉǳŜƴŎŜ όƎǊŜŜƴ Řƻǘǎύ ŀƴŘ ŦǊƻƳ нлм0 to 2022 (yellow dots) where 

the seismicity of the Amatrice-Norcia sequence is included. 
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Figure 2.7: Map of Abruzzi region. Seismic networks: light blue triangles national INGV 

network(http://cnt.rm.ingv.it/), dark green triangles Abruzzi regional network, orange triangles IESN 

(https://www.iesn.it/) network, pink bordered in black triangles temporary station of seismic experiments 

occurred in the last 20 years. Pink square: [Ω!ǉǳƛƭŀ area aquifer; green square: Sulmona area; yellow 

square: Cassino-Venafro area 
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Figure 2.8: Map of [Ω!ǉǳƛƭŀ area with the instrumental seismicity (red dots) occurred from January 2000 to 

aŀǊŎƘ нллф όa[ җ нΦлύΦ ¢ƘŜ ŘŜǇǘƘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊǘƘǉǳŀƪŜǎ ƛƴ ǘƘŜ !ǇŜƴƴƛƴŜ ŀƴŘ ŀƴǘƛ-Apennine 

directions is shown in the two lower boxes (scales are in km) 
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Figure 2.9: Map of [Ω!ǉǳƛƭŀ area with the instrumental seismicity (green dots) occurred from April 2009 to 

5ŜŎŜƳōŜǊ нллф ό[Ω!ǉǳƛƭŀ ǎŜƛǎƳƛŎ ǎŜǉǳŜƴŎŜΣ a[ җ нΦлύΦ ¢ƘŜ ŘŜǇǘƘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊǘƘǉǳŀƪŜǎ ƛƴ ǘƘŜ 

Apennine and anti-Apennine directions is shown in the two lower boxes (scales are in km) 
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Figure 2.10: Map of [Ω!ǉǳƛƭŀ area with the instrumental seismicity (yellow dots) occurred from 2010 to 

нлнн όa[ җ нΦлύΦ ¢ƘŜ ǎŜƛǎƳƛŎƛǘȅ ƻŦ ǘƘŜ !ƳŀǘǊƛŎŜ-Norcia sequence is included. The depth distribution of the 

earthquakes in the NW-SE and NE-SW directions is shown in the two lower boxes (scales are in km) 

 

¢ƘŜ ŦƛƎǳǊŜǎ нΦмм ŀƴŘ нΦмн ǎƘƻǿ ǘƘŜ ǎŜƛǎƳƛŎƛǘȅ ŦǊƻƳ нллл ǘƻ нлнн όǿƛǘƘ a[ җ нΦлύ ƻŦ ǘƘŜ ƻǘƘŜǊ ǘǿƻ ŀǊŜŀs in 

the Abruzzi region (central Italy): Sulmona and Cassino-Venafro respectively. 
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Figure 2.11: Map of Sulmona area with instrumental seismicity (red dots) occurred from 2000 to 2022 (ML 

җ нΦлύΦ The depth distribution of the earthquakes in the NW-SE and NE-SW directions is shown in the two 

lower boxes (scales are in km) 
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Figure 2.12: Map of Cassino-Venafro area with instrumental seismicity (red dots) occurred from 2000 to 

нлнн όa[ җ нΦлύΦ ¢ƘŜ ŘŜǇǘƘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊǘƘǉǳŀƪŜǎ ƛƴ ǘƘŜ NW-SE and NE-SW directions is shown in 

the two lower boxes (scales are in km) 

 

Finally in figure 2.13, we show the focal mechanism of the main events occurred in the Abruzzi region. The 

¢ƛƳŜ 5ƻƳŀƛƴ aƻƳŜƴǘ ¢ŜƴǎƻǊǎ ό¢5a¢ύ ŀǊŜ ǊƻǳǘƛƴŜƭȅ ŎƻƳǇǳǘŜŘ ŦƻǊ ŜǾŜƴǘǎ ǿƛǘƘ a[ җ оΦр ƻŎŎǳǊǊƛƴƎ ƛƴ Lǘŀƭȅ 

and in the neighbouring countries (see: http://terremoti.ingv.it/tdmt; Scognamiglio et al., 2006). The 

solutions are automatically obtained through the technique developed at U.C. Berkeley (see 

http://seismo.berkeley.edu/~dreger/mtindex.html) within 6-9 minutes after the location of an earthquake. 
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Figure 2.13: Map of Abruzzi region. Seismic networks: light blue triangles national INGV 

network(http://cnt.rm.ingv.it/), dark green triangles Abruzzi regional network, orange triangles IESN 

(https://www.iesn.it/) network, pink bordered in black triangles temporary station of seismic experiments 

occurred in the last 20 years. Pink square: LΩ!ǉǳƛƭŀ area, green square: Sulmona area, yellow square: 

Cassino-Venafro areaΦ wŜŘ Řƻǘǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘŀƭ ǎŜƛǎƳƛŎƛǘȅ ƻŎŎǳǊǊŜŘ ŦǊƻƳ нллл ǘƻ нлнн όa[ җ 

2.0) with the focal mechanisms of main events in the area 
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3 Seismicity of the Ionian Islands & Corinth Gulf 

