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Abstract  

The present document is a review of the geology and the seismotectonics of the three selected areas in which 

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. 

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. 

Within the Plate Tectonics background, the main geodynamic process accountable for the seismicity of the 

selected areas is roughly the complex collision of the Eurasia and Africa plates, which also involve the Adriatic 

and Aegen plates. 

Considering this general framework, the selected areas were chosen because of their significant seismicity is 

caused by the three geodynamic regimes (i.e., extensional, compressional, and strike-slip regimes), but, at 

the same time, are also characterised by different and peculiar active tectonic setting and, last but not at 

least, for having a quite efficient logistic background. 
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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). 

Therefore, 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 (http://www.artemisproject.eu/), 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.  

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 geology and the seismotectonics of the three 

selected areas (Abruzzi region, Italy; Ioanian Islands and Gulf of Corinth, Greece; Bedretto lab and Swiss Alps) 

in which the potential groundwater sites for radon monitoring will be located. 

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. 

Within the Plate Tectonics background, the main geodynamic process accountable for the seismicity of the 

selected areas is roughly the complex collision of the Eurasia and Africa plates, and, more precisely, the 

interaction between Eaurasia, Africa, Adriatic and Aegen plates. 

In the Abruzzi region the seismicity is mainly due to the SW dipping extensional faults located in the Apennine 

thrust belt, in the hangingwall of the Adriatic W dipping subduction zone. In the Apennine front belt, along 

roughly the Italian shoreline of the Adriatic Sea, the seismicity is caused also by the compressive active thrusts 

due to the Adriatic slab subduction. 

In the Ionian Islands the seismicity is due to the N-S oriented strike-slip Kefalonia Transform Zone (western 

end of the Hellenic Subduction Zone) and in the Gulf of Corinth it is due to the extensional regime in the 

back-arc region of the Aegean subduction zone. 

In the Swiss Alps (and Bedretto lab) the main process which causes the seismicity is approximately the S 

dipping subduction of the European slab below the Adriatic microplate in a general compressional regime. 

Considering this general framework, the selected areas were chosen because of their significant seismicity is 

caused by the three geodynamic regimes (i.e., extensional, compressional, and strike-slip regimes), but, at 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/physical-property-of-rocks
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the same time, are also characterised by peculiar active tectonic settings and, last but not at least, for having 

a quite efficient logistic background. 

 

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) 

1.1 References 

Asano, T., Sato, K., Onodera, J. I., 2001. United nations scientific committee on the effects of atomic radiation 

2000 report. Japanese Journal of Health Physics 36(2), 149-158. https://doi.org/10.5453/jhps.36.149 
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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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Morales-Simfors, N., Wyss, R. A., Bundschuh, J., 2020. Recent progress in radon-based monitoring as seismic 
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979-1012. https://doi.org/10.1080/10643389.2019.1642833 

Wakita, H., Nakamura, Y., Notsu, K., Noguchi, M., Asada, T., 1980. Radon anomaly: a possible precursor of 
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2 Geology and seismotectonics of the Abruzzi region (Italy) 

The Abruzzi region (area about 11000 km²), located in central Italy, was selected within the artEmis project 

due to its significant historical and instrumental seismicity and, especially, to the recent seismic activity 

testified by the April 6th, 2009 Mw сΦо [Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜ ŀƴŘ ǘƘŜ нлмс ǎŜǉǳŜƴŎŜ of central Italy (August 

24th, 2016 Mw 6.0 Amatrice earthquake and October 30th, 2016 Mw 6.5 Vettore Mt. earthquake). 

2.1 Geological setting 

The Apennine chain is conventionally divided into three segments: northern, central, and southern 

Apennines (fig. 2.1). The three sectors show a homogeneous geodynamic setting, but, in detail, each one 

highlights specific peculiarities of the tectonic structure. Since the Abruzzi region is the junction area between 

the central and southern Apennines, the central Apennines will be described also referring to some aspects 

of the southern one.  

 

Figure 2.1: Location of the Abruzzi region within the framework of central Apennines 

The Apennine fold and thrust belt is one of the several circum-Mediterranean chains generated after the 

upper Cretaceous closing of the Tethys palaeocean and collision between the European and African plates 

(Carminati and Doglioni, 2012; Cosentino et al., 2010; Doglioni, 1991; Faccenna et al., 1996; Patacca et al., 

1990).  

The central-southern Apennines fold and thrust belt generated mainly in the Neogene (23 Myr) along the 

eastward migration and W-directed subduction of the Adriatic-Apulia lithosphere (Cipollari et al., 1997; 

Patacca et al., 1990; Scrocca, 2010). Starting from Early Miocene the subduction backs away due to the 

progressive eastward shifting of the Adria foreland flexure, the orogenic fronts and the extensional tectonics. 

This last one moved from the Tyrrhenian area to the Apennine intermontane basins and cut off the 

contractional thrust stack previously formed (Doglioni, 1991; Patacca et al., 1990; Royden et al., 1987). 

The subduction phase generated an accretionary prism, subsequently involved in the collisional and post-

collisional history, during which the Apennine fold and thrust system was built at the expense of the 

continental margin of the Adria microplate formed, as regards the central-southern Apennines, mainly by 

tethysian Mesozoic carbonate successions belonging to shallow-water carbonate reefoidal platforms and the 

relative deep-water pelagic basins surrounding and intervening the above-mentioned platforms (Cosentino 
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et al., 2010). Paleogene (65-23 Myr) paleogeographic setting of central-southern Apennines shows two main 

shallow-water carbonate reefoidal platforms (Lazio-Abruzzi and Campania-Lucania platform, and the Apulia 

platform) and the intervening pelagic deep-water basins (Ligurian and Sicilide basins), to the West, and 

Molise, Sannio and Lagonegro basins, to the East (fig. 2.2) (Festa et al., 2014; Vezzani et al., 2010). These 

carbonate successions lay onto Middle-Late Triassic evaporite (considered the main detachment level of the 

Apennines chain), in turn lying on Permo-Triassic continental detrital units and the Palaeozoic crystalline 

basement. All these units pertain to the continental passive margin of the African plate (i.e. Adria microplate) 

(Scrocca, 2010) (fig. 2.3). 

The progressive migration of the compressive deformation towards the Adriatic-Apulian foreland is 

evidenced by the making and development of several eastward-younging foredeep basins filled up by 

terrigenous turbidites and by piggy-back basins whose deposits sedimented on top of the advancing nappes 

(Cipollari, and Cosentino, 1995; Cipollari et al., 1999) (fig. 2.3). 

The geodynamic setting of the central Apennines can be outlined considering, from SW to NE, (i) a western 

thinned crust of the Thyrrhenian Sea and the area north to Rome which is characterized by very high heath 

flow (Mongelli et al., 2004) due to astenospheric uplift; (ii) the doubling of the Moho both beneath the Fucino 

Plain where a young Tyrrhenian Moho has been inferred to be superposed on an old Adriatic Moho (Di Luzio 

et al., 2009); (iii) an Adriatic lithosphere flexing down westward under the Apennine chain (Cimini, 2004) (fig. 

2.3). 

 

 

Figure 2.2: Paleogeography of the central-southern Apennines during the Paleogene (65-23 Myr), showing 

the shallow-water carbonate reefoidal platforms and intervening deep-water pelagic basins from which are 

derived the main tectonic units of the central-southern Apennine thrust and fold belt (from Festa et al., 

2014) 
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Figure 2.3: Section of the Southern Apennines, representative also of central Apennines, in which can be 

noted the flexure of the westward subducting Adriatic-Apulia lithosphere, the old Adriatic Moho, the hot 

mantle wedge underlying a new "young" and the hot Moho. The Apennine thrust and fold belt is probably 

generated by a thin-skinned model (crystalline basement not involved). LID: lithospheric upper mantle. PS: 

passive sinking of the Adriatic lithosphere; RFH: roll-back of the flexural hinge; AW: Astenosphere wedging 

due to the eastward Mantle flow (from Scrocca, 2010) 

 

The post-Tortonian (7 Myr) evolution of central Apennines can be outlined as a post-collisional evolution of 

the orogenic belt driven by the eastward passive sinking of the Adriatic lithosphere with the roll-back of the 

PS 

RFH 
AW 
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flexural hinge, which is compensated by the Astenosphere wedging below the Tyrrhenian side and the 

Apennine chain due to the eastward mantle flow (Doglioni et al., 2004). 

As geophysical data in favor of the subduction of the Adriatic microplate, Di Stefano et al. (2009) have 

provided high resolution images of the lithosphere-asthenosphere system in the central Mediterranean, by 

means of a velocity model derived by inversion of longitudinal seismic wave arrival times, from local and 

regional earthquakes (fig. 2.4). Such velocity inversion images well corroborate the widely accepted tectonic 

model of plate collision-subduction-rollback. More precisely the section in fig. 2.4 shows that the high-Vp 

Adriatic lithosphere is subducting beneath the warmer, low-Vp Tyrrhenian lithosphere. 

So, several processes, such as the oceanic subduction, continental collision, slab rollback, and back-arc basin 

formation, have concurred to the Apennines formation (Cardello and Doglioni, 2015; Carminati et al., 2004; 

Faccenna et al., 1996; Malinverno and Ryan, 1986; Scrocca et al., 2005; Stampfli and Borel, 2002). 

