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Abstract - The offshore western Sicily region is located at the active Africa-Eurasia plate boundary, between 11 

the southern Tyrrhenian backarc basin and the African continental margin, where tectonic processes make 12 

this sector prone to strong earthquakes and tsunamis. In the area, positive inversion structures have been 13 

documented due to a contractional reactivation of pre-existing normal faults. However, a detailed 14 

geological study of the inversion features addressing the structural inheritance, timing, regional tectonic 15 

framework and the geodynamic significance is still absent. The comprehensive interpretation of 16 

multichannel seismic grid, calibrated by dredges, deep well logs and onshore geology, documents a great 17 

variability of the inversion tectonics structures during the Quaternary. . We characterize different fault and 18 

fold families, unravelling the basin architecture, and providing a new tectonic scenario for the region. The 19 

role of the inversion tectonics in the recent tectonic frame of the study area has been investigated. The 20 

development of the Quaternary inversion structures occurred within a complex structural pattern of faults 21 

characterised by E-W strike-slip faults, en-échelon folds, and negative flower structures. All the recognized 22 

structures are compatible with a dextral wrench zone that developed along the plate boundary offshore 23 

western Sicily. In this frame, the pre-existing normal faults represent important crustal discontinuities for 24 

the development of the new generated structures; furthermore, the inversion structures developed in 25 

agreement with the new structural frame growing in correspondence with the pre-existing normal faults. 26 

This tectonic frame furnishes new geologic constraints for the Recent geodynamic evolution of a key area 27 

of the Central Mediterranean. We attempted to reconstruct the link between the complex tectonic 28 

evolution of the upper crust and the development of the subducting slab to unravel the possible triggering 29 

factors responsible for these crustal deformations. 30 
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Résumé ς Inversion tectonique positive de la marge occidentale de la Sicile : implications géodynamiques 34 

pour le secteur central de la frontière entre les plaques africaine et eurasienne. La région offshore de la 35 

Sicile occidentale est située à la limite active des plaques Afrique-Eurasie, entre le bassin de l'arrière-arc 36 

tyrrhénien méridional et la marge continentale africaine, où les processus tectoniques rendent ce secteur 37 
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sujet à de forts tremblements de terre et à des tsunamis. Dans la région, des structures d'inversion 38 

positives ont été documentées, dues à une réactivation contractionnelle de failles normales préexistantes. 39 

Cependant, une étude géologique détaillée des caractéristiques d'inversion portant sur l'héritage 40 

structurel, la chronologie, le cadre tectonique régional et la signification géodynamique fait toujours 41 

défaut. L'interprétation complète de la grille sismique multicanaux, calibrée à l'aide de dragages, de 42 

diagraphies de puits profonds et de données géologiques terrestres, documente une grande variabilité des 43 

structures tectoniques d'inversion au cours du Quaternaire. Nous caractérisons différentes familles de 44 

failles et de plis, dévoilant l'architecture du bassin et fournissant un nouveau scénario tectonique pour la 45 

région. Le rôle de la tectonique d'inversion dans le cadre tectonique récent de la zone d'étude a été étudié. 46 

Le développement des structures d'inversion du Quaternaire s'est produit dans un schéma structurel 47 

complexe de failles caractérisé par des failles de décrochement est-ouest, des plis en échelon et des 48 

structures en fleur négatives. Toutes les structures reconnues sont compatibles avec une zone de 49 

cisaillement dextre qui s'est développée le long de la limite de plaque au large de la Sicile occidentale. Dans 50 

ce cadre, les failles normales préexistantes représentent des discontinuités crustales importantes pour le 51 

développement des nouvelles structures générées ; en outre, les structures d'inversion se sont 52 

développées en accord avec le nouveau cadre structural qui s'est développé en correspondance avec les 53 

failles normales préexistantes. Ce cadre tectonique fournit de nouvelles contraintes géologiques pour 54 

l'évolution géodynamique récente d'une zone clé de la Méditerranée centrale. Nous avons tenté de 55 

reconstruire le lien entre l'évolution tectonique complexe de la croûte supérieure et le développement de 56 

la plaque subductrice afin d'élucider les facteurs déclencheurs possibles responsables de ces déformations 57 

crustales. 58 

 59 

Mots-clés: Inversion tectonique / Faille de décrochement / frontière des plaques / profils sismiques / au 60 

large de la Sicile occidentale / Méditerranée centrale 61 

 62 

1 Introduction 63 

The convergent plate boundaries are the most complex regions on Earth, and their geological study results 64 

are societally relevant: these zones provide critical natural resources but can also generate large 65 

earthquakes and tsunamis. A comprehensive analysis of the tectonic structures greatly contributes to the 66 

kinematic reconstruction of the plates interactions. The tectonic evolution at plate boundaries is 67 

characterised by polyphase deformation, and structural inheritance plays a significant role in the 68 

development of subsequent structures through the reactivation of pre-existing faults (Butler et al., 2006; 69 

Tavarnelli et al., 2019; Tari et al., 2023). In particular, tectonic inversion of extensional sedimentary basins 70 

wascan be associated with mechanisms such as far-field stresses (linked to ocean opening ridge-push or 71 

orogenic collisions), changes in plate motion, and others (Ziegler et al. 1995; Bezerra et al., 2023). 72 
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Worldscale examples of seismically active inversion provinces feature damaging earthquakes M < 7.8 73 

(Sibson and Ghisetti, 2018). Experimental studies of basin inversion suggest that the obliquity angle 74 

a between the direction of maximum compressive horizontal stress (ů1) and the strike of the pre-existing 75 

normal fault firmly controls the development of compressive structures (Koopman et al., 1987; Yamada and 76 

Mc Clay, 2003; Del Ventisette et al., 2006; Jagger and McClay, 2018). These experiments have invariably 77 

shown that the extensional faults are reactivated during shortening, regardless of the angle a value. 78 

Whereas strike-slip reactivation of major normal faults is favoured by low obliquity angles a, mostly dip-slip 79 

reactivation of pre-existing structures is instead promoted at high obliquity angles. Only a few studies 80 

suggest a direct link between strike-slip faulting and basin inversion (e.g. Martínez-García et al., 2013; Liang 81 

et al., 2020; Soumaya et al., 2020). 82 

The geological evolution of the central and western Mediterranean region is classically interpreted in the 83 

framework of plate tectonics theory with subduction mostly accommodated by slab rollback and trench 84 

retreat and an overriding plate accommodated by extension and spreading (e.g. Wortel and Spakman, 85 

2000; Faccenna et al., 2004; Jolivet et al., 2009; Milia et al., 2017a, 2017b, 2017c; Schellart, 2024). The 86 

evolution of the subduction system can be divided into two periods. One between ~30-16 Ma, in the 87 

western Mediterranean, when the Liguro-Provençal basin, the Valencia trough and the western Algerian 88 

basin (Maillard and Mauffret, 1999; Bouyahiaoui et al., 2015; Leprêtre et al., 2018; Soto et al., 2022) 89 

opened contemporaneously as backarc basins migrating to the south-southeast. This period is ascribed to 90 

an initial upper mantle free-sinking phase of the slab. At 16 Ma the evolution is interrupted by a time 91 

interval characterized by regional compressional tectonics that produced the continental collision on the 92 

north African margin (Roure et al., 2012; Leprêtre et al., 2018).  A second period between ~13-0 Ma, led to 93 

the opening of the Tyrrhenian Sea (Fig. 1). It begins with the forearc extension (13-7 Ma; Milia and 94 

Torrente, 2014) and successively with backarc and forearc extension and a rapid increase in the extension 95 

rate (7-5 Ma; Milia et al., 2017a) and finally with a back arc extension that migrated toward the East (5- 1 96 

Ma; Milia et al., 2017b). Over the last 1 Ma, the backarc evolution migrated toward the Southeast (Milia et 97 

al., 2017c, 2017d). This second period probably follows the slab tip-660 km discontinuity interaction. 98 

There is uncertainty on the crustal deformation features at the boundary between Africa continental 99 

margin and the southern Tyrrhenian Sea. Indeed, the region, located between the southern Tyrrhenian 100 

extensional basin and the Maghrebian chain, has been interpreted as a post-collisional transform margin 101 

(Wortel et al., 2009); or a trascurrent margin on the base of E-W dextral faults that affect the Sicily thrust 102 

belt (Ghisetti and Vezzani, 1984; Catalano et al., 2018); or as a convergent margin, based on the recognition 103 

of focal thrust fault type mechanisms (Goes et al., 2004, Pondrelli et al., 2006; Soumaya et al., 2015, Scarfì 104 

et al., 2020). 105 

Positive inversion structures have long been reported offshore western Sicily, between Africa continental 106 

margin and the Southern Tyrrhenian Sea (e.g. Catalano and Milia, 1990). However, there are still some 107 



4 
 

subjects of debate among the scientific community about their geometry and extension, their timing, and 108 

the tectonic/geodynamic processes responsible of inversion. 109 

The research was conducted based on the interpretation of multichannel seismic grid calibrated by 110 

dredges, deep well borehole logs and onshore geology, using a dedicated GIS software. The main scientific 111 

questions addressed in the course of the research will follow. What is the role of the pattern of pre-existing 112 

normal faults on the development of positive inversion structures? What is the degree of inversion and the 113 

inversion style (thin-skin or thick-skin) of the offshore Sicily structures? Can the reconstructed structural 114 

pattern (folds, strike-slip faults, normal faults, flower structures, inverted normal faults) be associated to 115 

the activity of a wrench zone? Are the recognized middle Pleistocene inversion structures compatible with 116 

the thrust focal mechanism of earthquakes with M<6 located north of Sicily? 117 

The goal of this research is to investigate the inversion structures from local to regional, to infer possible 118 

lithospheric processes. The results of this research provide some answers to the open questions: positive 119 

inversion structures present different degrees of deformation (from mild to total inversion), show both 120 

thin-skin and thick-skin tectonic styles, and are characterized by different trends; the western Sicily fault 121 

system corresponds to an array of structures (strike-slip faults, flower structures, folds and thrusts, and 122 

normal faults) that formed within an E-W dextral wrench zone. 123 

 124 

2 Regional Structural Framework and recent tectonics 125 

Despite numerous studies, the tectonic evolution of the Africa-Eurasia plate boundary is unclear. 126 