3.1 Seismicity of the central Ionian Islands 

3.1.1 Introduction 

The area of Central Ionian Islands consists one of the most active zones in the Aegean and the surrounding 

areas, characterized by high seismic moment rate (ͯ1025 dyn cm year-1; Papazachos et al., 1997a) and 

frequent occurrence of strong (ὓ φȢπ) main shocks and being considered the most hazardous area in the 

Greek territory. The area encompasses the Kefalonia Transform Fault Zone (KTFZ), an active boundary 

connecting the continental collision to the north with the oceanic subduction to the south. The dextral strikeς

slip character of the KTFZ was first evidenced by Scordilis et al. (1985) and then supported further by Kiratzi 

and Langston (1991) and Papadimitriou (1993). It consists of two main fault segments characterized by high 

slip rates (of the order of tens millimeters per year), namely the Kefalonia and Lefkada segments (Papazachos 

et al., 1998; Louvari et al., 1999), that differ slightly in their strike and the magnitude of the maximum 

observed earthquake, which equals to 7.4 for Kefalonia and 6.7 for Lefkada segment (Fig. 3.1). Magnitudes 

in the early historical catalog exhibit an upper limit of 6.7, which has been repeatedly reached in the 17th and 

18th century, although never afterwards. We may then speculate about an overestimation in magnitude at 

that time and that the maximum observed, Mobs, and expected, Mmax, magnitude equals to 6.5. 

The high seismicity rates and frequent occurrence of strong (ὓ φȢπ) mainshocks in both historical 

information and instrumental era, is based on historical information that exists for strong ὓ φȢπ 

earthquake occurrence since the 15th century from Papazachos and Papazachou (2003) who systematically 

examined preς1900 archives for earthquakes references. The frequent strong earthquakes along the dextral 

strike slip KTFZ are clustered in space and time separated by periods of low seismicity evidencing possible 

triggering through stress transfer between the fault segments (Papadimitriou, 2002). The spatial distribution 

of the most disastrous events occurred in Kefalonia and Lefkada Islands along with smaller magnitude 

instrumental seismicity is aligned along a narrow area slightly offshore and onshore close to the shoreline of 

both Islands, forming a spatial pattern like the one shown in Figure 3.1 (right). The strong magnitude 

seismicity is almost totally lacking at the eastern coasts and the offshore area to the east of both Islands. 

However, seismic activity related with faults of different orientation is also present. The macroseismic 

descriptions for the most damaging historical earthquakes are in accordance and emphasize the locus of 

strong shakings. The seismogenic layer is shallow and reach to a depth that does not exceed 20 km, as verified 

by the highly accurate relocated recent seismicity. 

3.1.2 Strong historical earthquake occurrence 

It is noteworthy that historical information on the central Ionian Islands earthquakes starts in the 15th 

century, and beforehand alike in the rest Greek territory, although it exhibits the highest seismic activity. In 

particular, the first reported event occurred in 1444, when felt reports started to become available. The 

quantity and quality of these reports depend upon the development of the local cities and the severity of the 

damage. Reports describing earthquake destructions of Lefkada city are more numerous than for cities in 

https://doi.org/10.1002/2017GL076223
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Kefalonia. Probably because of the proximity of the causative earthquake to the city, although earthquakes 

along the Kefalonia fault segments are larger in general, some of them are associated with offshore fault 

segments. This latter could be the reason that the number of earthquakes in early historical archives is 

smaller for Kefalonia than for Lefkada. Some of the earthquakes were probably not large enough and in 

adequately close distance from important cities for being reported.  

 
 

Figure 3.1: (left) Main active boundaries in central Ionian Islands. The dextral strike slip Kefalonia and 

Lefkada fault segments are traced (constituting the Kefalonia Transform Fault System), the collision front to 

the north and the subduction front to the south. The most reliable available fault plane solutions of the 

strong earthquakes that occurred in the area in the last four decades are shown as lower hemisphere equal 

area projections (after Karakostas and Papadimitriou, 2010). (right) Morphology, major faults, and 

seismicity since 1970 in Lefkada and Kefalonia Islands. Stars depict the M>6.0 earthquakes, bigger circles 

the 5.9<M<5.0 and smaller circles the 4.9<M<4.5 ones (after Karakostas et al., 2019) 

The epicenters are for this latter reason closer to the locations of the important cities where the strongest 

effects were reported and wellςcharacterized intensity distributions were obtained (Fig. 3.2 (left)). Since the 

number of cities is quite limited, historical events are concentrated close to the city of Lefkada for Lefkada 

Island, and the cities of Lixouri and Argostoli for Kefalonia Island. Although it might cause bias, epicentral 

distribution is rather well correlated with the inferred trace of the KTFZ and in quite good agreement with 

the positions of instrumentally located events. Magnitudes and locations are estimated from macroseismic 

observations (Papazachos and Papazachou, 2003). Epicenters are generally given to the nearest 0.5o and 

magnitudes were later revised and are expressed as equivalent moment magnitudes (Papazachos et al., 

1997b). 