 

Figure 2.4: Section across the central Apennine, achieved by inversion of longitudinal wave arrival times 

from main seismic events. Only the section F-CΩΣ ŎǊƻǎǎŎǳǘǘƛƴƎ ǘƘŜ !ōǊǳȊȊƛ ǊŜƎƛƻƴΣ ƛǎ ƘŜǊŜ ƛƭƭǳǎǘǊŀǘŜŘ (from Di 

Stefano et al., 2009) 

The main units corresponding to an E to W transect in the original paleogeographic reconstruction are from 

bottom to top within the thrust pile of the central-southern Apennine chain: i) the Apulian carbonate 

platform for the southern Apennines (conversely in the northern Abruzzi offshore deep-water carbonates of 

Umbria-Marche basin), ii) the Lagonegro-Sannio-Molise deep-water basins (also in the southern Abruzzi), iii) 

the Apennine carbonate platform (Lazio-Abruzzi and Campania-Lucania), and iv) the internal oceanic to 

thinned continental crust deep-water basinal units, respectively Liguride and Sicilide internal nappes (Patacca 

et al., 1990; Scrocca, 2010). The Sicilide and Liguride units sedimented onto thinned continental crust and 

oceanic crust, respectively, considering that the Liguride unit contains ophiolite rocks, while the Sicilide unit 

does not (Cosentino et al., 2010) (fig. 2.5). 

Since Late Cretaceous convergence, the most internal paleogeographic units (Sicilide and Liguride units) were 

incorporated in the east-verging Apennines accretionary prism in relation to the oceanic subduction. The 

subsequent Oligocene - lower Pliocene (34-4 Myr) thrust accretion is shown by the E and NE migration of the 

Liguride and Sicilide units, up to the contractional deformation of the westernmost part of the Apulia-Adriatic 

margin. In the central Apennines, the Sicilide Units overlie the above-mentioned complex imbricate tectonic 

edifice (Cosentino et al., 2010; Festa et al., 2014) (fig. 2.5). 
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As mentioned, the central Apennine chain is a pile of thrust sheets constituted mainly by deep- and shallow-

water carbonate units belonging to the Adria Mesozoic paleomargin. This thrust pile developed during 

Neogene through the northeastward migration of a piggyback sequence of the main thrusts. Further, some 

chain sectors, previously involved in the thrust belt, underwent to a subsequent compressive out-of-

sequence reactivation through new enucleated thrusts (i.e. the N-S directed Olevano-Antrodoco thrust 

system, The E-W directed Gran Sasso thrust) (Cipollari et al., 1997). 

 

 

Figure 2.5: The main units incorporated in the central-southern Apennines (see text) (from Scrocca, 2010) 

Since Oligocene (34 Myr) - Early Miocene (23 Myr), the accretionary prism migrated from W to E. This 

progressively evolution towards the Adriatic foreland is connected to the eastward migration of the 

compressive front of the chain-foredeep orogenic system. This migration was, at the same time, 

accompanied, starting from the middle Miocene (about 15-10 Myr) by the development of crustal extension 

which led to the opening of the Tyrrhenian basin with partial oceanization process.  

From the Tyrrhenian area this extensional regime spread towards the Adriatic (eastwards) generating main 

SW-dipping normal fault systems during the Neogene-Quaternary times (from 7 Myr till now). These 

extensional systems progressively cross-cut the Apennine thrust pile previously formed and produced Plio-

Quaternary (from 2.5 Myr till now) intermontane basins in which continental successions were deposited 

(Cosentino et al., 2017). The compressive regime currently affects the northern Apennines coastal area 

(Marche-Romagna), while the extensional one occurs along the central Apennines chain, as evidenced by the 

seismicity distribution in the Abruzzi region. 

As concerns the Apennine orogenic setting, the Lazio-Abruzzi sector of central Apennines is delimited by two 

important tectonic elements: to the west the above-mentioned Olevano-Antrodoco-Sibillini Mts. line (OASL) 

(figs. 2.6-2.8) and, to the east, the Ortona Roccamonfina line. The first element represents the more external 

enveloping N-S trending thrust front of Umbria-Marche (northern Apennines) deep-water carbonate units 

overthrusted onto the Lazio-Abruzzi shallow-water carbonate units and the mainly Miocenic related 

terrigenous foredeep deposits. OASL and the Umbria-Marche related thrust belt is oblique with respect to 

the chain-foredeep system. OASL, further, is an out of sequence thrust due to a lower Pliocene tectonic phase 

which affected a chain sector already involved in the upper Tortonian-lower Messinian thrust belt (Cipollari 

et al., 1997) (fig. 2.7-2.8). OASL could be connected to the presence of crustal discontinuities or folding which 

have conditioned the arched geometry of the entire orogenic system (Billi et al., 2006). The NNE-SSW 

trending Ortona Roccamonfina line could represent the junction area between the orogenic archs of the 

northern and southern Apennines, convex north-eastern and south-eastern respectively. To this line the 

significance of crustal boundary between the two archs has been attributed (Patacca and Scandone, 1989) 

(fig. 2.6). 
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The central (Lazio-Abruzzi) Apennines exhibits a transitional tectonic style between that of the northern 

Apennines (Umbria-Marche), characterized by an in-sequence thrust imbricated geometry with low 

shortening and that of southern Apennines, where, conversely, compressive shortening is much greater and 

the thrust belt is featured by more complex tectonic setting with the presence in depth of the buried Apulia-

carbonate duplex system and in-sequence and out of sequence thrusts (figs. 2.18-2.21). Anyway, in all the 

northern, central, and southern Apennines the tectonic style is chiefly thin-skinned-type (without the 

involvement of the crystalline basement) (Patacca et al., 2008; Scrocca, 2010). 

 

Figure 2.6: Scheme of the two main orogenic archs of the Apennine chain (northern Apennines arch, N and 

southern Apennines arch, S) and the NNE-SSW trending Ortona-Roccamonfina line (OR) (Patacca and 

Scandone, 1989). Square refers to Abruzzi region 

Therefore, considered the above-mentioned tectonic setting, the Abruzzi Apennine chain may be 

conventionally divided into northern Abruzzi (NOA) and southern Abruzzi (SOA) Apennines (Bigi et al., 2003) 

(figs. 2.7, 2.8). The Neogene shorthening calculated with balanced sections crossing across the whole central 

Apennines and, specifically, across the northern Abruzzi, is estimated in about 40-50%. The Plio-Quaternary 

subsequent extension due to the SW dipping normal faults which cross-cut the thrust faults is evaluated in 

about 10% (Cosentino et al., 2010; Ghisetti et al., 1993) (figs. 2.9). Conversely, in the southern Apennines, 

which its tectonic setting is comparable to the southern Abruzzi, the total shortening of the allochthonous 

units (i.e., Apennine and Apulian carbonate platforms and Lagonegro basin) is estimated to be much greater 

(about 65%) (Scrocca, 2010). 

To compare the tectonic style of the central and southern Apennines the sections of figures 2.9 and 2.10 are 

reported. This different geological-structural arrangement of northern and southern Abruzzi has also 

repercussions in the geomorphology and landscape. 

In fact, in the northern Abruzzi, impressive carbonate reliefs are located west to the Meta Mts.-Maiella 

alignment (corresponding to the above-mentioned Ortona-Roccamonfina line: fig. 2.6) (fig. 2.8), while, in 

southern Abruzzi, east to this alignment, a hilly landscape, due to above all the calcareous-clayey and 

terrigenous successions (Molise Sannio and Sicilide units) outcrop (figs. 2.7, 2.8). The latter lithologies 

represent the tectonic units of the chain placed above the carbonate thrust sheets. In the Abruzzi area the 

carbonate thrust sheets belong to deep-water domain (Umbria-Marche basin), in the southern Apennines to 

the shallow-water domain (Apulia shallow-water platform) which were reached by numerous deep boreholes 

N 

S 

OR 
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and recognized through the interpretation of seismic profiles performed for hydrocarbon prospecting 

(Patacca et al., 2008) (figs. 2.9, 2.10). 

 

Figure 2.7: Geological map of the central-southern Italy (from Cosentino et al., 2010). 1) Plio-Quaternary 

marine and continental deposits; 2) Quaternary volcanics; 3) Post-lower Miocene (20 Myr) foredeep 

terrigenous deposits (undifferentiated ages); 4) Molise, Sannio and Lagonegro deep-water basinal units 

(Oligocene-Upper Cretaceous); 5) Meso-Cenozoic shallow-water reefoidal carbonate platform sequences 

included carbonate ramp deposits (Middle Miocene-Upper Triassic); 6) Meso-Cenozoic deep-water pelagic 

sequences and transitional platform-to-basin deposits (Middle Miocene-Upper Triassic); 7) Liguride and 

Sicilide units, deriving from the deformation of internal domains, with Lower Miocene thrust-top basin 
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deposits; 8) thrust front of the Apenninic chain; 9) thrust; 10) extensional fault; 11) strike-slip fault. OASL: 

Olevano-Anrodoco-Sibillini Mts. line. Red dotted line: Ortona-Roccamonfina line (OR). The square refers to 

the geological map of Lazio-Abruzzi region of fig. 2.8 

 

Figure 2.8: Geological map of Lazio-Abruzzi region (see for the location fig. 2.7) (from Cosentino et al., 

2010). 1) Plio-Pleistocene marine and continental deposits; 2) Pleistocene volcanics; 3) buried Pliocene 

marine sediments; 4) terrigenous deposits related to the Messinian-Early Pliocene thrust-top basins; 5) 

Messinian clastic deposits and evaporites; 6) foredeep terrigenous deposits of undifferentiated age (Upper 

Miocene); 7) Meso-Cenozoic shallow-water limestones; 8) Meso-Cenozoic deep-water limestones; 9) 

thrust; 10) undifferentiated fault; 11) isobaths (m asl) of the base of Pliocene deposits. CA: section of fig. 

2.9; NOA: northern Abruzzi; SOA: southern Abruzzi 

CA 

NOA 

SOA 

Fucino 
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Figure 2.9: a 

 

 

Figure 2.9: b 
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Figure 2.9: c Figure 2.9: d 

Figure 2.9: Previous page: a) regional section crossing the central Apennines from the Tyrrhenian Sea 

(western side, Lazio) to the Adriatic Sea (eastern side, Abruzzi) (CA in the figs. 2.7 and 2.8) (from Cosentino 

et al., 2010); b) legend; this page: c) detail of the same section in a) crossing the Abruzzi region; d) same 

legend reported in b. Note the main in-sequence NE-verging and gently SW dipping thrusts and the 

subsequent SW-dipping high angle extensional faults which cut-off the previous formed thrust faults. 