Tomographic seismic models of the upper mantle in the Mediterranean document plate boundary 127 

segments characterized by slab detachment but the kinematics of the slab detachment results controversial 128 

(Carminati et al., 1998; Wortel and Spakman, 2000; Wortel et al., 2009; Martínez-García et al., 2013; Soto 129 

et al., 2022). The Moho depth map of the European plate (Grad et al., 2009) reveals that an important 130 

transition zone lies at the southern plate boundary in the central Mediterranean, between the Tyrrhenian 131 

backarc basin, with only few kilometers of crustal thickness (Milia et al., 2017b) and the >30 km thick crust 132 

of the Sicilian fold-and-thrust belt (Fig. 1). Seismic tomographic images from the UU-07 tomographic model 133 

(Amaru, 2007; van der Meer et al., 2010) show a disconnected slab along the North African margin, 134 

characterized by three slab segments below the Alboran, Kabylies and Calabria regions. P-wave 135 

tomographic data furthermore document that a northward dipping lithospheric slab is absent underneath 136 

Sicily (Carminati et al., 1998; Wortel and Spakman, 2000; Faccenna et al., 2004; van Hinsbergen et al., 137 

2014). 138 

Offshore western Sicily the NNE-trending Maghrebide thrust belt and foredeep developed until the 139 

Tortonian time associated with the eastwards retreat of the Tethyan-Ionian slab, whereas during Messinian 140 

the area was subjected to tectonic quiescence and became a region of uplift and erosion (Milia et al., 2021; 141 

Milia and Torrente, 2022). Plio-Quaternary rift basins are superposed on the Maghrebides thrust belt from 142 
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the northern continental margin of Sicily to the south of the Egadi Islands (Beccaluva et al., 1984; Catalano 143 

et al., 1985; Compagnoni et al., 1989)(Fig. 1). These basins are controlled by N-S and NW-SE normal faults 144 

and are filled by a Plio-Quaternary sedimentary succession with a thickness greater than 2 km (Milia et al., 145 

2021). Finally, based on different onset of the basin fill, the extensional processes in the Southern 146 

Tyrrhenian margin migrated eastwards from Pliocene to Pleistocene times (Fig. 1; Milia et al., 2021), to the 147 

Present in the easternmost area (Scarfì et al., 2020). 148 

The Pliocene-lower Pleistocene rifting areas of Tunisia, and offshore Sicily have been affected by positive 149 

inversion tectonics and the formation of younger contractional structures with Lower-Middle Pleistocene 150 

ages (Sites 1-6 in Fig.1; Catalano and Milia, 1990; Kherroubi et al., 2009; Tondi et al., 2012; Camafort et al., 151 

2020; Sulli et al., 2021). Other regional folds younger than 1 Ma have been mapped in the easternmost 152 

Algerian Sea and Sardinia Channel using seismic reflection profiles (sites 1-2-6 of Fig. 1; Catalano and Milia, 153 

1990; Kherroubi et al., 2009; Camafort et al., 2020). Zitellini et al. (2019) finally proposed a recent 154 

compressional reorganization of whole Tyrrhenian backarc basin, but this work is based on scattered 155 

examples of deformed Quaternary deposits outside their specific geological context and, furthermore, lacks 156 

a coherent structural model. 157 

Significant E-W dextral strike-slip faults (Fig. 1) have been reported from Morocco to Tunisia in North Africa 158 

(Soumaya et al., 2018, 2020 and reference therein) and Sicily (Ghisetti and Vezzani, 1984; Catalano et al., 159 

2018). These structures in Maghreb region were active during Tertiary, Quaternary and are presently 160 

active, as illustrated by earthquakes with right focal mechanisms (Soumaya et al., 2018, 2020; Billi et al., 161 

2023). In Sicily, the authors reported the, 300 km long, Mt Kumeta-Alcantara E-W fault system and other 162 

parallel structures with an overall dextral kinematics and Plio-Quaternary activity. Conversely, Speranza et 163 

al. (2018) and Butler et al. (2019), based on detailed paleomagnetic and structural data, confirm a model of 164 

rotational overthrusting for the Maghrebides of Sicily and maintain that strike-slip tectonics has minimal 165 

relevance and only local significance. Finally, an E-W transtensional shear model was suggested to occur  in 166 

the southern Tyrrhenian margin (Beccaluva et al., 1984; Giunta et al., 2000; Nigro et al., 2000; Renda et al., 167 

2000; Gueguen et al., 2010). 168 

Two sets of conjugate strike-slip faults (N-S left lateral and NW-SE dextral) displace marine deposits of 169 

Calabrian age (lower Pleistocene) at Favignana Island (Tondi et al., 2012; site 4 in Fig. 1). Notably, these 170 

faults, following the Andersonian model (Anderson, 1951), are compatible with maximum horizontal stress 171 

s1 trending NW-SE, parallel to the present plate convergence between Nubia and Eurasia. Furthermore, 172 

Quaternary thrusts have been recently recognized in the Termini Imerese area (Sulli et al., 2021; site 5 in 173 

Fig. 1) characterized by a N-vergent ramp anticline deforming Middle Pleistocene deposits. 174 

A seismogenic belt has been identified based on epicentre locations (lower left inset in Fig. 1) in the 175 

southern Tyrrhenian Sea, approximately west of the Aeolian Islands by several authors (e.g., Goes et al., 176 

2004; Pondrelli et al., 2006). Accordingly, it was postulated that the Sicilian Maghrebian active thrust front 177 
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is located along this E-W belt north of Sicily, formed after a backward shift and a final abandonment of the 178 

compressional thrust front of mainland Sicily (Fig. 1) that some authors have been considered inactive at 179 

least since late Pleistocene (Butler et al., 1992). 180 

 181 

3 Methodology and data 182 

This study used an interdisciplinary methodology that includes the stratigraphic and tectonic interpretation 183 

of seismic reflection profiles calibrated by well data. Using an integrated data set in a dedicated GIS 184 

environment  also allowed the generation of 2-D and 3-D models of relevant geological surfaces 185 

(stratigraphic horizons and faults). The Sicily Channel has been investigated using a seismic grid formed by 186 

three datasets, multichannel seismic profiles, CROP seismic profiles and Sparker data (Fig. 2) with different 187 

resolutions and penetrations for a total length of about 5030 km. The first set corresponds to multichannel 188 

commercial profiles for hydrocarbon exploration (ViDEPI, 2019), while the second one includes high-189 

penetration profiles acquired in the 1990s during the exploration phase of the Deep Crust (CROP) project 190 

(http://www.crop.cnr.it). For technical details on the multichannel commercial profiles see Milia et al. 191 

(2021). The CROP seismic profiles were acquired by a CNR, Agip, and Enel pool and processed in the 1980s 192 

and 1990s. The CROP data differ from commercial multichannel profiles in that they are characterized by 193 

deeper penetration (17 seconds of two-way-travel-time) and lower resolution. To furnish a tectonic and 194 

stratigraphic frame of the area we interpreted two regional seismic lines acquired within the framework of 195 

the CROP project. 196 

The third seismic dataset was acquired with a Sparker System (Multispot Extended Array System; MEAS) in 197 

1989. The output power of the MEAS, transmitted through a 36-tip array, was 16 kJ. Vertical recording 198 

scales were 2.0 s, and these data feature a low penetration (2 s of two-way-travel-time) but a higher 199 

resolution (maximum value of 6 m). 200 

Raster images of the overall seismic grid were converted to segy format, and the segy files were then 201 

collected in a dedicated Geographic Information System (GIS) environment. Interpretation of profiles and 202 

modelling of geological surfaces was performed using Kingdom software (S&P Global Inc.); gridding and 203 

contouring were performed on geological horizons to generate 2D models (contour maps) and isochron 204 

maps of the sedimentary succession. Iterative testing was carried out to select the best algorithm and 205 

processing parameters. Faults were interpreted on seismic reflection profiles, mapped in a GIS 206 

environment, and shown as lines on structure contour and isochron maps. The final step was constructing 207 

the 3D digital model using the Vu-PACK module, which allowed us to interpret more accurately and control 208 

the opacity, colour, and lighting of volumes, horizons, and faults. 209 

The recognized seismic units were calibrated through the lithostratigraphic and chronostratigraphic data of 210 

offshore and onshore boreholes (ViDEPI, 2019) and by dredge data (Catalano et al., 1985; Compagnoni et 211 

al., 1989; Sartori, 2005; Fig. 2). The seismic interpretation was performed using the seismic stratigraphy 212 
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methodology: seismic units are groups of seismic reflections, the parameters of which (configuration, 213 

amplitude, continuity and frequency) differ from those of adjacent groups. Sedimentary units were 214 

delineated based on contact relations and internal and external configurations (e.g. Mitchum et al., 1977). 215 

 216 

4 Physiography and Stratigraphy 217 

The marine area offshore western Sicily is characterized by a complex physiography(Fig. 3). The continental 218 

shelf West of Sicily includes the Egadi Island and extends southward into the Strait of Sicily; on the contrary, 219 

North of Sicily the shelf is a very limited area and the shelf edge is very close to the coast. It switches 220 

westward to an irregular area consisting of coalescent highs forming a couple of seamounts ridges, trending 221 

