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Executive summary 
The Alfeo Fault System (AFS; Figure 1) was recently proposed to be the actual lateral termination of 

the Calabrian Arc slab (Gutscher et al., 2017; Maesano et al., 2017, 2020). The AFS was previously 

identified by high-resolution seismic surveys by Polonia et al. (2011, 2016), Gallais et al. (2013), and 

Gutscher et al. (2016), who characterized with great detail its shallow structural features. Then, 

Maesano et al. (2020) explored and characterized the deep-seated portion of the AFS and concluded 

that it represents the major lithospheric tear in the area and that it is mechanically decoupled from 

the AFS shallow features. 

The Ionian Sea is a region that was affected by several local earthquakes and tsunamis in the past 

(Maramai et al., 2014; Guidoboni et al., 2019; Rovida et al., 2019, 2020). Several potential crustal fault 

sources and the Calabrian subduction interface contributing to the tsunami hazard in the region have 

already been investigated (Basili et al., 2013, 2019; Selva et al., 2016; Scala et al., 2020; Tonini et al., 

2020) and we question now whether the deep-seated AFS could represent an additional potential 

source for earthquake-generated tsunamis in the region. The purpose of this study is to verify through 

numerical tsunami simulations if a hypothetical earthquake rupture on the AFS could generate a 

significant tsunami. 

As a term of comparison for our analysis, we adopt the tsunami modeled by Argnani et al. (2012), 

which is one of the latest attempts at identifying the source of the 1693 tsunami, a task that is also 

being tackled by many other authors (Piatanesi and Tinti, 1998; Tinti et al., 2001; Gutscher et al., 2006; 

Pirrotta and Barbano, 2020). To this end, we model an earthquake rupture of the same moment 

magnitude and, likewise, use a homogeneous slip distribution. 

The results of the simulations presented in this report confirm that a hypothetical earthquake rupture 

on the AFS can produce a tsunami with wave amplitudes in the same order of magnitude as that of 

the tsunami simulated by Argnani et al. (2012) at several sites on the coastlines of the Ionian Sea. 

Important notice: the analysis presented here is not intended to reproduce the 1693 tsunami nor to 

propose the AFS as a candidate source for that earthquake and/or tsunami. 

Fault sources and earthquake ruptures 
The fault sources in this analysis are shown in Figure 1, and the parameters of the earthquake ruptures 

are reported in Table 1. We adopt planar rectangular earthquake sources with the seismic parameters 

set by Argnani et al. (2012). Length, width, slip, and rake are all the same, whereas the main 

differences between the two earthquake rupture sources are their location, strike, dip, and depth. The 

small strike deviations introduced in the Argnani et al. (2012) model are not considered here. The 

seafloor displacement, which is the first input to the tsunami simulation, is approximated as the results 

of an instantaneous rupture. Figure 2 shows a profile oriented SW-NE for easy comparison of the effect 

on the displacement due to the dip and depth differences of the two ruptures. The displacement 

profile is sampled on a line through the rupture center and orthogonal to its strike, then projected 

onto the topographic profile. The combined effect of dip and depth induced significant footwall uplift 

in the ALF and combined hanging wall subsidence and uplift in the MEF.  

https://www.zotero.org/google-docs/?nKIyxN
https://www.zotero.org/google-docs/?tX5bY8
https://www.zotero.org/google-docs/?ciBoa3
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https://www.zotero.org/google-docs/?7OuPjf
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https://www.zotero.org/google-docs/?Fssl9b
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https://www.zotero.org/google-docs/?3YdAY1
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Figure 1. Map of the study area showing the Calabrian slab contours (interval 1 km, max 100 km) 

(Maesano et al., 2017), the Alfeo Fault System and Tindari-Taormina Fault (Maesano et al., 2020), the 

Augusta Fault (Argnani et al., 2012), and the location of the points of interest where tsunami time 

histories have been saved. Earthquake rupture parameters are listed in Table 1. The profile (SW-NE 

grey line across faults) is shown in Figure 2) 

Table 1. Parameters of the two earthquake rupture scenarios. Longitude, latitude, and depth (columns 

Lon C, Lat C, Depth C) are the position of the earthquake rupture center. 

ID 
Lon C 

(°) 

Lat C 

(°) 

Depth C 

(km) 

L 

(km) 

W 

(km) 

Strike 

(°) 

Dip 

(°) 

Rake 

(°) 

Slip 

(m) 

MEF 15.401 37.279 6.9 28.5 16.5 340 28 270 5 

ALF 15.659 37.096 13.9 28.5 16.5 320 72.5 270 5 

https://www.zotero.org/google-docs/?wKp9Bp
https://www.zotero.org/google-docs/?5t28Mf
https://www.zotero.org/google-docs/?Uqw5I7
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Figure 2. SW-NE profile, from southern Sicily into the Ionian offshore (see Figure 1 for location), crossing 

almost orthogonally the two earthquake ruptures (bottom). The seafloor (local surface) displacement 

in the middle of each earthquake rupture is projected onto the profile (top) for comparing the 

differences that, in this view, depend on dip and depth of the earthquake rupture, being all other 

parameters equal. 

Tsunami scenarios 
The numerical tsunami propagation simulations were done using the Tsunami-HySEA, a nonlinear 

hydrostatic shallow-water multi-GPU code based on a finite-volume method (de la Asunción et al., 

2013; Macías et al., 2017), on a 30 arc-sec topo-bathymetric model (Becker et al., 2009). The initial 

sea-level elevation was obtained by modeling the elastic dislocation on rectangular faults using 

Okada's code (Okada, 1985). A Kajiura-like filter for the sea bottom–water surface transfer of the 

dislocation was also applied (Kajiura, 1963), using an average water depth value of 2.5 km. The 

simulation length was fixed at 2 hours, and time series of the tsunami wave amplitude were stored 

each 30 sec on a set of points along the coastline of eastern Sicily (see Figure 1).  

Figure 3 shows the maximum wave height for the two tsunami scenarios in a portion of the simulation 

domain, whereas Figure 4 shows the maximum and minimum tsunami amplitudes, retrieved from 

time series, at the selected points of interest (see Figure 1 for location). The tsunami time series at 

selected locations in the near-field and far-field are shown in Figure 5 and Figure 6, respectively. 

https://www.zotero.org/google-docs/?qMzb3f
https://www.zotero.org/google-docs/?qMzb3f
https://www.zotero.org/google-docs/?uk9GC9
https://www.zotero.org/google-docs/?JoySuN
https://www.zotero.org/google-docs/?H3Sx0P
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Figure 3. Map of the maximum wave height (m) for the two tsunami scenarios. MEF (left), ALF (right). 

 
Figure 4. Maximum (Amax) and minimum (Amin) wave amplitudes calculated for the two earthquake 

rupture scenarios on the coastline of eastern Sicily. The location of the points of interest is shown in 

Figure 1. 

The two tsunami scenarios yield comparable wave amplitudes both in the near- and the far-field of 

the source, with slightly higher peaks for the MEF source in the near-field. The main noticeable 

difference between the two scenarios is the opposite polarity of the first wave arrival. This difference 

can clearly be attributed to the effect of the MEF and ALF different dip angles that determine different 

subsidence and uplift patterns (Figure 2). 
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Figure 5. Mareograms recorded at two selected POIs (P08 and P16) on the coast of eastern Sicily (see 

Figure 1 for location) for the two earthquake rupture scenarios. 

 
Figure 6. Mareograms recorded at two selected POIs (P26 and P28) on the coast of Calabria (top) and 

Puglia (bottom) (see Figure 1 for location) for the two earthquake rupture scenarios. 
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