Figure 3.2 (right) shows the sequence of the earthquakes that repeatedly caused damage and have estimated 

magnitudes M>6.0. From an initial observation, we may notice that Lefkada earthquakes (shown in red) are 

more abundant before the middle of the 19th century, while this changes dramatically afterwards. This is 

unlikely to be attributed to the seismicity properties but that fewer felt events were reported for Kefalonia 

(shown in blue) before that time. Only five instrumental (since the beginning of the 20th century) events with 
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6.2<M<6.5 occurred in Lefkada, compared to 14 events with 6.0<M<7.2 occurring in Kefalonia. From the 

profound clustering of Kefalonia events, which is perceptibly more intense than the Lefkada ones, a question 

arises about significant triggering on adjacent fault segments, which are progressively failed, as this could be 

seen from the spatial distribution in Figure 3.2 (left). Clustering prevails in the occurrence mode of these 

strong events, which can be adequately explained with the stress transfer and triggering (Papadimitriou, 

2002). The strong historical earthquakes that are ascribed to Lefkada, have struck either the northern or the 

southern part of the western coastline of the Island, and in some cases, they form multiple events. The 

damage extend suggest that all are related with dextral strike slip faulting onto the Lefkada branch of the 

KFTZ. 

 

 

 

 

 

 

Figure 3.2: (left) Locations of historical earthquakes with M>6.0 that occurred in Lefkada and Kefalonia 

Islands since the 15th century. The inferred traces of the Lefkada and Kefalonia segments of the Kefalonia 

Transform Fault Zone (KTFZ) are shown with continuous lines. Antiparallel arrows represent the dextral 

strike slip motion. Different symbols and colors have been used to discriminate the seismicity on different 

centuries (after Papadimitriou et al., 2017). (right) Earthquake magnitude as a function of time in central 

Ionian Islands since the 15th century (lines and stars, red for Lefkada and blue for Kefalonia fault branch, 

respectively) (after Papadimitriou et al., 2017) 

3.1.3 Recent activity and seismic sequences 

3.1.3.1 2003 Lefkada seismic sequence 

On August 14, 2003 Lefkada Island was strongly affected by an Mw=6.2 earthquake. A dense temporary 

seismic network was installed one day after and the accurately located hundreds of aftershocks define in 

detail the main rupture, as well as the activity distribution on the neighboring fault segments. The main 

rupture occupies the northwestern part of the coastline and trends NNEςSSW, in agreement with the 

regional tectonics. Regional network locations were appropriately calibrated using the local network data, 

allowing the relocation of the main shock and strong (M~4.5 or larger) aftershocks during the first day. 

Intense aftershock activity took place up to 40 km beyond the southern end of the main rupture (Fig. 3.3, left 

part). Theoretical static stress changes from the main shock give a preliminary explanation for the aftershocks 
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distribution aside from the main rupture, as well as triggering of seismicity in the nearby Kefalonia fault (Fig. 

3.3, right part), providing evidence for future seismic hazard ensuing from this fault (Karakostas et al., 2004). 

 
 

Figure 3.3: (left) Epicentral map of the Lefkada aftershock sequence. Squares indicate the stations of the 

temporary network, while the polygon denotes the permanent station position. (right) Static Coulomb 

stress changes (in bars), due to the Lefkada main shock, at a depth of 8 km with ˃ =̆0.6 for a typical fault 

plane solution along the northern Kefalonia fault (strike=28o, dip=82o and rake=172o). Aftershock seismicity 

(August 14ς21, 2003), main shock epicenter (red star), epicenter of the 16 November 2003, event of M=5.1 

(black star) and the corresponding fault plane solutions are also shown (after Karakostas et al., 2004) 

3.1.3.2 The 2014 Kefalonia doublet 

Regarding earthquakes associated with the Kefalonia branch, the last excitation concerns the 2014 Kefalonia 

doublet (Mw6.1 and Mw6.0) with the two main events being separated temporally by seven days. The 2014 

seismic sequence may be considered as the spatial continuation of the 1983 sequence that occupied the 

southern portion of the Kefalonia branch, with partial overlap, and is located inside stress enhanced areas 

revealed by the application of the stress evolutionary model (Papadimitriou, 2002). Both main shocks 

accommodate north-south dextral strike slip motion. 

The seismic sequence started on 26 January with the first main shock (Mw 6.1) and aftershock activity 

extending over 35 km (Fig. 3.4a), much longer than expected from the causative fault segment. The second 

main shock (Mw 6.0) occurred on 3 February on an adjacent fault segment, where the aftershock distribution 

was remarkably sparse, evidently encouraged by stress transfer of the first main shock (Fig. 3.4b). The 

aftershocks from the regional catalog were relocated using a 7ςlayer velocity model and station residuals, 

and their distribution evidenced two adjacent fault segments striking almost NςS and dipping to the east, in 

full agreement with the centroid moment tensor solutions, constituting segments of the Kefalonia Transform 

Fault (KTF).  

The KTF is bounded to the north by oblique parallel smaller fault segments, linking KTF with its northward 

continuation, the Lefkada Fault. Strikeςslip faults are commonly segmented at all scales, typically in the form 

of en échelon, nonςcoplanar faults separated by offsets (or step overs). In our case, the stepςover zone 

accommodates continued strike slip displacement between the Kefalonia fault to the south, and the Lefkada 
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fault to the north (Fig. 3.5). This zone comprises smaller parallel fault segments, WSWςENE striking, almost 

perpendicular to the Tςaxis orientation at this site, thus controlling the extensional deformation. This set of 

the closelyςspaced parallel seismic lineaments are considered to define strikeςslip duplexes and form a 

typical transfer zone, between the major Kefalonia and Lefkada fault segments, with stepped strikeςslip 

faults and bending in the orientation of the Kefalonia and Lefkada faults (Karakostas et al., 2015).  