Several of these extensional faults are active and accountable for the seismicity of the Abruzzi region 



Project: 101061712 τ artEmis τ HORIZON-EURATOM-2021-NRT-01 document nr. D2.1 

 

 

 

17 

 

 

Figure 2.10 Section crossing the southern Apennines exemplificative of the tectonic style of southern 

Abruzzi (SA in the fig. 2.18) (Scrocca, 2010; Scrocca et al., 2007). Note the greater shortening compared to 

that of central Apennines (see for comparison fig. 2.9) 

 

As a concise summary, the geological setting of central Italy, where Abruzzi region is located, is caused by 

the overlap of two leading stages: (i) the Oligocene - lower Pliocene (34-4 Myr) compressive orogenic stage 

during which the NE-verging Apennine fold and thrust belt was built up; (ii) the Pliocene-Quaternary (5 Myr 

till now) post-orogenic stage during which SW dipping extensional faults produced complex graben or semi-

graben corresponding geomorphologically to the intermontane basins scattered in central Apennines 

όŀƳƻƴƎ ǿƘƛŎƘ [Ω!ǉǳƛƭŀΣ CǳŎƛƴƻ ŀƴŘ {ǳƭƳƻƴŀ Ǉƭŀƛƴǎύ and which were filled up by a coarse- and fine-grained 

detrital deposits sedimented mainly in lacustrine, slope and alluvial environments (Carminati et al., 2010; 

Cavinato and De Celles, 1999; Cosentino et al., 2010). Moreover, many of these extensional faults are 

seismogenic and responsible for the current and historical seismicity even generating earthquakes with 

maximum expected magnitudes up to 6.5-7 (Boncio et al., 2004; Galadini and Galli, 1999; 2000; Galli et al., 

2005; 2008; Guerrieri et al., 2015). 

2.2 Seismotectonic setting 

The current Apennine tectonic setting, as well as the associated geodynamics and seismicity, exhibits a rather 

articulated stress-strain field in which the main chain, previously uplifted by compressive tectonics, is now 

subjected to an extensional strain, whereas the contractional strain field is migrating towards the eastern 

margin between the thrust belt and the subducting Adria plates (Carminati and Doglioni, 2012) (fig. 2.11). 
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Only a few areas of the Italian territory are currently not involved in the orogenic events such as, at the north 

part of the Po plain, at the East the Adriatic foreland, and in the southern area, the Apulian foreland. While 

the Apennines is constituted by an east-verging fold and thrust belt, the Adriatic-Apulian foreland areas are 

substantially undeformed or undergoing to subsidence or uplift phenomena related to the chain migration 

(figs. 2.11, 2.12). 

 

Figure 2.11: Geodynamical settings of Alps-Apennine area, illustrating areas undergoing to contractional 

tectonics (Adriatic side) and extensional tectonics (axial zone of Apennines and Thyrrhenian side) 

(Carminati and Doglioni, 2012). Square: Abruzzi region 
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Figure 2.12: Geodynamics setting of Italian area. The subducting system of the Mediterranean area is 

composed by the Adriatic (including the Apulian foreland), Ionian, Sicilian, and African plates (from Devoti 

et al., 2008) (top). B) The above-mentioned plates configuration in a 3D view (from Carminati and Doglioni, 

2012) (bottom). Square: Abruzzi region 

Recent satellite GPS data point out an ongoing eastern displacement of the whole chain, with velocities of 

the order of magnitude of some millimeters per year (Devoti et al., 2010) (fig. 2.13). Such velocity field was 

achieved by means of analysis of continuous GPS observations, gathered from 287 sites in the time interval 

1998-2009, and covering the whole Italian territory by a network characterized a mean inter-site distance of 

about 50 km. A refined analysis of these data, carried out by comparison of different algorithms (BERNESE 

and GAMIT, Devoti et al., 2010), has allowed to obtain accurate estimates of the velocity field, which in turn 

permitted reliable estimations of strain rate (velocity field gradient) over the whole territory. These results 

point out as, currently, the velocity values in the eastern side are greater than those of the western side (fig. 

2.13), thus along the Apennines we can observe a NE-extension (fig. 2.14).  
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Figure 2.13: Horizontal velocity field, with respect to the Eurasia plate, from satellite GPS data (Devoti et al., 

2010). Square: Abruzzi region 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.14: Principal crustal horizontal strain axes calculated from satellite GPS data (blue area: 

extensional regime) (Devoti et al., 2010). Square: Abruzzi region 
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The map of figure 2.14 shows the interpolated principal axes of strain rate, denoting by blue and red arrows, 

extensional and contractional strain, respectively. Furthermore, superimposed on these, the 2D dilatation 

field is illustrated by means of coloured areas, denoting by blue and red colours, prevalent extensional and 

contractional regimes, respectively. 

Figure 2.15 illustrates the focal mechanisms associated to events occurred in the period 1976-2010, 

superimposed to the 2D dilatation field (Devoti et al., 2010). These focal mechanisms were calculated by 

means of the Regional Centroid Moment Tensor criterion (RCMT), which is an established method for routine 

description and quantification of earthquake sources, based on analysis of surface waves produced by 

earthquakes with M > 4.5 (Pondrelli et al., 2010).  

Figure 2.15 points out an evident correlation between earthquake occurrence and strain rate intensity, as 

well as between the orientations of fault-plane solutions with the strain rate principal axes. The focal 

mechanisms of Apennine belt, included the Abruzzi region, are interpreted as due to NW-SE trending normal-

faulting. 

To assess the present-day local stresses, Montone and Mariucci (2016) used several stress indicators, such 

as borehole breakout, earthquake focal mechanisms, active fault slips and overcoring data (fig. 2.16). It can 

be observed that the minimum horizontal stress is orthogonal to the axis of the Apennine chain (indicative 

of a NE extension) and parallel to the southern edge of the Alps and to the border of the Apennines (indicative 

of compression at the Alpine and Apennine fronts) (fig. 2.16). Also, this information is congruent with the 

above-mentioned geodynamical regime. 

Due to this current geophysical picture, the Italian territory has experienced several disruptive earthquakes 

and several areas are exposed to a relevant seismic hazard (figs 2.17, 2.18). 

The study of active faults and historical and instrumental seismicity has allowed a characterization of the 

main seismogenic zones in Italy an specifically in the Abruzzi region (figs. 2.19, 2.20). The ZS9 seismic zoning 

(Meletti and Valensise, 2004) represent areas with homogeneous behaviour from a point of view of 

structural-kinematics, temporal (seismicity rates), spatial distribution of events, hypocentral depth 

distributions, as well as of the maximum expected magnitude (figs. 2.19, 2.20). 

The ZS9 seismic zoning consists of more than 30 zones which were identified based on the seismogenic 

sources by the DISS 2.0 database (Valensise and Pantosti, 2001), the compilation of active faults by Galadini 

et al. (2000) and the rich database of focal mechanisms obtained from seismic catalogues by INGV 

(https://emidius.mi.ingv.it/CPTI/). Among the focal mechanisms contained in the databases, those falling 

within the ZS9 zones were selected, i.e., more than 1000 records relating to earthquakes with magnitudes in 

the range 1.9-6.6 and average hypocentral depths of about 11 km. Then, for each zone the average solution 

tensor was determined (fig. 2.20). 

In figure 2.19 the active faults from ITHACA database (http://sgi.isprambiente.it/ithaca/viewer/index.html) 

are also reported. It can be noted that, in the Abruzzi region, these are placed in the Apennine chain, while 

are absent in the Adriatic coastal, which agrees with the elaboration of the current GPS data (fig. 2.14). These 

active faults have a NW-SE trend and are extensional-type and are congruent with the 2D dilatation field of 

fig. 2.15 and the current NE-SW directed horizontal minimum stress of figs. 2.16. Moreover, the coseismic 

rupture of these active fauts is expected between 50 and 150 cm which are among the highest values in the 

Apennines (Guerrieri et al., 2015).  

In the central Apennine area, and more precisely, in the Abruzzi region, the average tensor moment solution 

is congruent again with a NW-SE directed extensional faulting comparing the focal mechanisms of fig. 2.20 

with the trend of the main active faults reported in fig. 2.19. 

https://emidius.mi.ingv.it/CPTI/
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Figure 2.15: Focal mechanisms between 1976 and 2010 point out a crustal extension of central and 

southern Apennines (blue area: extensional regime) (from Devoti et al., 2010). Square: Abruzzi region 

 

Further, based on this knowledge, INGV has produced maps of seismic hazard for the whole Italy area (in 

terms of peak/maximum ground acceleration (PGA) (fig. 2.21), which outline as the most exposed areas are 

located in the central (e.g. Abruzzi region) and southern Apennines (http://esse1.mi.ingv.it/). The seismic 

hazard map of the Italian territory is expressed in terms of PGA with a probability of exceeding 10% in 50 

years, referred to rigid ground (average shear-wave velocity for the upper 30-m depth, Vs30>800 m/s) 

(Meletti et al., 2006). In figure 2.21 the colours denote different PGA values. As an indication, colours 

associated with lower PGA indicate less dangerous areas, where the frequency of stronger earthquakes is 

lower than that in more dangerous zones with higher PGA values. The strongest shaking, with ground 

acceleration values higher than 0.225 g (g: gravitational acceleration), are expected in Calabria, SE Sicily, Friuli 

Venice Julia and throughout the central-southern Apennines included the Abruzzi region. 

It can be noted that, in the Abruzzi region, the areas with highest PGA values are placed in the Apennine 

chain, while in the Adriatic coastal area they are much lower which agrees with the areal spreading of the 

historical and instrumental seismicity (figs. 2.17, 2.18). Moreover, the highest PGA values are placed in the 
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Abruzzi Apennines where the strongest earthquakes occurred (figs. 2.17, 2.18) and the active faults show the 

highest coseismic rupture values (fig. 2.19). 