ENE-WSW and E-W, separated by a complex system of submarine valleys (Fig. 3). The two deepest basins, 222 

corresponding to dark blue areas (up to 2000 m of depth), occur northwards at the margin of the Southern 223 

Tyrrhenian Sea and are bounded by very steep slopes. The pattern of the submarine drainage shows 224 

peculiar features. In the southernmost area, two submarine valleys run towards the Northwest in a ponded 225 

basin (r), and other valleys flow toward the southwest in an NW elongated ponded basin (s). A more 226 

complex drainage system flows toward NNW south of the Egadi Islands, terminating in a NE-elongated 227 

ponded basin (t). In the northwest area, short valleys end in several ponded basins occur. North of Egadi 228 

Islands, a set of valleys terminates into two > 2000 m-deep basins, and the offshore Castellammare del 229 

Golfo presents an NNE elongated valley. 230 

The interpretation of the seismic grid made it possible to clearly recognise three stratigraphic units: the 231 

acoustic substrate, unit M and unit PQ (Fig. 4). The acoustic substrate features reflection-free, chaotic 232 

seismic facies and reflectors with variable amplitude. It is bounded at the top by a horizon with high 233 

amplitude and good continuity, and covered in onlap by a unit with continuous reflectors and variable 234 

amplitude. Analysis of dredges and stratigraphic well logs in the study area documents that the acoustic 235 

substrate corresponds to AlKaPeCa crystalline basement rocks and Mesozoic-Miocene sedimentary rocks of 236 

the Sicilian thrust belt (Catalano et al., 1985, 1993; Milia et al., 2021; Fig. 2). 237 

The acoustic substrate is bounded at the top by a Messinian erosional unconformity and is in places, in the 238 

NW sector of the study area, covered by a seismic unit with parallel plane reflector deposits and high 239 

amplitude and low-frequency of Messinian age (unit M; Fig. 4). Substrate and unit Mare both overlain by 240 

unit PQ, characterized by continuous horizons and variable amplitude (Fig. 4), that covers the entire region. 241 

Unit PQ, calibrated by well and dredge data, corresponds to Plio-Quaternary deposits. Indeed, lower 242 

Pliocene marls have been drilled at the Tania and Noemi wells and dredged along the ENE-WSW seamount 243 

located in the northern sector of the study area (Fig. 3); besides, Pleistocene foraminiferous-rich muds have 244 

been sampled at the Noemi well (Fig. 2) and lower Pleistocene marine calcarenites outcrop at Favignana 245 

Island (Tondi et al., 2012). Westwards of the study area (Fig. 1), a 24 m-thick piston-core (LC04; Dinarés-246 

Turell et al., 2003) sampled Pleistocene foraminiferous-rich muds interlayered with a sandy interval. The 247 
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age of the basal unit of the core is 1.02 Ma and corresponds to a sandy interval inside which a hiatus of 248 

approximately 0.14 Ma (between 0.7 and 0.56 Ma) is present. Notably this sector of the North Tunisian 249 

continental margin records a middle Pleistocene folding event (Camafort et al., 2020). 250 

In the westernmost part of the study area it is possible to recognize the primary geometry of deposition of 251 

unit PQ (Plio-Quaternary deposits), which is characterized by parallel horizons, overlying in onlap the 252 

acoustic substrate, and having a sheet external form (Fig. 4). In particular, two seismic profiles display unit 253 

PQ that fills the depressions at the top of the thrust belt (Figs. 4A-4B). In the seismic line of Figure 4C, the 254 

PQ deposits appear deformed, folded and faulted with an erosional surface at the top. 255 

Considering that the PQ unit was deposited with a horizontal geometry, the thickness map displays the 256 

sedimentary depocentres and the subhorizontal areas at that time; thus, thick sedimentary deposits filled 257 

valleys and depressions formed during the Pliocene rifting and these extensional basins trend NW-SE and 258 

roughly N-S. Consequently, the isochron map of unit PQ (Fig 4D) permits to reconstruct the 259 

palaeogeography of the region before the Quaternary shortening. Indeed this isochron map reveals the 260 

presence of a paleo shelf area covered in onlap by thin sedimentary deposits that filled the irregular 261 

morphology (Fig. 4A-B). 262 

 263 

5 Positive inversion structures 264 

Inversion structures present different degrees of deformation (mild, moderate, strong, total) corresponding 265 

to the progressive inversion of a half-graben (Cooper et al., 1989). The multichannel seismic grid 266 

interpretation reveals many cases of PlioςQuaternary deposits (unit PQ) uplifted, locally folded or thrusted 267 

with the positive inversion of syn-rift structures. During shortening marls and clays present at the base of 268 

the Plio-Quaternary unit promoted detachment folding in the cover and the location of décollement levels 269 

at the top of the basement as in the basement normal faults were reactivated as thrust faults. 270 

Some of the Pliocene extensional faults underwent full inversion to net contraction (Fig. 5). Contraction of 271 

the upper crust with a total inversion of the relief is documented by first-order structures corresponding to 272 

large antiforms (a and b in Fig. 6B) approximately trending ENE-WSW; in this case, the deformation caused 273 

the strata to fold and over steepen, maintaining the bed-parallel geometries of strata that preceded such a 274 

contraction (inv. structures άмέ ŀƴŘ άоέ). The inv. ǎǘǊǳŎǘǳǊŜ άоέ (line 30, Fig. 5) is located in the easternmost 275 

ǘƛǇ ƻŦ ǘƘŜ άaέ ŀƴǘƛŦƻǊƳ ŀƴŘ ŘƛǎǇƭŀȅǎ a syn-rift sedimentary wedge, now located on the fold crest, inverted 276 

normal faults and steep reverse faults merging into a sub-vertical fault (corresponding to a positive flower 277 

structure). 278 

!ƭƻƴƎ ǘƘŜ ŎǊŜǎǘ ƻŦ ǘƘŜ άbέ ŀƴǘƛŦƻǊƳΣ ŀ tƭƛƻ-vǳŀǘŜǊƴŀǊȅ ōŀǎƛƴ ǊŜǎǳƭǘǎ ǘƻǘŀƭƭȅ ƛƴǾŜǊǘŜŘ όƛƴǾΦ ǎǘǊǳŎǘǳǊŜ άнέύ. The 279 

latter structure (line 28, Fig. 5) corresponds to an older basin, uplifted and inverted in correspondence of a 280 

restraining bend between E-W dextral faults (Fig. 6C). The high thickness of the Plio-Quaternary deposits 281 

lies in correspondence of the crest of the positive relief and the folding of the younger deposits is 282 
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associated to low-angle thrust faults (Line 28, Fig. 5) above a sub-horizontal substrate. The described 283 

architecture suggests that the inversion proceeded until the extensional system was restored to its pre-284 

kinematic configuration, reaching the null point (sensu Williams et al., 1989). 285 

aƻǊŜ ŎƭŀǎǎƛŎ ƛƴǾŜǊǎƛƻƴ ƎŜƻƳŜǘǊƛŜǎ ŀǊŜ ǎƘƻǿƴ ōȅ ǘƘŜ ƛƴǾΦ ǎǘǊǳŎǘǳǊŜ άпέ (Line 30, Fig. 5)Σ άрέ(Line 57, Fig. 5) 286 

(Fig. 5) and the San Vito Basin (Fig. 7), located in the marine area north of San Vito village, characterized by 287 

thick syn-rift  sedimentary wedges folded in a large anticline affected by thrust faults that offset the Plio-288 

Quaternary cover and underlying by faults with normal throw. The thick asymmetrical anticlinal cores 289 

represent the extensional regime with a short, steeper forelimb and a longer, gentler, more planar back 290 

limb that characterize the positive inversion structures. The overlying strata thinning onto the structure on 291 

both flanks represent the inversion regime. In addition, the inv. structure 4 (Line 3, Fig. 5) features more 292 

gently dipping shortcut thrust faults and steep inverted normal faults affecting the substrate; the thick 293 

sedimentary wedge is deformed by folds and thrusts; the top of the basin, horizontally deposited, displays 294 

approximately 900 m of difference in altitude, whereas the amplitude of the inverted anticline is 400 m 295 

(assuming a velocity of 1500 m/s for the seawater in the depth conversion). It displays a classical structure 296 

of inversion tectonics, with an antiform formed in correspondence with the principal normal fault, 297 

analogous to other inverted half graben as described in Cooper and Warren (2010). LƴǾΦ ǎǘǊǳŎǘǳǊŜ άрέ 298 

permits the investigation of the sedimentary architecture, recording the progressive deformation of the 299 

basin. The first step was associated with the formation of the large anticline in correspondence with the 300 

extensional half-graben (def 1 unconformity). Successively sedimentary depocentres formed on the flanks 301 

of the anticline (sed 2 stratigraphic unit). The next folding induced the uplift of the basin margins and the 302 

anticline growth (def 2 and def 3 unconformities) associated with the migration of the depocentres (sed 3 303 

stratigraphic unit and Present physiography). A similar architecture of the syn-kinematic depocentres (i.e. 304 

extension and inversion stratigraphic units) was obtained by analogue models of basin inversion (Jagger 305 

and McClay, 2018). 306 

A classical inverted basin, present in the Eastern sector, is the San Vito inversion basin; it is characterized by 307 

reversals in the sense of dip-slip fault displacement from normal to reverse (Fig. 7), a change in the polarity 308 

of structural relief (i.e., low-lying basin areas become structural culminations) and expulsion of the synrift 309 

fill. The pre-existing normal fault results partially reactivated, whereas reverse faults develop on the 310 

footwall of the basin substrate, and the basin results uplifted in the northern part and the footwall block in 311 

the north part of the section, forming an antiform. A perpendicular section across the basin displays 312 

reactivated normal faults and the folding and thrusting of the syn-rift deposits. 313 