 

 

 

Figure 3.4: (a) Aftershock activity for one day after the occurrence of the 26 January 2014 main shock and 

(b) one day after the 3 February 2014 main shock. The stars depict the two main shocks epicenters, the 

green circle an M>5.0 aftershocks and the dark red circles are sized according to the magnitude of the 

M<5.0 aftershocks. The ellipses indicate a comparatively low activity area and the inferred rupture 

dimensions (after Karakostas et al., 2015) 

 

3.1.3.3 The 2015 Lefkada sequence 

The 2015 Mw6.5 Lefkada main shock occurred at the southern western part of Lefkada Island, in less than 

two years after the occurrence of the 2014 Kefalonia doublet along the Paliki peninsula (on 25/01/2014, with 

Mw6.1 and 03/02/2014 with Mw6.0) and twelve years after the 2003 Mw6.2 main shock that struck the 

northwestern part of Lefkada Island. These M6 main shocks are associated with four dextral strike slip fault 

segments, positioned along strike, and belonging to the Kefalonia Transform Fault Zone (KTFZ). The tight 

clustering of strong events indicates significant triggering on adjacent fault segments (Papadimitriou et al., 

2017) explained through stress transfer by Papadimitriou (2002). 
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Figure 3.5: Aftershock activity (circles) along with inferred fault traces and strong earthquakes fault plane 

solutions shown as equal area lower hemisphere projections. The compressions quadrants of the stronger 

earthquakes of the sequence are shown in red. The off fault aftershock activity forms a transfer zone of 

extensional step overs that connect the Kefalonia Transform Fault to the south with the Lefkada Transform 

Fault to the north (after Karakostas et al., 2015) 

 

The doubleςdifference location technique was engaged for relocating the aftershocks that define the 

seismogenic layer at depths from 3 to 16 km, and multiple activation on wellςdefined fault planes, with 

different strikes than the main rupture and dips either to east or to west, indicating that strain energy was 

not solely release on a main fault only, but on secondary and adjacent fault segments (Papadimitriou et al., 

2017). The reliable definition of their geometry forms the basis for the structural interpretation of the local 

fault network. The aftershock distribution indicates three main clusters of the seismic activity, along with 

activation of smaller faults to an extent of more than 50 km (Fig. 3.6). A northeasterly striking cluster is 

observed to the north of the main shock epicenter, with a considerable density in aftershock epicentral 

distribution. The central cluster is less dense than the previous one with an epicentral alignment in full 

accordance with the strike provided by the main shock centroid moment tensor solution, and is considered 

as the main rupture with a length of 17 km. The third cluster encompassing many earthquakes is located in 

the offshore area between Lefkada and Kefalonia Islands and exhibits an NEςSW epicentral alignment, like 

the first cluster. The northeastςsouthwest striking secondary faults positioned obliquely and in continuation 

of the main fault segments, reveal that the KTFZ is being deformed in a complex tectonic setting. The 

presence of faults with this geometry implies strain partitioning and sheds light to new components 

necessary to be considered in the seismic hazard assessment. Stress transfer models of the M>6.0 main 

shocks were conducted, and the calculated static stress changes may well explain their sequential 

occurrence. Static stress changes due to the 2015 coseismic slip were also calculated with the main objective 

to explore the aftershock occurrence pattern and it was found as the driving mechanism that have triggered 

the vast majority of the off fault aftershocks (Papadimitriou et al., 2017).  
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Figure 3.6: (a) Map view of the relocated seismicity. The thick solid line shows the main rupture extent with 

the antiparallel arrows emphasizing the dextral slip motion. The line PP ̆shows the position of the strike 

parallel vertical cross section, whereas the NN,̆ N1N1 ,̆ N2N2 ,̆ N3N3 ,̆ of the normal ones. The main shock 

epicenter is depicted by a star, (b) Strike parallel cross section along the line PP.̆ The main rupture area is 

enclosed inside the rectangle (after Papadimitriou et al., 2017) 

3.1.3.4 Recent moderate activity revealing kinematic and geodynamic properties 

A moderate magnitude Mw5.4 earthquake occurred on the 5th of February 2019 in the offshore area north of 

Lefkada Island, strongly felt in the Lefkada city and the onshore continental area to the east, with no major 

damage or injuries reported. In the area an adequate number of moderate earthquakes have occurred in the 

last decades with no one having magnitude larger than M6.0. The seismic excitation started with an Mw4.2 

shock that occurred on January 15th, 2019, to the northeast of the main shock which was followed by a very 

productive aftershock sequence with more than 250 located shocks by 15 March 2019 (Kostoglou et al., 

2020).  