 

 

 

Figure 2.16: Current horizontal minimum stress in Italy from different sources: in red from focal 

mechanisms, in green from breakouts, in blue from inversions, in orange from faults (Montone and 

Mariucci, 2016). Square: Abruzzi region 
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Figure 2.17: Instrumental seismicity from 1985 to 2014. The earthquakŜǎ ƻŦ ƳŀƎƴƛǘǳŘŜ a[җнΦл ǊŜŎƻǊŘŜŘ ōȅ 

the National Seismic Network are shown (from Iside database, http://iside.rm.ingv.it). Square: Abruzzi 

region 

 

 

 

http://iside.rm.ingv.it/
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Figure 2.18: Historical seismicity from the year 1000 to 2006 (from 

CPTI11, http://emidius.mi.ingv.it/CPTI11/). Square: Abruzzi region 

 

 

http://emidius.mi.ingv.it/CPTI11/
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Figure 2.19: The seismogenic zones and the main active faults of Italy. The active and capable faults of 

ITHACA database (http://sgi.isprambiente.it/ithaca/viewer/index.html) superimposed on the ZS9 seismic 

zoning (Meletti and Valensise, 2004). In accordance with the fault classification (Fault Class) of ISPRA it is 

possible to estimate the maximum expected coseismic dislocation (Guerrieri et al., 2015): 1: 0-5 cm; 2: 5-20 

cm; 3: 20-50 cm; 4: 50-150 cm; 5: up to 250 cm. In the Abruzzi region (square in the map) coseismic rupture 

due to these active faults is expected between 50 and 150 cm 
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Figure 2.20: Focal mechanisms representative for the ZS9 seismic zoning by Meletti and Valensise (2004). 

As can be seen the Abruzzi region (square) is characterized above all by NW-SE directed extensional faulting 

earthquakes 
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Figure 2.21: Map of the seismic hazard of the Italian territory expressed in terms of maximum ground 

acceleration (PGA) with a probability of exceeding 10% in 50 years, referred to rigid ground (Vs30>800 m/s; 

cat. A, point 3.2.1 of the Ministerial Decree 14.09. 2005) (http://esse1.mi.ingv.it/). In the Abruzzi region 

significant PGA values (0.225-0.275 g) and lower ones (0.15-0.225 g) are expected in the Apennine chain (a) 

and in the Adriatic mid- and low-lands (b), respectively  

 

a b 

http://esse1.mi.ingv.it/
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2.2.1 Active faults 

In the following the active faults of the Abruzzi region is in detail outlined. Our study area extends for more 

than 120 km along the central Apennines. The axial portion of mountain range is undergoing regional uplift 

and NE-SW active extension since Late Neogene-Early Quaternary (Carafa and Barba, 2013). Extension at 

2.5ς3.5 mm/yr (Carafa and Bird, 2016; Carafa et al., 2020) shaped a complex landscape featuring previous 

thrust-belt ranges, glacial and fluvial landforms, karst plateaus, and fluvio-lacustrine basins. The NW-SE and 

NNW-SSE striking normal faults drive the deposition in intramountain basins (e.g., Fucino and Sulmona 

basins), and control the Late Pleistocene (<126 ka)-Holocene continental deposits and landforms (fig. 2.22). 

 

 
Figure 2.22: Original seismic profile and line drawing (top) and geological section (bottom) showing the half 
graben of Fucino plain and the main master SW-dipping normal fault located in the eastern side of the plain 
(right side in the section, SF: Serrone fault). The sequence 3 and 4 refer to upper Pliocene and Pleistocene-

Holocene alluvial and lacustrine sediments, respectively. The profile shows the emblematic tectonic 
structure of the Plio-Quaternary intermontane plains of Abruzzi region (Cavinato et al., 2002) 

 

At the surface, the normal faults often separate footwall carbonates from unconsolidated deposits such as 

slope debris and colluvium eluvium or alluvial fan deposits in the hangingwall (Galadini and Galli, 2000), and 

their trace is lost where the relief ends. In this setting, bedrock fault scarps are locally well-exposed and 

mapped at different elevations along the steep carbonate bedrock of the footwall. These latter features have 

been documented to favor slope instabilities mimicking a tectonic signal (Di Naccio et al., 2019; Kastelic et 

SF 
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al., 2017). In other cases, fault planes are not visible at the ground surface, but they leave dislocated 

landforms and stratigraphic markers or earthquake horizons (Galli et al., 2008). Evidence of fault activity is 

supported by displaced Pleistocene and Holocene alluvial fans, slope deposits (Galli et al., 2010; Gori et al., 

2007), and smooth upland surfaces mainly created around the time of the Last Glacial Maximum (Giraudi, 

1995; Roberts and Michetti, 2004). The Abruzzo geological setting has favoured the collection of numerous 

slip rates data with temporal and spatial proximity of the relative measurement points of different techniques 

such as paleoseismic trenching, mapping of offset geomorphic markers, and dating of scarp profiles. 

However, non-tectonic processes or method-related variances can introduce noise signals that are arduous 

to quantify, and these influence slip rate estimates. Recent improvements in seismic hazard analysis relying 

on fault slip rates, were achieved using an advanced statistical method comparing and combining outcomes 

of different techniques (Carafa et al., 2022). In this portion of chain, the meta-analysis of geological data 

(throw, age and their uncertainties) testify that throw rates are overdispersed with respect to these 

quantities and the most reasonable fault-growing model remains that assuming a uniform fault throw rate 

in space and time (tapering to zero at unconnected fault tips). For the entire studied area, the posterior 

distribution of throw rate estimates is 0.5 mm/yr, with a 90%-confidence range of 0.08ς1.48 mm/yr and the 

most investigated time interval is the last 25 kyr. Recently geodetic data have also been used to determine 

the first estimates of the slip rate on active faults with a model of elastically unloading seismogenic faults 

within a viscously deforming lithosphere (Carafa et al., 2020). The kinematic inversion of geodetic and stress 

data returns geodetic slip rates fitting the corresponding geological estimates. 

The geologic and tectonic history of our study area delineates the axial portion of chain as the highly seismic 

domain. The depth-distribution of the seismicity and the thickness of the seismogenic layer within the entire 

domain are controlled by the rheological stratification of the crust, and heat flow. The seismogenic depth 

reaches 12-16 km on average and thickens towards South and East. The distribution of major seismicity 

allows also to distinguish three more elongated sub-domains. Normal faults of the central domain are the 

most active and well established, whereas those in the inner and outer domains (relative to the original 

direction of orogenic transport, i.e along the SW-NE direction) are less active, more discontinuous, and 

overall, less understood (fig. 2.23).  

Active faults of the innermost domain extend at least from the Carsoli basin to the NW, to the Liri Valley, to 

the SE, possibly extending as far north as the Rieti basin and includes four major fault systems (Liri 1, Liri 2, 

Scurcola and Carsoli faults, fig. 2.23). The seismicity includes significant earthquakes, such as the 9 September 

1349 (MW 6.8) and 24 July 1654 (MW 6.3) events, this later in the south Lazio region. Although this 

circumstance, the understanding of their causative faults is especially weak and largely speculative, and in 

some instances even the state of activity of individual faults as recognized in the field is questionable. 

The central domain extends from the Upper Aterno Valley to the Barrea basin. It is formed by fault dipping 

to the SW (Barrea, Aremogna - Cinque Miglia, Scanno, Sangro - Monte Marsicano, Subequana Valley, Fucino, 

Middle Aterno Valley, Paganica, Piani di Pezza - Campo Felice, Velino, Pettino ς Pizzoli, Sella di Corno; Figure 

2.19). Further splays characterized by recent activity have been identified within the Fucino basin (Trasacco, 

Luco dei Marsi and Tre Monti faults) and to the northeast of it (San Sebastiano - Ventrino fault). Southwards 

the Ortona-Roccamonfina Line, interpreted to be a major structural discontinuity (Fracassi and Milano, 2014), 

the fault dips switches to the NE (i.e. Bojano fault). This elongated domain hosted several Mw>6.0 

earthquakes. These include some of the oldest events for which there exists historical evidence, such as the 

3 December 1315 Aquilano event (MW 5.6), but also one of the largest catastrophes of the XX century, the 

13 January 1915 the Marsica event (MW 7.1), commonly referred to also as Avezzano or Fucino earthquake 

from the name of the town/area that was most heavily affected by it. 
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Faults belonging to the outermost domain can be detected in a large area including Gran Sasso Ridge moving 

to Mt. Morrone, to the SE. A few large earthquakes along with recent minor seismicity document that this 

domain is undergoing extension. The extensional nature of local deformation and of the associated 

earthquakes, which may include also the 3 November 1706, Majella event (MW 6.8), has been recently 

documented by regional-scale analyses such as those by Carafa and Bird (2016). For our study area this 

domain includes seven major fault systems (Porrara ς Maiella, Pizzalto, Maiella North, Mt. Morrone, Mt. 

Cappucciata, Barisciano San Pio delle Camere, Campo Imperatore; Figure 2.19), and one secondary splays 

(Assergi fault) all characterized by a variable level of knowledge, beginning with their very state of current 

activity (fig. 2.23). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.23: Map of the active normal fault traces and seismogenic sources (Carafa et al., 2022). 

Seismogenic sources: (2) Barrea, (3) Porrara-Maiella, (4) Pizzalto, (5) Aremogna-Cinque Miglia, (6) Scanno, 

(7) Sangro-Mt. Marsicano, (8) Maiella North, (9) Mt. Morrone, (10) Subequana Valley, (11) San Sebastiano-

Ventrino, (12) Fucino, (13) Tre Monti, (14) Trasacco, (15) Luco dei Marsi, (16) Liri 1, (17) Liri 2, (18) Mt. 