The inv. ǎǘǊǳŎǘǳǊŜ άсέ όCƛƎΦ 5), on the eastern tip of the b antiform, displays a strong inversion, and a 314 

synsedimentary wedge, bounded by NW-dipping normal faults. The folding of the Plio-Quaternary deposits 315 

is coherent with the folding of the substrate, and opposite dipping reverse faults affect the substrate and 316 

the sedimentary deposits. 317 
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¢ƘŜ ƛƴǾŜǊǎƛƻƴ ǎǘǊǳŎǘǳǊŜ άтέ ŘƛǎǇƭŀȅǎ ŀ ƳƻŘŜǊŀǘŜ ƛƴǾŜǊǎƛƻƴ ǎƘƻǿƛƴƎ ŀƴ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǎȅƳƳŜǘǊƛŎŀƭ ǎǘǊǳŎǘǳǊŜ 318 

bounded by reactivated normal faults and reverse faults (Fig. 5). The pre-existing normal faults are partially 319 

reactivated, as demonstrated by the folded and faulted Plio-Quaternary unit. Thrust faults involving the 320 

substrate develop with opposite dip of the pre-existing normal faults in correspondence with the Plio-321 

Quaternary depocenter, and low-angle thrusts formed within the sedimentary succession to accommodate 322 

the shortening. The pre-existing faults generally exhibit a normal net displacement in the lower levels and a 323 

net reverse displacement in the upper stratigraphic levels. These Plio-Quaternary extensional faults were 324 

partially inverted, and their structural inheritance controlled the location and orientation of the newly 325 

formed contractional structures. 326 

In the southern sector, the NW-SE serial seismic profiles (Fig. 8) show evidence of shortening and typical 327 

positive inversion structures with a moderate inversion degree. Indeed, east of the large anticline, a couple 328 

of southeast verging thrust faults and inversion ǎǘǊǳŎǘǳǊŜ άуέ occur above a previous rift basin controlled by 329 

N-S transfer faults. In this case the normal fault that created the sedimentary basin is orthogonal to the 330 

positive inversion structure and was reactivated as normal fault during the deformation (b structure in 331 

M23AA line, Fig. 9ύΦ ²Ŝǎǘ ƻŦ ǘƘŜ ŀƴǘƛŎƭƛƴŜ ƛƴǎǘŜŀŘ ǘƘŜ ƛƴǾΦ ǎǘǊǳŎǘǳǊŜ άфέ ŘƛǎǇƭŀȅǎ όCƛƎΦ 8) a northeast? dipping 332 

steep normal fault, a sedimentary wedge folded, and southest gently dipping thrust faults (enucleated from 333 

the normal fault) produced during shortening. Finally, in the southern part of the study area, the inv. 334 

ǎǘǊǳŎǘǳǊŜ άмлέ όCƛƎΦ 8) features a southeast steep dipping normal fault, a folded sedimentary basin infill and 335 

thrust faults, enucleated from the normal fault, dipping northwestt. The latter inversion structures are 336 

characterised by inverted normal faults and low-angle thrusts, affecting the sedimentary wedge, that 337 

develop in the opposite direction respect to the pre-existing normal fault. These geometries, featuring a 338 

pop-up in the cover sequence, are similar to those of the Andean mountain belt, characterised by thrusts at 339 

shallow levels formed during the late Cretaceous reverse of slip of the Triassic-early Cretaceous main 340 

normal faults (Amilibia et al., 2008). 341 

 342 

6 Western Sicily margin fault system 343 

To investigate the regional structural pattern of the western Sicily margin we used the CROP seismic 344 

profiles (Fig. 9). The CROP M 23AA, trending WNW-ESE, is located off Sicily until the Tunisia Plateau 345 

between the water depth of some tens of meters and 700 m. The acoustic substrate of the CROP M23AA 346 

profile corresponds to the Sicily-Maghrebian thrust belt sampled by dredges and drilled by several wells 347 

(Ermione, Tullia, Nuccia) (Fig. 9). South of the Egadi Island, the North-South oriented Egadi thrust front (Fig. 348 

1) is covered by a thick progradational sedimentary wedge Tortonian in age, and a Messinian erosional 349 

surface affects the Miocene thrust belt forming a wide and extended shelf. Younger normal faults form 350 

several graben filled by deposits Plio-Quaternary in age (Figs. 9, 4D). In particular, unit PQ deposited within 351 

several structural depressions on a broad shelf was affected by folds and upthrusts linked to inversion 352 
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tectonics (Fig. 9). Indeed, several extensional basins started to form during Pliocene West and North of 353 

Sicily (Milia et al., 2021) and during Quaternary, many of these basins were shortened, due to a positive 354 

tectonic inversion that reactivated normal faults as reverse faults. In particular, the CROP M23AA displays a 355 

deformed sedimentary basin between the Tullia and Nuccia wells, where the folding can be associated with 356 

the reactivation of buried thrust faults. A sedimentary basin extending between the Ermione well and the 357 

intersection with the M29A line is gently deformed, suggesting the reverse reactivation of an older normal 358 

fault. At the western boundary of the CROP M23AA profile, there are two sectors bounded by a sub-vertical 359 

fault (F1): the western one characterized by undeformed subhorizontal Quaternary strata (corresponding 360 

to the less deformed Tunisia Plateau) and the eastern one featuring thrust faults and folds affecting 361 

Quaternary deposits. 362 

The CROP M 29A, trending NNE-SSW, is acquired between the Sicily Straits and southern Tyrrhenian Sea 363 

between 600 m and 3000 m of water depth. Based on previous geological studies (e.g. Catalano et al., 364 

1985; Compagnoni et al., 1989; Milia and Torrente, 2022), dredges and borehole data (Fig. 2), it is possible 365 

to attribute the acoustic substrate to the Sicily-Maghrabide nappes in the south, and to the AlKaPeCa and 366 

Sardinia crystalline basement in the north (Fig. 9). Besides folded Quaternary deposits and flower 367 

structures, composed of an almost vertical master fault and a series of high-angle branch faults occur. 368 

The CROP M28A profile, trending N-S and acquired north of San Vito promontory in the southern 369 

Tyrrhenian Sea between the water depth of 150 meters and 3000 m, features an acoustic substrate 370 

corresponding to the Sicily-Maghrabian nappes overprinted by a large 2 km-deep extensional basins. 371 

Northwards a seamount (c, Fig. 3) displays folds with reverse faults and positive flower structures 372 

characterized by steep branching faults. Extensional faults are present in the southern and northern part of 373 

the seamount and buried by undeformed Plio-Quaternary deposits. These latter, on the contrary, are 374 

folded on the top of the positive structure suggesting a younger age for the seamount formation. 375 

Plio-Quaternary deposits were folded, shortened, and displaced by faults. To reconstruct the geometry of 376 

the deformed deposits, a structural contour map of Unconformity U, representing the top of these 377 

deposits, was prepared (Fig. 6B). On the basis of the structural pattern, three sectors have been recognized: 378 

a western, an eastern and a southern sector (Fig. 6C). 379 

The western sector displays a couple of ENE-WSW en échelon striking antiforms (a and b) characterized by 380 

a 70 km length, half-wavelength of about 10 km (with minor culminations and saddles). Serial sections, 381 

corresponding to a line drawing of seismic profiles perpendicular to the fold strike, reveal the non-382 

cylindrical nature of folding. Indeed, several section across the folds show (Fig. 10) different geometry along 383 

the strike of a and b antiforms. 384 

The comparison between the isochron map of unit PQ, that represents the paleogeography during the 385 

deposition of the PQ deposits, and the contour map of the unconformity U, that represent the Quaternary 386 

structure contour map, reveals (Fig. 6A-B) relevant changes in the physiography of the area. Indeed, the 387 
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first map shows a broad continental shelf and the trend of the older (Pliocene) sedimentary basins, while 388 

the second one features the new morphological highs and lows due to the contractional deformation. An 389 

intense physiographic switch occurred on Egadi Island, where Lower Pleistocene marine deposits outcrops 390 

recording the uplift of the area. Finally, the most dramatic change in the physiography is in the 391 

northwestern area where the wide shelf and the superimposed sedimentary basins disappeared and in 392 

their place appeared two ENE-WSW-trending extending ridges bounded by large valleys that deepen 393 

toward the Tyrrhenian Sea (Fig. 3). 394 

Several segments of E-W transcurrent faults where recognized in the seismic profiles. In particular, a couple 395 

of positive flower structures (associated to the F1 and F2) and large-scale folds affecting unit PQ are imaged 396 

in the seismic profile CROP M29A, which is almost perpendicular to the E-W fault strike (Fig. 10). The F2 397 

positive flower structure is present in the seismic line 26 (Fig. 11) where is formed by a couple of high-angle 398 

faults (one of which overthrusts unit PQ) merging into a vertical master fault. Westwards of Egadi Islands 399 

(line 69, Fig. 8) is present a structure (inv. structure ά8έ) bounded by faults with reverse throw and 400 

displaying abrupt thickness changes across the faults. The inv. structure ά5έ displays synkinematic wedges 401 

1-3 revealing a complex migration of the deformation (line 57, Fig. 5). This complex stratigraphic 402 

architecture of the deposits (synkinematic wedges 1-3) can be attributed to lateral movement of the fault 403 

blocks. A similar geometry of pop-up structure, with oblique-slip reverse-faults steepening upward, has 404 

been produced by sandbox models of strike-slip faults (MacClay and Bonora, 2001). Another E-W strike-slip 405 

fault is present South of Egadi Island (F4, Fig. 11) with a palm tree structure (sensu Sylvester, 1988). North 406 

of Egadi Island, there are folded Plio-Quaternary deposits affected by a symmetrical fault swarm (F3 in line 407 