The activated area is located at the boundary between the Kefalonia Transform Fault Zone (KTFZ) to the 

south and the AdriaticςEurasian Collision to the north. The continental collision is expressed by a belt of 

thrust faulting with NEςSW direction of the axis of maximum compression. It runs along the eastern coastline 

of Adriatic Sea and terminates just north of Lefkada Island. The relocated seismicity initially defines an 

activated structure extending from the northern segment of the Lefkada branch of KTFZ with the same NNEς

SSW orientation and dextral strike slip faulting and then keeping the same sense of motion its strike becomes 

NEςSW and its dip direction NW. This provides unprecedented information on the link between the KTFZ and 

the Collision front and sheds more light on the regional geodynamics. The earthquake catalog, which is 

especially compiled for this study, starts one year before the occurrence of the Mw5.4 mainshock, and 

adequately provides the proper data source for investigating the temporal variation of the bςvalue, which 

might be used for discriminating foreshock and aftershock behavior. 

The thick gray lines in Figure 3.7 denote the major active boundaries, namely the KTFZ where the dextral 

strike slip motion is shown by the antiparallel yellow arrows and the collision front by the sawtooth line. The 
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prolongation of the KTFZ in the study area, as identified and documented in the present study, is colored in 

red. The inset map shows the axes of maximum stress, Pςaxes, as they have been taken from the fault plane 

solutions shown in the main part of the figure. The thick brown curved arrows follow the Pςaxis rotation in 

agreement with the strike slip motion along the KTFZ and the counterclockwise rotation of Adria microplate. 

The local fault system sheds more light to the transition from the dextral strike slip motion along the KTFZ to 

the thrust faulting along the collision front. The thrust component present in the fault plane solutions 

determined for the stronger earthquakes of the 2019 swarm, put in evidence the influence of the 

compressive stress field to the strike slip faults that are either striking along the KTFZ (the southern ones) or 

άƪƛƴƪƛƴƎέ όǘƘŜ ƴƻǊǘƘŜǊƴ ƻƴŜύ ŦƻǊ ŎƻƳǇŜnsating the kinematic direction prevalent at this location. The slight 

but gradually changing rotation in the azimuth of the maximum stress axes, from south (green arrows in 

Figure 3.7) to the northernmost edge of the 2019 activated structures (red arrows) support the hypothesis 

of a transpression movement in a transition zone between the transform and collision zones. 

 

Figure 3.7: Fault plane solutions of 16 earthquakes projected as equal area lower hemisphere projections, 

where compression quadrants are in green for earthquakes of M>5.0, that occurred before the earthquake 

sequence in study and in red for earthquakes that were determined and belong to the swarm investigated 

in this study. Thick grey lines denote the active boundaries of the KTFZ and the Apulian collision front. Red 

lines depict the identified fault segment offshore Lefkada Thin black line represents the Ionian thrust. 

Yellow arrows indicate relative plate motion. The Inset shows the P ς axis inferred from the focal 

mechanisms. Black arrows illustrate the characteristic direction of P ς axis, NE ςSW for the earthquakes 

along the KTFZ and WςE for those to the northern part (after Kostoglou et al., 2020) 

3.1.3.5 Summary for the seismic activity in central Ionian Islands 

The 2003 Lefkada sequence was the motive for the installation of a local network that gave the opportunity 

to thoroughly investigate the properties of the main rupture (Karakostas et al., 2004) but also to identify 

secondary segments that were activated and are capable of producing moderate to large earthquakes and 

cause severe damage (Karakostas and Papadimitriou 2010). Offshore seismicity was poorly constrained 

before 2003 because of the sparsity of the seismological network, with all but one (in south Kefalonia Island) 

stations being located onshore in the Greek mainland and far from the KTFZ.  
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The installation of a comparatively dense temporary seismological network in 2003, one day after the main 

shock occurrence, enabled the recording of hundreds of aftershocks and their relocation with greatly 

improved accuracy (Karakostas et al., 2004). The closely installed seismological stations provided valuable 

data at the time of the second seismic excitation in 2014, with two main shocks of M=6.1 and M=6.2 that 

occurred on the 26th of January and 3rd of February, respectively. Most importantly, it happened that in the 

2015 Lefkada seismic excitation, very close to the main rupture (much less than 5 km) closely spaced stations 

surrounded the activated area and provided data, where from P and S arrivals were again manually picked 

and using the doubleςdifference (DD) hypoDD (Waldhauser and Ellsworth, 2000; Waldhauser, 2001) the 

location accuracy was again improved. It is now more onshore shifted (green circles in Fig. 3.8) than the 2003 

seismicity, concentrated along the Palliki peninsula in the western part of Kefalonia Island, along with the 

offςfault aftershocks. In all three seismic excitations multiςfault activation was verified, probably triggered 

by the Coulomb stress changes caused by the main shock slip (Karakostas et al., 2004, 2015; Papadimitriou 

et al., 2017). The relocated seismicity is mainly concentrated along the fault segments comprised in the KTFZ. 

Even the background seismicity is considerably lower elsewhere, as one goes far from the KTFZ. 