Cappucciata, (19) S. Pio delle Camere, (20) Middle Aterno Valley, (21) Paganica, (22) Piani di Pezza-Campo 

Felice, (23) Velino, (24) Scurcola, (25) Carsoli, (26) Campo Imperatore, (27) Assergi, (28) Pettino- Pizzoli, (29) 

Sella di Corno. Inset: the study area (blue rectangle) 
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2.2.2 The Paganica active fault versus 2009 L'Aquila earthquake 

The destructive earthquake ƻŎŎǳǊǊŜŘ ƴŜŀǊ [Ω!ǉǳƛƭŀ, the chief town of Abruzzi region, on April 6, 2009 (M = 

6.3), provides an emblematic case study of seismic activity versus active tectonics in the Abruzzi region. As 

this event has been deeply analysed according to a multidisciplinary approach involving seismology, field and 

structural geology, satellite GPS and radar image interferometry (DInSAR), its description is, of course, of 

relevant interest within the framework of the artEmis project (Chiarabba et al., 2009 and references within) 

(figs. 2.24-2.29). 

Seismic activity in central Apennines is well known, both historically and instrumentally, and it is typically 

associated with earthquakes showing NW-SE directed normal faulting mechanisms and focal depths in the 

upper 15-20 km of the crust (Vannucci et al., 2004) (figs. 2.7, 2.8). Recent and historical examples of 

significant earthquakes related to a regional fault set involving Abruzzi and neighbouring regions are the 1915 

Avezzano event (Mw = 6.9; Amoruso et al., 1998), the 1979 Valnerina event (Mw = 5.9; Boschi et al., 2000), 

Irpinia earthquakes of 1930 (Mw = 6.7) and 1980 (Mw = 6.8; Pino et al., 2008), the 1997ς1998 Umbria-Marche 

sequence (two main events with Mw = 5.7 and 6.0; Ekström et al., мффуύ ŀƴŘ ǘƘŜ ǊŜŎŜƴǘ нллф [Ω!ǉǳƛƭŀ 

earthquake (Mw = 6.3) as well as the Amatrice-Norcia sequence in 2016 (two main events: August 24, with 

Mw = 6 and October, 30 with Mw = 6.5) (Chiaraluce et al., 2022). 

CƻŎǳǎƛƴƎ ƻƴ [Ω!ǉǳƛƭŀ ŀǊŜŀΣ the figure 2.24 shows the historical ŜŀǊǘƘǉǳŀƪŜǎ ǿƛǘƘ aǿҗсΦо ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ 

faults pertaining to the central domain described in the previous section. The earthquake of 1703 (February 

2, Mw = 6.7) was caused by the activation of the fault system of the upper Aterno valley (UAFS; Marine Mt. 

and Pettino Mt. faults), that of 1349 from the Campo Imperatore fault system and the catastrophic one of 

1915 (Mw = 7) from the Fucino fault system (FFS). As regards the earthquake of 1461 (Mw = 6.5), currently, 

there is a widespread consensus in considering the earthquakes of 1461 and 2009 as the result of the same 

fault (Paganica-San Demetrio fault) (Galli et al., 2009). 

On April 6, 2009 (1:32 a.m. Italy time) a blasting earthquake caused relevant damages in the city of L'Aquila 

and in neighbouring municipalities. Seismological data indicated: (i) a magnitude value of Mw = 6.3 for the 

mainshock, which was preceded by seismic activity started in October 2008 and followed by thousands of 

aftershocks (Chiarabba et al., 2009; Pondrelli et al., 2010); (ii) focal mechanisms (moment tensor solutions 

according to the European-Mediterranean regional centroid moment tensor method, RCMT; Pondrelli et al., 

нлмлύ ǇƻƛƴǘƛƴƎ ƻǳǘ ŀ ˋ2 axis NE-SW oriented and NW-SE extensional geometry (fig. 2.25); (iii) hypocentre 

depths mainly in the upper 15 km of crust, associated to a normal fault about 45° SW dipping (fig. 2.25, sects. 

A-!Ω ŀƴŘ .-.ΩύΦ 

According to numerous data from seismology, field geology (Emergeo Working Group, 2009; Falcucci et al., 

2009; Galli et al., 2009), satellite and DInSAR data (Anzidei et al., 2009; Atzori et al., 2009; Cirella et al., 2009; 

Walters et al., 2009), the seismogenic source was the Paganica fault and the rupture involved also the 

Stabiata fault (Chiaraluce et al., 2011) (figs. 2.26-2.29). Although, with exception of 2009 event, in the Abruzzi 

region during past decades a weak seismic activity had been registered, with only three seismic swarms in 

1985 (Mw = 4.2), 1994 (Mw = 3.9) and 1996 (Mw = 4.1) as reported in the Italian Seismicity Catalogue 

(Castello et al., 2007). Historical data point out instead the occurrence of devastating events, with at least 

two of them - in 1461 and 1703 - reaching intensities up to X (INGV, 2022), associated with the Paganica-

Stabiata-Pettino fault system activity (Tertulliani et al., 2009) (fig. 2.28). 

The Paganica fault exhibited coseismic surface rupture, with dislocation of about 10 cm, for several 

kilometres (INGVςISPRA, 2009) and although the dislocation values were modest, this surface faulting 

phenomenon has caused several damages such as the rupture of the pipeline of the Gran Sasso aqueduct 

crossing at Paganica the fault scarplet (INGVςISPRA, 2009) (fig. 2.29). Besides widespread damages directly 



Project: 101061712 τ artEmis τ HORIZON-EURATOM-2021-NRT-01 document nr. D2.1 

 

 

 

33 

related to the ground shaking and local seismic effects have been registered, such as gravitational 

movements, mainly rock falls, ground settlements, cave collapse, soil liquefaction and hydrological anomalies 

(Adinolfi et al., 2012; Martelli et al., 2012). 

 

 

 

 

Figure 2.24: Map of the main historical earthquakes and active faults of L'Aquila area (the faults are all SW 

dipping and extensional type) (Working group MSςAQ, 2010). Fault system and faults: LMFS: Laga Mts.; 

CIFS, San Franco Mt. (to the west) and Campo Imperatore (to the east); UAFS: Upper Aterno R. valley (i.e., 

Marine Mt. and Pettino Mt.); PSDFS: Paganica-San Demetrio; MAFS: Middle Aterno R. valley; MMFS: 

Sulmona plain (Morrone Mt.); CFCFS: Campo Felice-Colle Cerasitto; OPFS: Ovindoli-Piano di Pezza; SBB: 

Fucino plain. The big divergent arrows show the direction of extension from GPS data (Carafa et al., 2020). 

The red star shows the instrumental hypocenter of L'Aquila April 6, 2009 earthquake. In red numbers show 

the dates of the associated significant earthquakes to the faults systems. Dotted lines indicate the 

mesoseismic area. In red colour also the PSDFS, responsible for 2009 [Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜΦ ¢ƘŜ ǘǊŀŎǘƻǊ 

symbol shows the faults investigated with paleoseismological trenchs (see in Galli et al., 2008 and 

references therein; sites 5, 6 and 11 were studied by Galli et al. 2010, the site 10 was analyzed by Gori et 

al., 2011) 
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Figure 2.25Υ CƻŎŀƭ ƳŜŎƘŀƴƛǎƳǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ нллф [Ω!ǉǳƛƭŀ ǎŜǉǳŜƴŎŜ ŀŎŎƻǊŘƛƴƎ ǘƻ w/a¢ ǎƻƭǳǘƛƻƴǎ 

associated with red dot on the map. Yellow dots denote low magnitude seismicity, whereas white ones 

indicate previous seismicity. Small focal mechanisms on the map show previously available solutions. In 

sections at the bottom, black dots denote events with M < 3, while yellow ones, M >= 3 and the beach balls 

denote RCMT solutions associated to red dots on map. On the upper left corner, the correlation between 

local magnitude (Ml) and moment magnitude (Mw), valid for the study area, is illustrated (Pondrelli et al., 

2010) 



Project: 101061712 τ artEmis τ HORIZON-EURATOM-2021-NRT-01 document nr. D2.1 

 

 

 

35 

 

Figure 2.26: Differential ƛƴǘŜǊŦŜǊƻƎǊŀƳǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ !ǇǊƛƭ сΣ нллф [Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜ (Atzori et al., 2009). 

(a) COSMO-SkyMed ascending, (b) Envisat ascending, (c) Envisat descending (with looking directions). Red 

star: mainshock of 6 April 2009: black line: Paganica fault accoǳƴǘŀōƭŜ ŦƻǊ [Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜΦ ¢ƘŜ 

concentric fringe pattern in the three interferograms shows that the ground moved away from the 

ǎŀǘŜƭƭƛǘŜǎΦ ¢ƘŜ ƳŀȄƛƳǳƳ ŘƛǎǇƭŀŎŜƳŜƴǘ ƻŎŎǳǊǎ ōŜǘǿŜŜƴ [Ω!ǉǳƛƭŀ ŀƴŘ Cƻǎǎŀ ǿƛǘƘ ǾŀƭǳŜǎ ƻŦ мф ŀƴŘ ну ŎƳ ŦƻǊ 

COSMO ascending and ENVISAT ascending and descending. This means that the hangingwall of the 

Paganica Ŧŀǳƭǘ όƛΦŜΦ ŀǊŜŀ ōŜǘǿŜŜƴ [Ω!ǉǳƛƭŀ ŀƴŘ Cƻǎǎŀύ dropped down of about 19-28 cm with the occurrence 

ƻŦ [Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜ 

 

Figure 2.27: GPS observed and modeled coseismic displŀŎŜƳŜƴǘǎ ƻŦ ǘƘŜ !ǇǊƛƭ сΣ нллфΣ aǿ сΦо [Ω!ǉǳƛƭŀ 

earthquake (Anzidei et al., 2009). Black and red vectors are the observed and predicted horizontal 

displacements, respectively. The green line is the surface faulting of Paganica fault from Falcucci et al. 