53, Fig. 11) featuring steep normal faults merging in the middle into a main vertical fault; we interpret the 408 

fault swarm F3 as a negative flower structure. NW-SE extensional depressions occur westwards of the Egadi 409 

island (Fig. 6A) that feature (line 31, Fig. 11) NE dipping main faults, rollover folds and antithetic steep 410 

dipping faults. 411 

In map view, the offshore western Sicily fault system features (Fig. 6C): E-W strike-slip fault segments (from 412 

south to north F4, F1, F2, F3, F5), negative flower structures (F3), NE-trending folds and thrusts, and NW-413 

trending normal faults. In the profiles, high-angle master faults and branching faults are associated with 414 

positive and negative flower structures. The array of the structures of the offshore western Sicily fault 415 

system perfectly overlaps that of an E-W dextral wrench zone (see Wilcox et al., 1973; Harding and Lowell, 416 

1979). 417 

The seismic lines that cross the Eastern sector document the main tectonic stages of the area. Indeed, 418 

seismic line 88 (Fig. 7) displays a higher zone, characterized by two highs of the substrate eroded on the 419 

top, and sub-horizontal and parallel reflectors fill the depocenter between these highs. These substrate 420 

highs are overprinted by normal faults that generated syn-sedimentary half grabens on their western and 421 

eastern flanks. The stratal architecture of the stratigraphic infill reveals sedimentary wedges associated 422 



13 
 

with growth faulting. On the contrary, the upper part of the succession is characterized by sub-horizontal 423 

parallel strata, suggesting that the normal faults forming the basins were only active during the Pliocene-424 

Lower Pleistocene (see Milia et al., 2021). In the eastern part of seismic line 88 (Fig. 7), Plio-Quaternary 425 

deposits are deformed and affected by folding, reverse faults and thrusts. Several pre-existing normal faults 426 

have been reactivated with a reverse movement. In particular, an inverted basin was formed in 427 

correspondence with the San Vito promontory (Catalano and Milia, 1990), the basin architecture of which is 428 

described in the paragraph on inversion tectonics. 429 

A different structural framework is present in the southern part of the Egadi Islands (Figs. 8, 12, 13). A 430 

prominent unconformity recognized within unit PQ (U in Figs. 8, 12) permitted us to distinguish a lower 431 

subunit PQ (yellow, deformed deposits) and an upper subunit PQ (light green, very gently deformed and 432 

undeformed deposits). A 2D structure contour map and a 3D model of the unconformity surface, and two 433 

isochron maps were built (Fig. 13). The lower subunit PQ (Fig. 12) is bounded at the base by the substrate 434 

and at the top by the unconformity U. Instead, the upper subunit PQ (Fig. 12) is bounded at the base by the 435 

unconformity U and at the top by the seafloor. The isochron map of the lower subunit PQ displays (Fig. 436 

13A) the sedimentary basins formed during the Pliocene extensional tectonics mainly controlled by NW-SE 437 

and N-S normal faults. Instead, the isochron map of the upper subunit PQ reveals (Fig. 13B) the 438 

depocentres formed during/after the contractional deformation; the red areas correspond to a sector 439 

where these deposits are very thin, absent or eroded. 440 

The structures resulting from the contractional deformation are illustrated by the 2D and 3D geometries of 441 

the unconformity surface (Fig. 13C-D) and are characterized by two approximately WSE-ESE elongated large 442 

anticlines (Fig. 13D x, y) bounded by two large structural depressions. In the northern sector, this structure 443 

is characterized by an erosional surface on the top and associated with a couple of oppositely dipping, 444 

approximately E-W, reverse faults (Fig. 12, lines 33 and 34; x in Fig. 13D). The hinge zone of the fold shows 445 

a thinning of Lower subunit PQ and this structure acted as a barrier during the deposition of upper subunit 446 

PQ, leading to the formation of two sub-basins.  447 

An intermediate zone separates the two anticlines characterized by several normal faults that downthrown 448 

the structure toward the South (Line 35 in Figs. 12 and 13D). These faults can be interpreted as the local 449 

reactivation of the pre-existing normal faults during the uplift of the structure. On the contrary, in the 450 

northern part, smaller folds formed (lines 34 and 35 in Fig. 12; Fig. 13D). In the southernmost tip of this 451 

sector, three high-angle faults merge at depth, creating a flower structure (line 41, Fig. 12), documenting 452 

the role of the transcurrent tectonics in the area. 453 

A tectonic contraction was responsible for the uplift of the continental shelf in the southern sector that 454 

displays an emerging area, a migration of the depocentre toward the north-west (line 69, Fig 8,) and 455 

deformed sedimentary deposits at its margin (line 73, Fig. 8). The uplift of this area is also confirmed by the 456 

outcrops of Lower Pleistocene marine calcarenites at Favignana Island (Tondi et al., 2012). 457 
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 458 

7. Discussion 459 

7.1 The role of precursor faults during positive inversion 460 

Factors that condition the characteristics of inversion structures (style, degree of development, etc.) 461 

include the thickness of the sediments and the architecture of the normal faults of the pre-existing 462 

extensional basins. Here, the extensional tectonics that affected the study area during the Pliocene-Lower 463 

Pleistocene formed several basinal depocentres with a variable thickness ranging between 500 to 2000 m 464 

(Fig. 6A). A number of the Pliocene extensional faults were inverted and underwent moderate or full 465 

inversion to net contraction. According to Cooper et al. (1989) and Sibson and Ghisetti (2018) an inversion 466 

structure forms when a pre-existing extensional fault controlling a hangingwall basin contains a syn-rift fill 467 

that has subsequently undergone compression (or transpression) producing partial (or total) extrusion of 468 

the basin fill. 469 

Strong tectonic inversion, characterized by uplift, folding, thrusting and generation of an important 470 

unconformity, that mainly corresponds to the sea floor morphology, is the response of an intense 471 

compressional strain. This inversion tectonics is characterized by a composite style of thin- and thick-skin 472 

deformation in response to the orientation of the pre-existing faults. 473 

This architecture, characterized by a complete extrusion of the sediments upward above an almost flat 474 

ǎǳōǎǘǊŀǘŜΣ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƛƴǾΦ ǎǘǊǳŎǘǳǊŜ άнέ ǊŜŀŎƘŜŘ ǘƘŜ άƴŜŀǊ ƴǳƭƭ Ǉƻƛƴǘ ƛƴǾŜǊǎƛƻƴ ǎǘŀƎŜέ ƻŦ .ŀƭƭȅ όмфупύΣ 475 

similarly to another inversion structure reported in the western High Atlas of Morocco (Hafid et al., 2006). 476 

In areas with a sedimentary thickness lower than 1000 m, the inversion tectonics features a thick-skinned 477 

style and reverse and thrust faults affect also the substrate (e.g. inv. structure 7, Fig. 5). 478 

An example of thin-skin structure (inv. structure άфέύ, present on line 71 (Fig. 5), is characterized by an NW-479 

dipping inverted normal fault from which detachment thrusts branch off plunging to the NW and SE.In the 480 

end, three types of inversion structures occur in the offshore western Sicily depending on the architecture 481 

of the sedimentary cover: i) Absence of syn-inversion deposits is associated to structures forming in 482 

ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƻŦ ǘƻǇƻƎǊŀǇƘƛŎ ƘƛƎƘǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴ όƛƴǾΦ ǎǘǊǳŎǘǳǊŜǎ άмέΣ άнέΣ άоέύΦ ƛƛύ hŎŎǳǊǊŜƴŎŜ ƻŦ ǎȅƴ-483 

ƛƴǾŜǊǎƛƻƴ ŘŜǇƻǎƛǘǎ όŜΦƎΦ ƛƴǾΦ ǎǘǊǳŎǘǳǊŜǎ άпέΣ άрέ ŀƴŘ {ŀƴ ±ƛǘƻ ōŀǎin; Figs. 7, 8) is linked to structures that 484 

formed on the slopes of higher reliefs or in a depressed area north of Egadi Islands (t in Fig. 3) where are 485 

conveyed sediments eroded on the top of the reliefs. iii) Presence of post-inversion deposits (even if 486 

affected by very gentle deformation suggesting a continuum of deformation until the Present) is associated 487 

to the thin-ǎƪƛƴƴŜŘ ƛƴǾŜǊǎƛƻƴ ǎǘǊǳŎǘǳǊŜǎ ƻŦ ǘƘŜ ǎƻǳǘƘŜǊƴ ǎŜŎǘƻǊ όƛƴǾΦ ǎǘǊǳŎǘǳǊŜǎ άфέ ŀƴŘ άмлέύΤ ƛƴ ǘƘƛǎ ŎŀǎŜΣ 488 

the relatively thick sedimentary infill can be the result of the sedimentary input from the wide continental 489 

shelf offshore Sicily (s in Fig. 3). 490 

 491 



15 
 

7.2) The Present tectonic frame: restraining and releasing bends in a dextral wrench tectonics margin 492 

The Present physiography of the study area has been interpreted since the first studies (Beccaluva et al., 493 

1984; Catalano et al., 1985; Compagnoni et al., 1989) as the result of the Miocene thrust tectonics. 494 

Accordingly ǘƘŜ άaά ŀƴŘ άbά ǎŜŀƳƻǳƴǘǎ (submarine highs of the Elimi Chain) have been linked to Miocene 495 

thrusts, the so-called Drepano thrust sheet. Recently, Milia et al. (2021) furnished a regional framework in 496 

terms of structures and timing of the extensional tectonics that affect the Miocene thrust belt during the 497 