 

Figure 3.8: Locations of aftershock epicenters in the three more recent seismic sequences (2003 white 

colored, 2014 colored in yellow and 2015 in green). Stars depict the mainshock epicenters. The shift from 

offshore to onshore location as a function of time and consequently location improvement, is evidenced 

(from Karakostas et al., 2019) 

3.2 Seismicity of the Corinth Gulf 

3.2.1 Introduction 

¢ƘŜ /ƻǊƛƴǘƘ DǳƭŦΩǎ ǎŜƛǎƳƻǘŜŎǘƻƴƛŎǎ ŀƴŘ ǎŜƛǎƳƛŎƛǘȅ ƘŀǾŜ ōŜŜƴ ǿƛŘŜƭȅ ǎǘǳŘƛŜŘ ǎƛƴŎŜ ǘƘŜ ŀǊŜŀ Ŏƻƴǎƛǎǘǎ ƻƴŜ ƻŦ 

the most rapidly deforming rifts worldwide (Briole et al., 2000; Chousianitis et al., 2015). Having the shape of 

an asymmetric half-graben trending WNWςESE with the southern footwall being uplifted (Armijo et al., 
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1996). The major fault segments associated with frequent strong (ὓ φȢπ) earthquakes are principally the 

north dipping faults that margin the Gulf to the south (Fig. 3.9). The lack of continuity of the faults seems 

responsible for the fact that the maximum magnitude recorded or ever reported hardly exceeds 6.8 (Jackson 

and White, 1989). Intense microseismic activity, clustered both in time and space, is apparent in the region, 

mainly located in the western part of the Gulf (Pacchiani and Lyon-Caen, 2010; Mesimeri et al., 2016, 2018). 

The high level of seismicity is testified both by historical and instrumental records (Papazachos and 

Papazachou, 2003). One of the most intense sequences occurred in 1981, in the eastern part of the Corinth 

Gulf in Alkyonides Bay and has motivated numerous studies (e.g. Jackson et al. 1982; King et al., 1985; Hubert 

et al., 1986; Hatzfeld et al., 2000). The western part has also experienced destructive earthquakes near 

Galaxidi in 1992 (Hatzfeld et al., 1996) and Aigion in 1995 (Bernard et al., 1997). The last strong earthquake 

(ὓ=6.4) occurred in the northwestern Peloponnese on 8 June 2008 and provided the opportunity of studying 

an area not known for accommodating strong earthquakes before (Karakostas et al., 2017). Two moderate 

magnitude earthquakes (ὓυȢυ and ὓυȢτ), occurred in January 2010 close to Efpalio in the western part of 

the Corinth Gulf, are the last two events included in the dataset. They are separated temporally only by four 

days and spatially at a distance of about 5 km on two adjacent fault segments, that were probably 

simultaneously close to failure (Karakostas et al.,2012; Sokos et al., 2012; Ganas et al., 2013). 

 

Figure 3.9: Tectonic map of the study area showing surface traces of the major fault segments. Stars denote 

the epicenters of earthquakes with M>6.0 since 1700 AD. Circles of different sizes and colors depict 

instrumental seismicity according to the inset 

3.2.2 Historical Seismicity 

Information on the strong earthquakes in the Corinth gulf, both historical and instrumental, is provided by 

Ambraseys and Jackson (1990, 1997), Papazachos and Papazachou (2003) and the regional catalog compiled 

at the Geophysics Department of Aristotle University of Thessaloniki (http://geophysics.geo.auth.gr/ss/). We 

considered all the events with M>6.0 reported in these catalogs and, independently of their epicentral 

uncertainties, we may assume that they are associated with certain faults along the Corinth Gulf. The 

temporal distribution of these events is shown in Figure 3.10 (upper), which shows that they are not regularly 

distributed in time suggesting tƘŀǘ ǘƘŜǊŜ ŀǊŜ άƳƛǎǎƛƴƎέ ŜǾŜƴǘǎ ŀǘ ƭŜŀǎǘ ǳƴǘƛƭ мтлл !5 όFigure 3.10, lower). This 

suggestion is confirmed by the cumulative distribution shown in Figure 3.11, which shows a sharp increase 

in the rate of occurrence for events reported after AD 1700. Based on the approximate linearity of the plot 

from 1700 AD on, we assume our data to bŜ ŎƻƳǇƭŜǘŜ ŦƻǊ ƳŀƎƴƛǘǳŘŜǎ aҗ6.0, from 1700 AD to the present 

(Figure 3.11). 

http://geophysics.geo.auth.gr/ss/


Project: 101061712 τ artEmis τ HORIZON-EURATOM-2021-NRT-01 document nr.D2.3 

 41 

 

 

Figure 3.10: (upper) Temporal distribution of all known earthquakes with Mw>6.0 that were reported by 

Papazachos and Papazachou (2003) and occurred inside the area of Figure D2.3.3.11. (lower) as before but 

for the period 1600-2010 AD (after Console et al., 2013) 

 

Figure 3.11: Cumulative distribution of the earthquakes shown in the last Figure (after Console et al., 2013) 

3.2.3 Recent activity and seismic sequences in Corinth Gulf 

3.2.3.1 February - March 1981 Alkyonides gulf seismic sequence 

On February 24, 1981 (20h 53m 37s) an earthquake of M6.7 occurred in Alkyonides gulf (eastern part of 

Corinth gulf). This main shock was not preceded by any felt or recorded earthquakes but was followed by 

numerous aftershocks (Papazachos et al. 1984). A second main shock of M6.4 occurred on February 25 (01h 

57m 5s) that was associated with an adjacent fault segment and a third strong earthquake of M6.3 on March 

4 (Fig. 3.12), which was associated with an antithetic fault segment (Jackson et al., 1982). Coulomb stress 

changes due to the coseismic slip of the main shocks showed that the second main shock was subject to a 