(2009) 
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Figure 2.28Υ {ŜƛǎƳƛŎ ǎŜǉǳŜƴŎŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ нллф [Ω!ǉǳƛƭŀ ŜǾŜƴǘ ŀƴŘ ƘƛǎǘƻǊƛŎŀƭ Ƴŀƛƴ ŜŀǊǘƘǉǳŀƪŜǎΣ ǿƛǘƘ the 

indication of the main active and/or mapped faults. Historical earthquakes are evidenced by red squares. 

Blue stars refer to events in 2009 sequence showing Mw>5. Small circles refer to: white ς previous 

seismicity, grey ς events from 2009 January to April, red ς April 6 to 9 (main shock near events), orange ς 9 

to 11 and yellow after April 11. Black lines denote mapped normal faults. The active normal faults 

associated with 2009 and historical earthquakes (Paganica-Stabiata-Pettino fault system) are indicated with 

their names. The lower diagram shows the cumulative released energy in Joule for this area (Pondrelli et 

al., 2010) 
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Figure 2.29: Interpretative section of Paganica fault and [Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜ ŀǊŜŀ ό²ƻǊƪƛƴƎ ƎǊƻǳǇ a{ςAQ, 

2010) which shows the ground deformation, as reconstructed by interpolating the interferometric fringes 

(Atzori et al., 2009) with pre- and post-earthquake ground levelling data. Notice the coseismic uplift of 4 cm 

in the footwall and the coseismic lowering of about 30 cm in the hangingwall. In colour, the deep electrical 

tomography (Piscitelli et al., 2009) highlights the lithotypes with different electrical resistivity. In red colour 

(brick symbol) the possible carbonate units of the geological substratum, in light blue the most electrically 

conductive units, presumably attributable to terrigenous lithologies and alluvial units located in depth and 

shallower, respectively. The inactive thrust faults are merely speculative. The red star and the black dotted 

area along the Paganica fault (SW dipping black line) refer to the mainshock and the aftershocks, 

respectively (Chiarabba et al., 2009) 
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3 Geology and seismotectonics of the Ionian Islands and Corinth Gulf 

(Greece) 

3.1 Geology of the central Ionian Islands and Corinth Gulf 

The late Cenozoic structural evolution of western Greece involved the shortening of Mesozoic passive 

continental margin and Cenozoic foreland basin sequences in a foreland propagating, foldςandςthrust 

system and superimposed neotectonic deformation related to the development of an active island arc 

(Underhill, 1989). The Ionian geological zone is considered to represent the external large Hellenides thrust 

sheets emplaced onto the Apulian autochthon as part of the latest Hellenides events. The western boundary 

of the Ionian zone is defined by a major thrust fault (the Ionian thrust), which is generally considered to 

represent the most external Hellenides structure. The thrust is well exposed in Kefalonia but is less distinct 

along strike, and its exact location to the south in Zakynthos and to the north in Lefkada, remains unclear. In 

southeast Kefalonia and its neighboring island, Ithaki, the boundary is marked by a distinct scarp formed 

where Mesozoic carbonates of the hanging wall lie next to easily eroded Miocene marls.  

The main structures are southwestςverging thrust faults of the Ionian limestone on to Miocene marls of 

Paxos zone of the Hellenides (Bornovas, 1964) from NE towards SW and a system of neotectonic faults. The 

NEςSW to NNEςSSW trending neotectonic main faults are normal faults with a significant rightςlateral 

component, while some minor faults NWςSE trending show leftςlateral character (Cushing, 1985; Pavlides et 

al., 2004; Rondoyanni et al., 2007). Typical normal faults are oriented ENEςWSW and NςS. By using 

morphotectonic criteria most of them can be considered as active or possibly active structures.  
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The study area belongs to the outermost limit zone where the units most recently involved in the 

convergence crop out. After the formation of the Pindos Thrust, being part of the Gavrovo±Tripolitza Zone 

and active until the Early Miocene, convergence has been taken up by the Ionian Thrust of the Ionian Zone 

over the preςApulian Zone. The Ionian Thrust is clearly expressed in the east of Cephalonia and Zante 

(Underhill, 1989). From Lefkas to the south, this thrust has been inactive since the Early Pliocene and the 

present convergence is taken up further west at sea by an active thrust front of the pre-Apulian domain over 

the marine basin of the Ionian Sea offshore Zante. During the Plio-Quaternary, the Ionian Islands have 

undergone a fast clockwise Paleomagnetic rotation of 258 (Kissel and Laj, 1988) and, from satellite-based 

geodesy, their instantaneous velocity with respect to Africa is measured to reach 30 mm/yr to the south-

southwest (Kahle et al., 1993). With respect to the 10 mm/yr north±south general convergence between 

stable Europe and Africa (Argus et al., 1989), this rate represents fast subduction and implies deformation of 

the upper plate. 

3.1.1 Geological setting of Lefkada Island 

Along the west coast, steep morphology is due to the offshore CTF and its onshore sub-parallel fault; the 

AthaniςDragano fault (Cushing, 1985; Rondoyanni et al., 2007, 2012). The latter one is a NNE-SSW striking 

fault forming a narrow elongated continental basin, very well expressed in the region's morphology and 

marked on satellite images and aerial photos. The AthaniςDragano fault seems to terminate to the north 

near Komilio village, forming a series of splay (normal) faults, striking NEςSW and its southern continuation 

is today eroded and presumed to be offshore to the west of the coast (Fig. 3.1). The fault zone was active 

from Late Pliocene to possibly Middle-Late Pleistocene (Cushing, 1985) but field examination during our post-

earthquake field campaign showed no clear evidence of a recent (Latest Pleistoceneς Holocene) re-activation 

(see Section 8). Recent (Holocene) activity and seismic behavior of the other neotectonic faults is unknown, 

due to lack of targeted research, such as trenching (Rondoyanni et al., 2007). 

In terms of geology, Lefkada is built with sedimentary rocks (mainly carbonates) that belong to the Ionian 

and Paxos (Pre-Apulian) zones of the External Hellenides (Bornovas, 1964; BP, 1971; Underhill, 1988). The 

boundary between the two different geological zones ς Ionian and Paxos (Fig. 1), runs in an approximate 

NW-SE direction through this region and outcrops onshore south-central Lefkada Island near Hortata village, 

in the form of a buried thrust fault by scree and late Quaternary deposits. The majority of the Paxos and 

Ionian formations comprise limestones, dolomites and Paleogene-Miocene marls and carbonates. Small 

outcrops of evaporates can be found inside the Ionian formations. Pleistocene and Holocene coastal deposits 

are extended in the northern edge of Lefkada, in the plain of Vassiliki and in the coastal plain of Nydri (Fig. 

3.1). A Pleistocene terrestrial series of sediments is found along the elongated Dragano Valley (Fig. 3.1), while 

red beds and terrestrial deposits are also found in individual karst depressions around the island. Large size 

scree and debris cones cover the western coast of Lefkada and the slopes of the northern Vassiliki valley 

(Bornovas, 1964; Cushing, 1985). 

Onshore Lefkada, many neotectonic faults striking NNE-SSW or EW, cross-cut the island (Lekkas et al., 2001; 

Papathanassiou et al., 2005). They are mainly normal or strike-slip faults with a sinistral sense of shear. It is 

not clear how many of these faults are active today so more geological field work is necessary. 
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Figure 3.1: Simplified geologic map of Lefkada Island and location of the study area (upper right), after 

Papathanassiou et al. (2021). Epicenters of the 2003 and 2015 earthquakes along Cephalonia Transform 

fault are shown with yellow stars. Faults marked with thick black lines. Geological formations and faults 

from Bornovas (1964) and Cushing (1985) 

 

3.1.2 Geological setting of Kefalonia Island 

Kefalonia comprises mainly (a) alpine formations that belong to Paxoi (Pre ς Apulian) and Ionian geotectonic 

units and (b) Plio ς Quaternary sediments that lie unconformably on the alpine basement (Renz, 1955; 

Aubouin, 1959; Aubouin and Dercourt, 1962; Georgiadou ς Dikaioula, 1967; BP Co 1971; BP Co et al., 1985; 

Stavropoulos, 1988; Underhil, 1989; Lekkas, 1996; Lekkas et al. 2001). The Ionian unit is the allochthonous 

tectonic nappe occurring along the eastern part of the island (Fig. 2). It consists of Triassic evaporitic series 

of gypsum beds and limestone breccia and JurassicςCretaceous thick-bedded limestones, red nodular 

limestones and slates without the flysch at the top of the sequence (Lekkas 1996; Lekkas et al. 2001) as 

known from mainland Greece. The western boundary of the Ionian unit is defined by the Ionian overthrust 

(IO in Fig. 3.2), which is the most external Hellenides structure. The Paxoi and Ionian formations are dissected 

by major thrust faults (Fig. 3.2). 
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The Plio-Quaternary sediments comprise the PlioceneςCalabrian series and the MiddleςUpper Pleistoceneς

Holocene formations (Lekkas 1996; Lekkas et al. 2001). The PlioceneςCalabrian series is a marine sequence 

observed in an uplifted coastal zone with width ranging from 2 to 10 km, particularly in the largest part of 

Argostoli peninsula and the eastern and southern part of Paliki peninsula (Fig. 3.2). It is developed 

transgressively over the Paxoi formations with thickness ranging from200 to 500 m. The lower part of the 

series is composed of conglomerates and breccia, limestones and calcarenites of Early Pliocene. The 

intermediate part consists of yellowish marls with siltstones, intercalations of sandstones, sands and 

conglomerates of MiddleςUpper Pliocene. The upper part contains marls with intercalations of sands and 

coarse calcarenites (BP Co 1971; Lekkas 1996; Lekkas et al. 2001). 

The MiddleςUpper PleistoceneςHolocene formations occur in many locations, mainly in Argostoli peninsula 

(Fig. 3.2). They are continental formations and are classified into slope breccia, Middle Pleistocene marine 

calcarenites, MindelςRiss interglacial deposits, Riss scree cones and Holocene deposits (Lekkas 1996; Lekkas 

et al. 2001). Recent formations are scattered in many sites. Red terrestrial clayey sands and coastal 

conglomerates as well as red calcareous crusts occur in Minia area and WSW of Skala area (Fig. D2.1.3.2). 