Pliocene-Lower Pleistocene, whereas the role of the Quaternary compressional tectonics has been 498 

interpreted as restricted to the basin inversion or a gentle deformed Pliocene-Quaternary deposits and 499 

attributed to a pure convergence (NW-SE or N-S) along the Eurasia-Africa plate boundary (e.g. Catalano and 500 

Milia 1990; Camafort et al., 2020). 501 

Our interpretation of the grid of multichannel seismic reflection profile and the reconstruction of 2D maps 502 

and 3D models offer, for the first time, the opportunity to reconstruct a regional frame for the structures 503 

formed during the Quaternary. Indeed, one of the outcomes of this study is the documentation that the 504 

Present physiographic setting (Fig. 3) and in particular the άaά ŀƴŘ άbά seamounts, the so called Elimi Chain, 505 

(Fig. 6) are the result of the activity of a wide extended dextral shear zone (Fig. 14). In particular, several 506 

segments of approximately E-W transcurrent faults have been recognized. According to the literature 507 

(Wilcox et al., 1973; Harding and Lowell, 1979; Sylvester, 1988), when strike-slip initiates in natural settings, 508 

en échelon fault segments and folds form. With increased strike-slip displacement, fault segment links and 509 

the linked areas may define alternating areas of localized convergence and divergence along the length of 510 

the strike-slip fault system. In the study area have been recognized: i) an array of NE-SW oriented en 511 

échelon folds that form an ESE-WNW elongate belt; furthermore, the formation of the antiforms is 512 

associated with the formation of a deep basin in the northern part of the belt). ii) Two Restraining bends 513 

that accommodate local contraction on the culmination and in the NE terminal of the άbέ antiform. iii) NW-514 

trending syn-sedimentary normal faults in the central area. iv) A large negative flower structure. v) Two 515 

push-up ridges are present South of the Egadi Islands. vi) Several segments of E-W transcurrent faults that 516 

affect the whole studied area. vii) Positive inversion structures of the pre-existing extensional basins. The 517 

overall structural frame (Fig 14) can be associated with the activity of an E-W dextral fault simple shear 518 

zone, in accord with the wrench tectonic model of Wilcox et al. (1973) and Harding and Lowell (1979). 519 

Considerable structural variations and complexity occur in the area north of Egadi Island, possibly because 520 

of the interplay of Quaternary strike-slip tectonics on the pre-existing structural high and low from the 521 

Pliocene-lower Pleistocene extensional tectonics. Indeed, in the eastern sector, the only clear evidence of 522 

the E-W dextral shear zone is the Quaternary NE-SW oriented structure located offshore San Vito. 523 

The en-échelon folds, corresponding to restraining bends (sensu Cunningham and Mann, 2007), form the 524 

dominant topographic and structural features within the deformed region, producing individual massifs 525 

ǿƛǘƘ ŀƴƻƳŀƭƻǳǎƭȅ ƘƛƎƘ ǘƻǇƻƎǊŀǇƘƛŎ ŜƭŜǾŀǘƛƻƴǎ ǎǳŎƘ ŀǎ ǘƘŜ άaέ ŀƴŘ άbέ ǊŜƭƛŜŦǎΦ 526 
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Factors influencing and controlling the origin and progressive development of restraining and releasing 527 

bends are complex and numerous. In our case, fault bends form in the mechanically heterogeneous crust, 528 

where pre-existing faults and basement fabrics may be reactivated or constitute a barrier to fault 529 

development. It is important to note that the orientation of reactivated older structures is unlikely to be 530 

ideal for pure strike-slip motions. Thus, oblique-slip displacement on reactivated faults is typically 531 

important within fault bends (Holdsworth et al., 1997). The overlapping of the Quaternary and the Plio-532 

lower Pleistocene structural maps (Fig. 6) reveals that the negative flower structure is associated with a 533 

stepover along the northern faults. The principal discontinuities in the tectonic development of the 534 

structures occur in correspondence of the pre-existing extensional basins and it is important to note that 535 

the restraining bends also are located in correspondence with older extensional basins. Indeed, these latter 536 

interrupt the continuity of the structural grain, acting as a barrier to the linear propagation of the strike-slip 537 

faults; consequently, the deformation is localised in the restraining bends where inversion tectonic occurs. 538 

In the central part, between the dextral E-W faults located in the western part (F1) of the area and South of 539 

Egadi Islands, a releasing bend forms linked to the reactivation of the NW-SE extensional faults, which 540 

orientation result ideal for the Quaternary new stress field. In the southern sector, two approximately 541 

oriented push-up ridges overprinted the remnant of the continental shelf bounded by two NW elongated 542 

extensional basins. These ridges can be interpreted as in-line structures, developing parallel to the strike-543 

slip zone, or forced folds formed above the faulted basement. In-line structure result from partitioning of 544 

oblique displacements, that is, the physical resolution of displacements or strain into several components, 545 

reflected in several different structures (Woodcock and Schubert, 1994). Indeed, the orientation of the 546 

folds and thrusts indicate a SE-directed shortening; this latter can be resolved into an approximately E-W 547 

dextral strike-slip and shortening normal to in-line folds. The structures formed in the southern area are 548 

characterized by two in-line approximately E-W anticlines, inversion structures with SE-vergent folds and 549 

reactivation of extensional faults superimposed to pre-existing NW-directed faults. In this sector, the 550 

development of the Quaternary structures is thus strictly controlled by the pre-existing structural frame 551 

where the NW-trending normal faults were reactivated according the dextral shear zone, the fold axis of 552 

inverted basin is coherent to the direction of the regional shortening and the development of the 553 

approximately E-W ridge, constrained in the shelf area, is in agreement with a partitioning of the oblique 554 

displacement (inset in Fig. 14). Finally, in the eastern sector a thrust fault overprinted a NE-oriented normal 555 

fault that in the southern part was affected by inversion tectonics. 556 

 557 

7.3. Tectonic structure and implications for active tectonic processes 558 

Inversion structures are responsible for many moderate to large (5.5<M<7.8) earthquakes involving reverse 559 

slip on steep faults (> 45°). For example, it was proposed that the El Asnam earthquake (M=7.3; October 10, 560 

1980) originated along an inverted normal fault of the Atlas Mountain ranges of northwest Africa 561 
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(Chiarabba et al., 1997). Besides the evalution of seismic hazard from inversion structures is troublesome 562 

for several reasons (slow slip rates, long recurrence intervals, structurally complex surface expression) 563 

(Sibson and Ghisetti, 2018). 564 

The marine area south of the Tyrrhenian Sea and west of the Aeolian Archipelago presents earthquakes 565 

characterized by MҖ6, shallow hypocentres (up to 15-20 km-deep), with thrusts fault and subordinately 566 

strike-slip focal mechanisms. To image the current stress field in Sicily and adjacent regions, several 567 

workers (e.g. Soumaya et al., 2015; Scarfì et al., 2020; Billi et al., 2023) analysed the focal solutions of 568 

earthquakes distributed in the Central Mediterranean from the available catalogues. Soumaya et al. (2015) 569 

compiled the focal mechanism data of seismic events with Mw ranging from 2 to 6 from Tunisia up to Sicily 570 

According to these authors, the Sicily zone is characterized by a transpressional regime, with focal 571 

mechanism of thrust faulting and dextral strike-slip (E-W focal planes), and NNW-SSE SHmax. Scarfì et al. 572 

(2020) made a clustering of the focal mechanisms of the Central Mediterranean and identified eight groups 573 

of focal mechanisms and their spatial distribution in the crust. The authors found a compressive regime (P 574 

axis striking roughly NW-SE) between the southern Tyrrhenian Sea and southeastern Sicily, marked by 575 

reverse and strike-slip faulting. 576 

Among the significant results of our geological study is that the identification and mapping of Quaternary 577 

structure perfectly overlap with earthquakes (Fig. 6C). Furthermore, reverse (ENE-WSW trending) and 578 

transcurrent (E-W trending) faults are compatible with both NW-SE trending horizontal s1 determined 579 

from focal mechanism studies (e.g. Soumaya et al., 2015; Scarfì et al., 2020, Billi et al., 2023) and NW 580 

motion of Africa with respect to Eurasia (Noquet, 2012). The structural frame of the study area is mainly 581 

characterized by segments of E-W transcurrent faults and large areas of restraining bend forming the en 582 

échelon fold array and the inverted sedimentary basins. Restraining and releasing bend may act as barriers 583 

to earthquakes propagation (King and Nabelek 1985; Sibson, 1985; Barka and Kadisky-Cade 1988) o 584 

conversely, they may provide nucleation sites for major earthquakes (e.g. Shaw, 2006) There are also 585 

documented cases of large fault bend earthquakes (M>7) having complex rupture mechanisms with 586 

multiple faults being activated within the bend, as well as major fault rupturing through the bend 587 

(Bayarsayhan et al 1996, Harris et al 2002). Because the length of fault segment rupture is proportional to 588 

earthquake magnitude (Scholz, 1982), the identification of fault bends between parallel strike slip fault 589 

segments is important in assessing the potential severity of future earthquakes in areas of active strike slip 590 

faulting. 591 

For the first time this study displays the complete structural framework of the area offshore western Sicily 592 

and the comparison with the earthquakes location and focal mechanism reveals (Fig. 6C) that the seismicity 593 

is concentrated mainly in the restraining bends and along the reverse faults associated to inversion 594 

structures. Furthermore, the recognition of Quaternary thrust and strike slip-faults characterized by lengths 595 
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ranging between 10 and 30 km in the offshore western Sicily (Fig. 6C) provides new elements to the 596 

seismo-tectonic picture and seismic hazard estimates. 597 

 598 

7.4. Crustal deformation of the upper plate in a migrating subduction. 599 

Reconstructions of the kinematics of the Africa and Eurasia plates show that the motion vector of Africa, 600 

with respect to the fixed Eurasia plate, has been consistently oriented NNW-SSE over the last 30 million 601 

years (Dewey et al., 1989; Handy et al., 2010; Faccenna et al., 2014, Müller et al., 2019). However, the 602 

crustal deformation recorded at the African plate boundary is complex because of the superposition of 603 

numerous tectonic events: Burdigalian-Langhian activity of the Sardinia and AlKaPeCa thrusts (Sardinia 604 