Coulomb stress increase of about 30% of its coseismic stress drop, and the third main shock, which occurred 

seven days later was increased by a more modest 6% of its stress drop (Hubert et al., 1996). 
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Figure 3.12: Epicentral distribution of the 1981 Alkyonides seismic sequence with all earthquakes of M>4.6 

that occurred between February 24 and August 27, 1981 (after Papazachos et al., 1984) 

 

3.2.3.2 Galaxidi 1992 seismic sequence 

The 1992 Galaxidi main shock with M=5.7, was not followed by intense aftershock activity as it was also 

observed in similar cases in the past for the study area (Fig. 3.13). The fault plane solution of the main shock 

and a cross section of the relocated seismicity showed a north dipping activated fault segment, consistent 

with the nearby Helike fault (Hatzfeld et al., 1996). 

 

Figure 3.13: Seismicity map and available fault plane solutions for earthquakes recorded between 23 

November and 2 December 1992 with the mobile network 9stations shown by the triangles). Main active 

fault traces (Rigo et al., 1996), the star depicting the main shock epicenter and big beach balls are focal 

mechanisms for the 1965, 1970, and 1992 earthquakes. (after Hatzfeld et al., 1996) 

3.2.3.3 1995 Aigion seismic sequence 

The M6.2, 15 June 1995, Aigion main shock struck the western part of the Corinth gulf (Fig. 3.14), and it was 

associated with an unusual low ς angle normal fault probably outcropping offshore, near the southern 

coastline (Bernard et al., 1997). This fault cannot be responsible for the long term topography of the rift, 

which is controlled by larger normal faults with larger dip angles, implying either a seldom, or a more recently 

started activity of such low angle faults in the central part of the rift. 
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Figure 3.14: Aftershocks of the 1995 Aigion earthquake during June 22ς28, 1995. Small open circles: 

aftershocks, shaded squares: digital seismometers of the 1995 temporary array, filled triangles: strong 

motion accelerometers. Large circles: the main shock epicenter located by different seismological centres 

(after Bernard et al., 1997) 

3.2.3.4 2010 Efpalio doublet 

Two moderate magnitude earthquakes (M5.5 and M5.4) occurred in January 2010 with their epicenters at 

about 5 km between them, in the western part of the Corinth gulf. The aftershock activity formed three 

distinct clusters beneath the northern coasts of the gulf (Fig. 3.15). Focal mechanisms of the stronger events 

reveal that the slip vectors exhibited an NNW ς SSE to NNE ς SSW orientation almost parallel to the extension 

of the rift. Calculation of Coulomb stress changes supported an interaction between the different clusters, 

with most of the activity coinciding with areas of positive induced stress changes after the first earthquake 

(Karakostas et al., 2012). 

 

Figure 3.15: Aftershocks of the 2010 Efpalio doublet. The stars depict the epicenters of the two strong 

earthquakes and circles are sized according to the aftershocks magnitude (after Karakostas et al., 2012)  

3.2.3.5 2013 Aigion swarm 

The 2013 Aigion earthquake swarm that took place in the west part of Corinth Gulf started on May 21 and 

was appreciably intense in the next 3 months (Fig. 3.16). The extremely dense seismicity distribution in both 

space and time and the highly accurate earthquake location, resulted in detailing the activated fault 

segments (Mesimeri et al., 2016). The activation of different segments successively in time was well explained 

by stress transfer among them. Examination of fluid flow showed that it cannot be unambiguously considered 

as the driving mechanism for successive failures. Kapetanidis et al. (2015) and Chouliaras et al. (2015) also 

examined this seismic excitation and attempted a determination of the spatiotemporal behavior in 

connection with fluid flows. 
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Figure 3.16: Map of epicentral distribution for the four different clusters along with the calculated fault 

plane solutions and the ensuing segment in the depth of 10 km (after Mesimeri et al., 2016) 

3.2.3.6 The 2020 western Corinth gulf swarm 

In the intense 2020ς2021 seismic crisis in Corinth gulf, Greece, comprising several hundreds of small 

earthquakes (maximum magnitude Mw=5.4 on 17 February 2021), the spatial and temporal evolution of the 

seismicity implied the activation of multiple secondary fault segments (Fig. 3.17). The geometry of the 

activated structures was accomplished with the use of the precise locations for 3398 earthquakes and 26 

moment tensor solutions (Papadimitriou et al., 2022). The highly accurate seismicity locations and focal 

mechanisms illustrate the fine scale faulting geometry of a ~10ςkmςlong activated area, almost east west 

striking and north dipping, and extensional kinematics. The identification of distinct clusters evidenced 

seismicity migration and organization in both space and time, deciphering the interaction of even tiny fault 

segments in a fault network. The exhaustive analysis of the swarm spatiotemporal evolution revealed several 

either distinct or contiguous activated minor fault segments that evolved in multiple structures, participating 

in the local fracture mesh. Faulting geometry and kinematics of these structures agreed with the ~NςS 

extension of the rift and north dipping fault planes. 