Scree and torrential fans cover the Pliocene formations along the western foot of Aenos Mt. Thin paleosoils 

cover many limestone slopes. Loose fine- and coarse-grained alluvial formations including sands, gravels and 

clays are observed in the narrow beaches and the wide valleys of the island. 

Kefalonia is divided into four major neotectonic macrostructures (Lekkas 1996; Lekkas et al. 2001):  

a. The Aenos Mt is located in the central and eastern part of the island (Fig. 3.2). It is bounded to the SW by 

the Aenos fault zone (AFZ in Fig. 3.2), to the NW by the KontogourataςAgonas fault (KAF in Fig. 3.2), to the 

ɿ9 ōȅ ǘƘŜ !Ǝƛŀ 9ŦƛƳƛŀ Ŧŀǳƭǘ ό!9C ƛƴ Cig. 3.2) and to the SE by the Paliokastro fault (PF in Fig. 3.2). Aenos Mt is 

characterized by considerable uplift (>1500 m) and remarkable incision from the Lower Pliocene to present 

(Sorel 1976; Lekkas 1996). The region around Aenos Mt is dominated by a major westςverging, asymmetric, 

NWςSE to NςS trending anticline. Its axis can be traced for more than 20 km from Myrtos in the north, where 

numerous mesoscale open folds represent its surface trace, to Markopoulo in the southeast. 

b. The Erissos peninsula is located in the northern part of the island (Fig. 3.2). It is bounded to the south by 

the Agia Efimia fault (AEF in Fig. 3.2) and is characterized by uplift and erosion. Since Pleistocene and after 

the deactivation of Agia Efimia fault, Erissos presents the same evolution with Aenos Mt. 

c. The Paliki peninsula is located in the western part of the island (Fig. 3.2). It is bounded to the west by the 

Cephalonia segment (CS in Fig. 3.2) of the KTFZ. The evolution of this macrostructure is defined by this active 

fault throughout the Plio-Pleistocene. This definition is expressed through strong uplift movements (<1000 

m) smaller than the Aenos Mt ones (Sorel 1976). Complex halotectonic dynamics control local vertical 

tectonic movements (Lagios et al. 2007; Hollenstein et al. 2008). 

d. The Argostoli peninsula is located southwest and south of the Aenos Mt (Fig. D2.1.3.2). It is bounded to 

the east and north by the Aenos fault zone (Fig. 3.2). Possible increased compression in Argostoli peninsula 

during Pleistocene resulted in shortening and development of back-thrust faults exclusively in this 

macrostructure. 
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Figure 3.2: Neotectonic map of Kefalonia Island (after Lekkas (1996), Lekkas et al. (2001) and Lekkas and 

Mavroulis (2015)). The morphotectonic macrostructures of Kefalonia are shown in the small map and are 

the following: (1) Aenos Mt., (2) Erissos peninsula, (3) Paliki peninsula and (4) Argostoli peninsula 

 

3.1.3 Geological setting of Corinth Gulf 

MesozoicςPalaeogene convergence of the African and Eurasian Plates created alpine mountain ranges on 

the northern Mediterranean margin, including thickened crust in the Aegean and a stack of NNW-trending 

nappes in mainland Greece (Aubouin et al. 1970; Jacobshagen et al. 1978; Pe-Piper & Piper 2002). The Ionian 

and Gavrovo-Tripolitsa nappes, remnants of the continental margin of the African promontory of Apulia, 
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underlie the Pindos nappe whose strata (including JurassicςCretaceous pelagic carbonates and Paleocene 

flysch) formed in one of the oceanic seaways of Neotethys bordering the Pelagonian microcontinent. The 

Hellenide orogen consumed ocean basins (Pindos and Vardar) in the Mesozoic and with their final closure, 

westward nappe stacking and major continent collisional uplift occurred in the early Tertiary (Aubouin et al. 

1970; Jacobshagen et al. 1978; Pe-Piper & Piper 2002). The Parnassos is a large shallow-water carbonate 

platform (upper Triassic through Cretaceous) unit that lies between the Pindos and Pelagonian nappes, with 

deeper slope facies in its lower thrust sheets (Papanikolaou et al. 2009; Papastamatiou & Tataris 1963). The 

generally NNW structural fabric of the Hellenic nappe stack is aligned ESE uniquely in the Parnassos, pre-

conditioning the structural grain of the basement of the central and eastern GoC (Fig. 3.3). 

 

Figure 3.3: Geologic and fault map of the Gulf of Corinth and surrounding areas compiled from Bell et al. 

(2008), Flotte et al. (2005), Ford et al. (2007), Jolivet et al. (2010), Skourlis & Doutsos (2003), Palyvos et al. 

(2010), Papanikolaou et al. (2009), Schwan (1978) and references therein. Offshore faults within the grid of 

EW0108 MCS data (thin black lines) and GoC sector boundaries (thick dashed black lines) are from this 

study. Topography contour interval is 1000 m and bathymetry contour interval is 200 m. Also shown are 

Dt{ ǾŜƭƻŎƛǘȅ ǾŜŎǘƻǊǎ ǿƛǘƘ ǳƴŎŜǊǘŀƛƴǘȅ ŜƭƭƛǇǎŜǎ ƛƴ ŀ ΨtŜƭƻǇƻƴƴŜǎǳǎ-ŦƛȄŜŘΩ ǊŜŦŜǊŜƴŎŜ ŦǊŀƳŜ ŦǊƻƳ !ǾŀƭƭƻƴŜ Ŝǘ ŀƭΦ 

(2004). Vertical white lines are the locations of the profiles shown in Fig. 14. AIG, Aigion fault; P-M, Pirgaki-

Mamousia fault; AKR, Akrata fault; DER, Derveni fault; GAL, Galaxidi fault; HEL, Heliki fault; KAP, Kaparelli 

fault; KIA, Kiato fault; KOR, Korombili fault; LOU, Loutraki fault; PER, Perahora fault; PSP, Psathopyrgos 

fault; S/NEF, S and N Eratini faults; SIT, Sithas fault; TSI, Tsivlos fault; VRA, Vrachonisida fault; WCF, West 

Channel Fault; XYL, Xylocastro fault; MB, Megara Basin; P, Phyllite-Quartzite unit, with white arrows 

depicting shear directions from stretching lineations (Jolivet et al. 2010) 
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A strong reduction in the absolute motion of Africa towards EurasiaḐ30 Ma, increasing retreat of the Tethyan 

slab (of which the Ionian Sea is an unsubducted remnant), and gravitational collapse of over thickened crust 

(Le Pichon et al. 1995) resulted in extension of the upper (Eurasian) plate and produced primarily arc-parallel 

basins in the Aegean until late Miocene time (Mercier et al. 1989; Jolivet & Faccenna 2000; Jolivet et al. 2010). 

This backarc-style extension was reorganized in the Pliocene associated with the SW propagation of the 

Northern Anatolian Fault into the Aegean at Ḑ2ς3 Ma (Taymaz et al. 1991), faster slab roll-back, re-activation 

of some segments of the earlier formed rift zones (Armijo et al. 1996), and creation of new rift zones in 

central Greece and western Anatolia (Papanikolaou & Royden 2007). Global Positioning System (GPS) 

measurements reveal that the former pattern of regional Aegean extension has been replaced with coherent 

motion of the central and southern Aegean towards the SW at 30 ± 1 mm yrς1 relative to Eurasia (McClusky 

et al. 2000). 

Present-day Aegean deformation is associated dominantly with the relative motions of four microplates 

(Aegean, Central Greece, South Marmara and Anatolia) plus some straining in isolated zones internal to them, 

notably in the SE Aegean and southern Peloponnesus forearcs (Nyst & Thatcher 2004). In detail, the 

microplate motions are more complex than can be produced by simple models that combine slab roll-back, 

Northern Anatolian Fault propagation, and crustal collapse; note the roll-back-bounding Kefalonia Transform 

Fault terminating in the Central Greece microplate, for example. Although the continental deformation is 

concentrated on the microplate boundaries, some of these remain poorly defined by active faults, 

particularly the northern and eastern boundaries of the Central Greece microplate (Goldsworthy et al. 2002). 

In contrast, the southern boundary of the Central Greece microplate is precisely the GoC rift, where geodetic 

data show that the active extension is focused offshore. GPS stations on the northern Peloponnesus are not 

moving relative to one another, whereas the displacement rate of stations north of the GoC in central Greece 

increases from 11 mm yrς1 adjacent Xylocastro to 16 mm yrς1 adjacent Aigion, both along N005ˇE (Briole et 

al. 2000; Avallone et al. 2004), consistent with the rotation derived by Nyst & Thatcher (2004). On the 

Peloponnesus, only the three GPS stations located north of the southern GoC border faults west of Aigion 

share in the relative displacement, meaning that motion on the other northern Peloponnesus normal faults 

(Doutsos & Piper 1990; Armijo et al. 1996; Ghisetti & Vezzani 2004; Ghisetti & Vezzani 2005) has ceased or is 

below detection (<1 mm yr-1; Avallone et al. 2004). In contrast to these fast rates at present, GoC extension 

of 2ς4 mm yr-1 has been estimated from geological data averaged over late Quaternary times (Westaway 

2002). 