Channel); Tortonian thrusting and construction of the Maghrebian-Sicilian chain; Pliocene extension 605 

connected to the opening of the Tyrrhenian Sea; Quaternary transpressive tectonics and tectonic inversion. 606 

Therefore, the Africa plate motion vector cannot be invoked as the origin of this post-Burdigalian tectonic 607 

evolution. Instead the post-30 Ma evolution was characterized by an eastwards migration of both 608 

subduction zone and backarc extension, due to slab rollback, leading to the formation of the Liguro-609 

Provençal and Tyrrhenian basins (e.g. Malinverno and Ryan, 1986; Faccenna et al., 2004). Tomographic data 610 

revealed velocity anomalies, attributed to the geometry of the subducting plate, and based on the age of 611 

formation of the orogenic chains, the migration over time of the converging plate margin was 612 

reconstructed (Wortel and Spakman, 2000; Piromallo and Morelli, 2003; Wortel et al., 2009; Faccenna et 613 

al., 2014). The subducting slab at the Africa-Eurasia plate margin results active and continuous in Calabria 614 

and detached in North Africa (Algeria-Tunisia). However, its nature and location in Sicily result 615 

controversial. Catalano et al. (2013), based on the SI.RI.PRO. geological transect, interpreted a subduction 616 

zone below the Sicily directed toward the Nord. A low velocity anomaly recognized in the northern part of 617 

the Sicily, permitted the authors to postulate a Tyrrhenian mantle wedge that splits the African continental 618 

slab. 619 

Wortel et al. (2009) hypothesized a post-Langhian eastward migration of the plate boundary associated to 620 

the formation of a STEP fault (a tear fault transverse to the subduction zone), corresponding to a ~E-W 621 

deformation zone located in the southern Tyrrhenian Sea and the northern part of Sicily. Seismic anisotropy 622 

parameters (SKS waves) suggest the existence of a local scale mantle flow at a depth between 100 and 300 623 

km, which goes trench parallel below the Calabria slab, rotating to trench normal in the wedge above it and 624 

depicting a ring around its western wedge (Civello and Margheriti, 2004). These seismic anisotropy 625 

parameters support the geodynamic model that includes a slab tear in correspondence with the western 626 

edge of the Calabrian slab. 627 

Schellart (2024) compared several geodynamic models with natural subduction systems and linked the 628 

subduction dynamics and overriding plate deformation. In particular, the model for the narrow slab 629 

(comparable with the size of the Ionian slab) shows exclusively backarc extension, the forearc shows minor 630 
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shortening in the first ~21 Myr of the model evolution but otherwise is dominated by extension, while the 631 

sum of deformation in forearc and backarc is always extensional. 632 

Overriding plate extension results from the small-scale sub-lithospheric upper-mantle return flow, which 633 

generates a trench-directed drag force at the base of the overriding plate increasing toward the trench until 634 

the tip of the asthenospheric mantle wedge (Schellart and Moresi, 2013; Chen et al., 2016), as well as 635 

subduction interface deviatoric tension caused by slab-driven trench-hinge pull-back (Schellart and Moresi, 636 

2013). These two processes combined cause overriding plate extension. For narrow slab, this return flow is 637 

exclusively toroidal and occurs around the lateral slab edges. 638 

Considering the principal role of the mantle flow in the deformation of the lithosphere, the tectonic style 639 

and the timing can furnish important constraints for the kinematic evolution of the South Tyrrhenian Sea 640 

and of the Africa/Eurasia plate boundary evolution. Thus, we present a scenario (Fig. 15) of the post-16 Ma 641 

evolution of the subduction system along the Tyrrhenian Sea focusing our study area (green rectangle in 642 

the cross sections). According to Wortel et al. (2009), we assumed a present plate boundary (inset map) 643 

corresponding to an E-W STEP fault in Sicily and to the active thrust front in the Ionian Sea. Throughout 644 

Burdigalian times (16 Ma) there was the collision of the crystalline basement units (AlKaPeCa) with the 645 

African margin promontory in the Sardinia Channel (Milia and Torrente, 2022 and reference therein). 646 

During Serravallian-Tortonian times, the trench of the arc-backarc system was located in the Sicily 647 

Channel/Strait, and the associated back arc is located in the easternmost margin of the Algerian basin (Milia 648 

and Torrente, 2022). However, whereas the collision stopped in the Sicily Strait, northward on the 649 

continental area, began the extension characterized by the formation of half graben basins that changed 650 

from continental to marine environment (Milia and Torrente, 2014; Milia et al., 2017a). This period records 651 

the stop of the collision southward and the migration of the trench eastward in the northern part with the 652 

approaching of the subducting plate at the 660 km mantle discontinuity, causing strong tensional deviatoric 653 

stresses in the forearc region which would induce forearc extension (see Chen et al., 2016). The Messinian 654 

stage was characterized by an important uplift and a large extension and thinning in the paleo-Tyrrhenian 655 

area (Milia and Torrente, 2015; 2022), this stage probably corresponds to the beginning of the E-W 656 

oriented rupture of the subducting plate and the onset of the Tyrrhenian opening. At this point the 657 

establishment of the toroidal mantle flows at the southern edge of the plate induced the formation of the 658 

extensional basins at the southern margin of the Tyrrhenian basin that migrated eastwards from the 659 

Pliocene until the Present (Milia et al., 2017b, 2018, 2021) toward the East. 660 

One of the significant outcome of this paper is the documentation of the activity in the offshore western 661 

Sicily of a dextral wrench zone during Quaternary times. This deformation suggests that the toroidal mantle 662 

flow dominated only during the rupture of the slab and the migration of the latter give up to the eastward-663 

directed poloidal mantle flow. 664 
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According to Molnar (1991) and Bourne et al. (1998) stress orientations in the shallow crust merely reflect 665 

local adjustments to the kinematic requirement that the upper-crustal blocks must follow the flow of the 666 

lower layer. The earthquakes hypocentre in the area document that seismic slip on the faults occurs mainly 667 

in the upper 10-20 km of the crust. The discontinuous deformation at the surface reflects localization, onto 668 

discrete fault surfaces, of deformation that is distributed at depth (e.g. Prescott and Nur, 1981). Indeed, 669 

lower crust and upper mantle of the continental lithosphere deform in a ductile fashion (Molnar, 1991) 670 

inducing a traction applied to the bases of crustal blocks. As the subduction system migrated, an 671 

extensional backarc formed in the upper European plate with an extremely thinned crust (<10 km) 672 

compared to the thicker crust of the African margin (30 km) (Grad et al., 2009). This heterogeneity in 673 

thickness of the two plates is responsible of a difference in the velocity of the eastwards mantle flows 674 

between them and may have triggered a dragging at the plate boundary, linked to the eastward flow in the 675 

mantle wedge of the Eurasian upper plate. Consequently, the lateral variability induces the formation of a 676 

crustal right shear zone with E-W trend documented by this research offshore western Sicily (lower inset in 677 

Fig. 15). We can assume that the study region is deforming by distributed right-lateral shear, with the long-678 

term surface motion taken up on a number of E-W strike slip faults orientated approximately parallel to 679 

relative plate motion across the Africa and Tyrrhenian plates (Fig. 15). These observations led us to suggest 680 

that the motion between these continental crustal blocks is the result of shear tractions applied to their 681 

bases by ductile deforming lower lithosphere / mantle. 682 

 683 

8. Conclusions 684 

We reconstructed two maps of the study area, based on the interpretation of a comprehensive grid of 685 

seismic profiles (calibrated with dredge and well data) offshore western Sicily and the recognition of the 686 

primary deposition geometry of the Plio-Quaternary deposits. The first one is an isochron map representing 687 

the Plio-Lower Pleistocene paleogeography and the second one a structural contour map of the Middle 688 

Pleistocene deformation. The comparison between these maps reveals a dramatic physiographic change 689 

from an extended sub horizontal continental shelf, with sediments filling the extensional basins, to the 690 

formation of the Elimi chain and deep basins in the northern area and several ponded basins. In other 691 

words, the Elimi chain, considered the product of Tortonian thrust tectonics, are the result of recent 692 

tectonic activity.  In particular, since the Middle Pleistocene the pre-existing extensional basins were 693 

reactivated as positive inversion structures. We document the existence of different structural styles and 694 

degree of inversion (from middle to total inversion and complete extrusion of the sediments) and of a 695 

complex pattern of deformation (E-W strike-slip faults, folds arranged in an en-échelon arrangement, 696 

negative flower structures) compatible with a dextral wrench zone. In this frame, the pre-existing 697 

extensional faults represent a tectonic discontinuity for the development of the new structure, and the 698 

complex and different evolution of the inverted basins is dependant by the position of these faults respect 699 
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the development of the new formed structure. Indeed, the inversion structures correspond to restraining 700 

and releasing bends of the E-W transcurrent fault zones. 701 

The earthquakes  of the study area are characterized by the focal mechanisms of ENE-WSW thrusts and E-702 

W dextral faults. For the first time we mapped tectonics structures compatible with the seismogenetic 703 

faults. 704 

The tectonic evolution of the area furnishes detailed constrain to the reconstruction of the plate kinematics 705 

of the central sector of the Africa/Europe plate boundary based on tomographic and SKS data (Wortel and 706 