 

Figure 3.17: Spatial distribution of the relocated seismicity with the epicenters size being proportional to 

earthquake magnitude and the color to their occurrence time according to the color scale shown in the 

rightςhand side, along with the known fault segments (traced by the red lines). The focal mechanisms 

calculated in this study are also shown as equal area lower hemisphere projection, with the compression 

quadrant in black. The inset shows a map of the central Greece and denotes the study area as a red 

rectangle (after Papadimitriou et al., 2022) 
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4 Seismicity of the Swiss Alps and Bedretto lab 

4.1 Seismicity in Switzerland 

In Switzerland, earthquakes are the natural hazard with the largest damage potential (Wiemer et al., 2016). 

With a monitoring network of more than 200 seismometers, the Swiss Seismological Service at ETH Zurich 

(SED) records 1000 to 1500 earthquakes in Switzerland and its immediate neighboring countries a year, with 

an average of around 25 earthquakes with magnitudes 2.5 or greater (SED 2022). The SED operates two 

nationwide seismic networks, (i) a weak-motion network (SDSNet) consisting mainly of broad-band 

seismometers, and (ii) a strong-motion network (SSMNet), consisting of accelerometers (e.g. Diehl et al., 

2014). In 2017/18, several new semi-permanent stations have been installed to locally improve the density 

of the network, including in the region of the Bedretto Lab (Diehl et al., 2021). 

Earthquakes with a magnitude of 6 or more occur on average every 50 to 150 years (Wiemer et al., 2016). In 

the past 1000 years there were at least 12 earthquakes with a magnitude of 6 or greater in the Alps. 

Most of the earthquakes in Switzerland are caused by collisions between the European and African 

lithospheric plates (Fig. 4.1).  

https://doi.org/10.1007/s00024-022-03135-4
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Earthquakes occur at different depths within the Alps and in the region north of it. Earthquakes outside the 

Alps occur at a depth of about 30 km, while underneath the Alps they are limited to the upper part of the 

crust; occurring at depths of less than 20 km (Singer et al., 2014; SED, 2023a) (Fig. 4.2). 

 

Figure 4.1 Cross section through the lithosphere schematically showing the various forces acting at depth 

on the Alps (Singer et al. 2014) 

 

Figure 4.2: Map of earthquakes with a magnitude of 2 and above occurring in Switzerland and the 

neighbouring countries between 1975 and 2021 (SED, 2022) 
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The strongest documented earthquake in Switzerland occurred near the city of Basel (located at the southern 

end of the Rhine Graben) in 1356 with a magnitude of about 6.6. The strongest earthquake occurring in 

Switzerland in the last 10 years was the ML 4.6 Urnerboden earthquake in March 2017 (SED, 2023b). 

Compared to other European countries, Switzerland has a moderate seismic hazard (Wiemer et al. 2016). 

The regions with the highest hazard are the cantons Valais, Basel, Grisons and the St. Gallen Rhine valley (Fig. 

4.3). A list of the ten largest main shocks that have occurred in Switzerland is shown in Table 4.1. 

 

Figure 4.3 Seismic hazard in Switzerland (Wiemer et al., 2016) 

 

Location Magnitude Intensity Date Lat Lon 

Basel (BS) 6.6 IX 18.10.1356 47.47 7.6 

Churwalden (GR) 6.2 VIII 03.09.1295 46.78 9.54 

Stalden-Visp (VS) 6.2 VIII 25.07.1855 46.23 7.85 

Aigle (VD) 5.9 VIII 11.03.1584 46.33 6.97 

Unterwalden (NW) 5.9 VIII 18.09.1601 46.92 8.36 

Ardon (VS) 5.8 VII 04.1524 46.27 7.27 

Sierre (VS) 5.8 VIII 25.01.1946 46.35 7.4 

Brig-Naters (VS) 5.7 VIII 09.12.1755 46.32 7.98 

Altdorf (UR) 5.7 VII 10.09.1774 46.85 8.67 

Ftan (GR) 5.4 VII 03.08.1622 46.82 10.23 

Table 4.2: The ten largest main shocks known to have occurred in Switzerland (from Wiemer et al., 2016) 
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The style of faulting and orientation of the stress field vary significantly in Switzerland, but strike-slip 

components with normal faulting dominate in the Northern Alpine Foreland, along the Northern Alpine Front 

some thrusting is observed, and the Penninic domains of the Valais and Grisons are characterized by normal 

faulting (Wiemer et al. 2016 and references therein). 

4.2 Seismicity of the Bedretto underground laboratory 

The Bedretto tunnel is located in an area with comparably low seismic hazard in Switzerland. Only a few 

earthquakes with magnitudes larger than 2.5 occurred since 1975 in within a distance of 30 km from the 

tunnel entrance with the largest having a ML of 4.0 (Oberwald, VS, 01.07.2021) (SED 2023b). 

¢ƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ tǊƻƧŜŎǘ άCŀǳƭǘ !ŎǘƛǾŀǘƛƻƴ ŀƴŘ 9ŀǊǘƘǉǳŀƪŜ wǳǇǘǳǊŜέ όC9!wΤ CŜŀǊ нлноύ ƛǎ conducting a suite 

of ambitious experiments in the Bedretto lab. The idea is to better understand how earthquakes start and 

stop by using hydraulic stimulation by using hydraulic stimulation to modify stress and initiate small 

earthquakes. Induced seismicity experiments are ongoing, triggering earthquakes at very low magnitudes (< 

0.5). 
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