3.2 Seismotectonics of the central Ionian Islands and Corinth Gulf 

3.2.1 Seismotectonics of central Ionian Islands 

The Aegean region is one of the most active tectonic regions of the AlpineςHimalayan belt, with its most 

prominent tectonic feature the subduction of the eastern Mediterranean oceanic floor beneath the Aegean 

microplate, which starts south of Kefalonia Island, forms the Hellenic Arc (Papazachos and Comninakis, 1971) 

(Fig. 3.4a). The active deformation rates and seismic activity is very high throughout the arc, which is 

dominated by thrust faulting with a NEςSW direction of the axis of maximum compression. Continental 

collision takes place between the Adriatic microplate and the mainland of Greece (Outer Hellenides), a part 

of the Eurasian lithosphere. A belt of thrust faulting, with a NEςSW direction of the axis of maximum 

compression, runs along the eastern coastline of Adriatic Sea, along the southwestern coasts of former 

Yugoslavia and continues south along the coastal regions of Albania and northwestern Greece, and 

terminates just north of the Lefkada Island (Fig. 3.4a). The direction of the maximum compression axis is 

almost normal to the direction of the AdriaticoςIonian geological Zone.  
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Between continental collision to the north and oceanic subduction to the south, in the area of central Ionian 

Islands, dextral strikeςslip faulting is observed (Scordilis et al., 1985), in agreement with the known relative 

motion of the Aegean and eastern Mediterranean (Fig. 3.4b). Scordilis et al. (1985) used first onsets of long 

period waves for the strong 1983 Kefalonia earthquake (17.1.1983, M=7.0) and for its larger aftershock 

(23.3.1983, M=6.2) as well as the spatial distribution of aftershocks to determine their focal properties. They 

found that this is a dextral strikeςslip fault with a thrust component and that this fault strikes in a SWςNE 

direction and dips to SE (Fig. 3.5). The mainly strikeςslip motion of the Kefalonia fault was confirmed by 

waveform modeling for the 1983 earthquake by Kiratzi and Langston (1991) and for the 17 September 1972 

(M=6.3) earthquake by Papadimitriou (1993). The area of central Ionian Islands has attracted the interest of 

various researchers since it accommodates the highest seismicity in western Eurasian area, being a key 

structure from the seismotectonic point of view. Waveform modeling was performed by several investigators 

to study the large earthquakes that occurred in this area (Kiratzi and Langston, 1991; Papadimitriou, 1993; 

Baker et al., 1997). 

 

 

Figure 3.4: (a) Main seismotectonic features dominating the Greek region. The black arrows indicate the 

approximate direction of relative plate motion (KTFZ ς Kefalonia Transform Fault Zone, NAT ς North 

Aegean Trough, RTF ς Rhodes Transform Fault). (b) Major active boundaries in the study area. The 

subduction front to the south, the KTFZ with the distinctive Kefalonia and Lefkada segments (KS and LS) and 

the collision boundary north of Lefkas Island. The black beach balls indicate the fault plane solutions of the 

most ǎƛƎƴƛŦƛŎŀƴǘ όa җ сΦлύ ǊŜŎŜƴǘ ŜŀǊǘƘǉǳŀƪŜǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ ¢ƘŜ ǊŜŘ ōŜŀŎƘ ōŀƭƭǎ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ 

focal mechanisms for the LS and KS according to Papazachos et al. (1998) 
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Figure 3.5: Main active boundaries in the study area. The dextral strike slip Kefalonia Transform Fault (KTF) 

is traced, the collision front to the north and the subduction front to the south. The most reliable available 

fault plane solutions of the stronger (M>6.0) earthquakes that occurred in the area in the last five decades 

are shown as lower hemisphere equal area projections. The hexagons show the locations of the 

seismological stations, recordings of which have been used for the seismicity relocation (red color the ones 

running by the Geophysics Department of the Aristotle University of Thessaloniki, green color from other 

Institutions participating in the Hellenic Unified Seismological Network) 

 

Papazachos et al. (1998) used the most reliable fault plane solutions to investigate active tectonics in the 

broader Aegean region. The similarity of fault plane solutions (FPS) led to the identification of spatial clusters, 

for each one of them the mean fault plane solution was determined. The average value of the FPS for 

Kefalonia Island has a strike of 33o, dip of 56o and rake of 163o, while these values for Lefkada Island are 11o, 
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60o and 165oΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ [ƻǳǾŀǊƛ Ŝǘ ŀƭΦ όмфффύ ŎƻƳǇǳǘŜŘ ŀ ΨǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŦƻŎŀƭ ƳŜŎƘŀƴƛǎƳΩ ŦƻǊ ŜŀŎƘ Ŧŀǳƭǘ 

ǎŜƎƳŜƴǘ ƻōǘŀƛƴŜŘ ŦǊƻƳ ƭŀǊƎŜ ŜǾŜƴǘǎ ŀƴŘ ŎƻƳǇŀǊŜŘ ƛǘ ǿƛǘƘ ǘƘŜ ΨǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŦƻŎŀƭ ƳŜŎƘŀƴƛǎƳΩ ƻōǘŀƛƴŜŘ ōȅ 

microearthquakes. The representative focal mechanism for 23 microearthquakes in Lefkada segment has a 

strike of 14o, dip of 65o and rake of 167o. The epicenters of these 23 events, which are accurately determined, 

define a line for which tƘŜ ƭŜŀǎǘ ǎǉǳŀǊŜǎΩ Ŧƛǘ ƎƛǾŜǎ ŀƴ ŀȊƛƳǳǘƘ ƻŦ bмуoE. This typical focal mechanism solution 

is in good agreement with the computed focal mechanism of February 25, 1994 (M5.5) event, which is the 

only strong earthquake for which such solution is available for Lefkada segment. The representative focal 

mechanism computed by the same authors for the Kefalonia segment, based on solutions determined only 

by waveform modeling, and has a strike of 38o, dip of 63o and rake of 172o. 

3.2.2 Seismotectonics of Corinth Gulf 

The most significant geodynamic feature of the Aegean region, as mentioned above, i.e. the subduction of 

the eastern Mediterranean oceanic crust under the Aegean microplate along the Hellenic Arc (Papazachos 

and Comninakis, 1971) lasts for the last 13 Myr. The back arc Aegean region undergoes fast extension rates 

(up to ~40 mm yr-1) due to the slab rollback (LePichon and Angelier, 1979) and the southwesterly motion that 

resulted from the westward motion of the Anatolia microplate along the North Anatolian Fault (NAF) into 

the Aegean (McKenzie, 1978). The southwestward propagating tip of the southern branch of the NAF into 

the Aegean modified the early slow extension about 5 Myr ago, with the younger faulting in Corinth gulf 

appearing in its process zone (Armijo et al., 1996). The deformation is intensified along the active boundaries 

(Hellenic Arc, KTFZ, NAT) and major fault zones, as for example our area where we are interested in 

investigating in the course of the current project, which is denoted by the yellow rectangle in Figure 6, 

manifested by the associated seismicity that is concentrated across them (Fig. 3.6). 

The Corinth rift, is a 130 km long asymmetric graben, and is bounded along its southern shoreline by normal 

faults that exhibit slip rates of up to 11+3 mm yr-1 over the last 350 kyr (Armijo et al., 1996), a rate almost 10 

times higher than in other areas of the Aegean region and worldwide. Destructive earthquakes that have 

occurred in the last few decades in the western Corinth gulf include the 1992 (Ms=5.9) Galaxidi (Hatzfeld et 

al., 1996), the 1994 (Ms=5.4) Patras (Karakostas et al., 1994), and the 1995 (Ms=6.2) Aigion (Bernard et al., 

1997) earthquakes. Historical information testifies the occurrence of several M>6.0 earthquakes (Papazachos 

and Papazachou, 2003; Ambraseys, 2009). 

Normal faults with overall north dips control the south coast of the Gulf of Corinth and govern presentςday 

extension in the Corinth Rift (Doutsos and Piper, 1990). Rift border faults arranged in enςŞchelon segments 

~10ς25 kmςlong have a ~130 km cumulative length and alongςrift strikes that vary from NEςSW to ENEς

WSW in the easternmost rift to WNWςESE to EςW in the central and west rift (Fig. 3.7). The faults that seem 

to be seismically active are the northςdipping ones, with an average strike of N90ς105oE as the reliably 

determined focal mechanisms indicate. The fault planes undergoing the NςS extension, get a northward dip 

of about 50o near the surface and 10ς25o at the bottom of the seismogenic layer and a steep southςdipping 

plane (Hatzfeld et al., 1996; Bernard et al., 1997; Baker et al., 1997). This is also the case for microearthquake 

mechanisms (Hatzfeld et al., 2000; Rigo et al., 1996). Major offshore faults are not evidenced from seismic 

and bathymetry investigations (Sachpazi et al., 2003). Only few south dipping structures seem exhibiting 

appreciable activity, with a documented case being the 1909 (Ms=6.2) Fokis earthquake (Ambraseys and 

Jackson, 1990). Lambotte et al. (2014) define a transition zone as a geomorphological structure that 

constitutes the eastern boundary of the western Corinth gulf seismicity. This zone seems to delimit the 

activity in our case as well. The nature of this structure is not yet fully understood, but it has the same 

orientation as the Hellenic nappes (e.g. Jolivet et al., 2010). Lambotte et al. (2014) suggest it may be 

controlled by inherited structures from these nappes.  
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Figure 3.6: aŀƛƴ ǎǘǊǳŎǘǳǊŜǎΣ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊǘƘǉǳŀƪŜǎ ǿƛǘƘ aҗрΦл ǎƛƴŎŜ мфммΣ ŀƴŘ ŀǾŀƛƭŀōƭŜ 

focal mechanisms during the last five decades. The arrows indicate the different relative plate motion 

(convergence, strikeςslip, and extensional). The yellow rectangle encloses the area under interest. KTFZ: 

Kefalonia Transform Fault Zone, NAT: North Aegean Trough 
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Figure 3.7: Seismotectonic features of the Corinth gulf area with the known major active fault segments 

bounding the southern coastline (traced by the black lines). Fault plane solutions of M>5.0 earthquakes are 

shown as equal area lower hemisphere projections. Seismicity plotted in this map includes all known M>6.0 

earthquakes (historical and instrumental, yellow stars), 5.0<M<6.0 earthquakes since 1950 (red circles), 

4.0<M<5.0 earthquakes since 2000 (green circles), 3.0<M<4.0 earthquakes since 2008 (green circles), and 

lower magnitude seismicity since 2008 (smaller open circles) 
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