Spakman, 2000; Piromallo and Morelli, 2003; Civello and Margheriti, 2004; Amaru, 2007; van der Meer et 707 

al., 2010), age of syn-tectonic deposits and geodynamic models (Handy et al., 2010; Faccenna et al., 2014, 708 

Müller et al., 2019). In particular, the influence of the toroidal flows, constrained in the space and in time, 709 

formed at the slab edge and migrating toward the East giving way to poloidal flows. At this point, since the 710 

Middle Pleistocene offshore western Sicily, the motion between Africa and Tyrrhenian crustal blocks is the 711 

result of shear tractions applied to the base of the blocks by the ductile deforming lower crust/mantle. 712 
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FIGURE CAPTIONS 719 

Fig. 1. Structural map of the Central Mediterranean region. Bathymetry and topography are from 720 

Brosolo et al. (2012). AlKaPeCa = Alboran-Kabilia-Peloritani-Calabria, Ka = Kabilia, KAL = Kumeta-Alcantara 721 

line, L M = Lower Miocene, MB = Marsili Basin, Mesoz = Mesozoic, Pe = Peloritani, PL = Pliocene, VB = 722 

Vavilov Basin. Main tectonic features are from Ghisetti and Vezzani (1984), Catalano et al. (1993), Milia et 723 

al. (2017, 2018, 2021), Catalano et al. (2018), Soumaya et al. (2018), and Milia and Torrente (2022). 724 

Quaternary structures of sites 1-6 are described in the text. The light blue rectangle marks the location of 725 

the study area. Lower ƭŜŦǘ ƛƴǎŜǘ ŘƛǎǇƭŀȅǎ ŜǇƛŎŜƴǘǊŜ ƭƻŎŀǘƛƻƴǎ ƻŦ aŘҗо ŜŀǊǘƘǉǳŀƪŜǎ ǘƘŀǘ ƻŎŎǳǊǊŜŘ ōŜǘǿŜŜƴ 726 

January 1985 and 22-7-2024 extracted from the Italian national catalogues (http://www.ingv.it ). Lower 727 

central inset shows the Moho depth map in the central Mediterranean(Grad et al., 2009).The upper inset 728 

shows the location of central sector (red rectangle) of the Mediterranean. 729 

Fig. 2. A) Index map of the seismic grid, wells and seafloor dredges of the Sardinia Channel and Sicily 730 

Channel. Thick black lines and orange dotted lines are, respectively the locations of seismic profiles and 731 

interpreted seismic profiles shown in the subsequent figures. Abbreviations stand as follows: AL = Alcamo 732 

well, CM = Corvina Mare well, CO = Corvi 1 well, ER = Ermione well, MO = Mozia 1 well, MU = Multichannel, 733 

N1bis = Nilde 1bis well, N2 = Narciso 2 well, NA = Nada 1 well, NE = Nettuno well, NI = Ninfea 1 well, NO = 734 

Noemi 1 well, NU = Nuccia well, O1 = Orlando 1 well, O2 = Orlando 2 well, SA = Santuzza well, SM = 735 

Samanta well, SP = Sparker, TA = Tania 1 well, TP = Trapani well, TU = Tullia 1well. Age of seafloor dredge 736 

samples are from Catalano et al., (1985); Compagnoni et al., (1989); Sartori, (2005). B) Stratigraphic 737 

successions of two selected deep wells offshore western Sicily. Abbreviations stand as follows: TR = Trias, J 738 

= Jurassic, CR = Cretaceous, M, PA = Paleocene, EO = Eocene, OL = Oligocene, MI = Miocene, TO = 739 

Tortonian, ME = Messinian, PL = Pliocene, PT = Pleistocene, L = Lower, M = Middle, U = Upper. Modified 740 

from Milia et al. (2021). 741 

Fig. 3. Physiographic map of the Sicily offshore (in two-way travel time, twtt) obtained from the seismic 742 

interpretation and interpolation of the sea-floor surface. Thick dotted white line = shelf edge; whitestar = 743 

seamount; arrowed white line = main submarine valley; r, s, t = ponded basins. F = Favignana, M = 744 

Marettimo . Contour interval is 0.1 s (twtt). 745 

Fig. 4. A) Interpreted multichannel seismic profile showing undeformed units PQ and M that cover in 746 

onlap the acoustic substrate. PQ=Plio-Quaternary deposits; M=Messinian deposits (modified from Milia et 747 

al., 2021). B) Interpreted multichannel seismic profile displaying gentle deformed units PQ and M above the 748 

acoustic substrate affected by Miocene thrust faults. PQ=Plio-Quaternary deposits; M=Messinian deposits 749 

(modified from Milia et al., 2021). C) Interpreted multichannel seismic profile displaying folded and faulted 750 

unit PQ. PQ=Plio-Quaternary deposits. D) Isochron map of unit PQ. Thick black lines are normal faults, white 751 

dashed line = shelf break. Contour interval is 0.15 s (modified from Milia et al., 2021). E) Detail of the 752 

seismic facies. 753 

http://www.ingv.it/
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Fig. 5. Interpreted seismic profiles to show the main characteristics  of the inversion structures 754 

(numbered from 1 to 7) in the western sector of the study area. Yellow unit corresponds to Plio-Quaternary 755 

deposits (separated into subunits by dotted black lines). See text for further explanations. 756 

Fig. 6. A) Isochron map of unit PQ. Thick black lines are normal faults. Contour interval is 0.15 s. B) 2D 757 

contour map of unconformity U at the top of the deformed deposits. Contour interval is 0.1 s. C) Structural 758 

map of the offshore western Sicily fault system. 1) dextral fault, 2) upthrust fault, 3) antiform, 4) normal 759 

fault, 5) negative flower structure, 6) crest of positive structural inversion, 7) boundary of positive 760 

structural inversion, 8a) epicenter of earthquake with M>3, 8b) epicentre of earthquake with strike-slip 761 

fault focal mechanism and M>4, 8c) epicentre of earthquake with thrust-fault focal mechanism and M>4. 762 

E.I.= Egadi Island, S.V. =San Vito village. Focal mechanisms are from INGV.it and Soumaya et al., (2015). See 763 

text for further explanations. 764 

Fig. 7. Interpreted seismic profiles illustrating the main structures in the eastern sector of the study area. 765 

Yellow unit corresponds to Plio-Quaternary deposits (separated into subunits by dotted black lines). See 766 

text for further explanations. 767 

Fig. 8. Interpreted serial seismic profiles showing the different structures associated to the tectonic 768 

inversion (numbered from 8 to 10) in the southern sector of the study area. Yellow = lower subunit PQ, 769 

light green = upper subunit PQ. U = Unconformity. See text for further explanations. 770 

Fig. 9. CROP M23AA seismic profile extending from the Algerian basin to the Western Sicily Margin 771 

(crossing the b seamount) and interpretation. Unit C= Cretaceous carbonates, Unit LMc = Oligocene-Lower 772 

Miocene deposits, Unit N = Numidian Flysch, Unit T = Serravallian-Tortonian deposits, Unit PQ= Plio-773 

Quaternary deposits. See text for explanation. Modified from Milia and Torrente (2022). B) CROP M29 774 

seismic profile extending from the Sicily Strait to the southern Tyrrhenian Sea (crossing the 775 

a and b seamounts) and interpretation. See text for explanation. C) CROP M28A seismic profile extending 776 

north of Sicily in the southern Tyrrhenian Sea (crossing the c seamount) and interpretation. See text for 777 

further explanations. 778 

Fig. 10. Serial sections across the offshore western Sicily fault system. Yellow unit corresponds to Plio-779 

Quaternary deposits. See text for further explanations. 780 

Fig. 11. Interpreted seismic profiles of the western sector showing the features of the offshore western 781 

Sicily fault system. Unit PQ = Plio-Quaternary deposits. See text for further explanations. 782 

Fig. 12. Interpreted NE-SW serial seismic profiles in the southern sector of the study area. Yellow = lower 783 

subunit PQ, light green= upper subunit PQ. See text for further explanations. 784 

Fig. 13. A) Isochron map of lower subunit PQ in the southern sector. Contour interval is 0.1 s. B) Isochron 785 

map of upper subunit PQ in the southern sector. Contour interval is 0.05 s. C) The 3-D digital model 786 

inserted into the spatial-oriented grid of the unconformity U at the top of the deformed deposits. The 787 

vertical scale is in seconds. The view is from northwest. D) Structural contour map of unconformity U 788 
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situated at the base of the relatively undeformed strata in the southern sector; 1 = antiform, 2 = synform, 3 789 

= reverse fault, 4 = normal fault. Contour interval is 0.1 s. 790 

Fig. 14.A) Tectonic map of the study area. NF = normal fault, RF = reverse fault, C = shortening, E = 791 

elongation, 1) dextral fault, 2) upthrust fault, 3) antiform, 4) normal fault, 5) negative flower structure, 6) 792 

positive inversion structure, 7) boundary of positive structural inversion, 8) Pliocene normal fault, 9) in-line 793 

fold. B) Tectonic map of the southern sector showing the displacement partitioning in a right-lateral 794 

transpressive zone (pure shear plus simple shear) and the associated in-line and strike-slip structures. C) 3-795 

D tectonic sketch. The geological surface corresponds the unconformity U. The view is from the South. 796 

Fig. 15. Cross sections (location in the inset) illustrating the evolution of the subduction process along 797 

the Tyrrhenian Sea during the last 16 Ma. Blue arrows = poloidal mantle flow, black circular arcs = lateral 798 

(toroidal) flow of the mantle, red arrows = slab rollback. Green rectangles correspond to the study area. 799 

800 
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