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Gateways, seaways, and straits are physical elements of sedimentary basins that are hierarchically 

distinguished based on their dimensions and temporal persistence. The term ‘gateway’ applies to 

any oceanographic or marine connection, regardless of its size (width and length), duration, and 

depth (shallow vs. deep water). Seaways are broad marine passages, spanning from 100s to 1000s of 

kilometres in width, and active in the range from 100s of years to 10s of kyr in geological time. 

Straits are narrower passageways, connecting sub-basins within larger marine areas, persisting for 

no longer than 10 kyr and producing a distinct sedimentary record as individual depositional 

systems. 

In this paper, we focus on the Modern Central-Mediterranean Gateway (MCMG), nowadays 

represented by the coalescent Strait of Sicily, Egadi Islands and the Messina Strait. These 

connections, linking the western with the eastern Mediterranean sub-basins, drive continuous 

tidally-modulated water exchange and sediment transport, representing an example of a modern 

gateway. Then, we provide field-based examples of the sedimentary record of the former gateway, 

referred to as the Ancient Central-Mediterranean Gateway (ACMG), here represented by four major 

straits that developed during the Pliocene-Quaternary along localized grabens dissecting the 

southernmost edge of the Italian peninsula. We discuss the geological features of each of these 

straits, along with their depositional architectures and facies. These elements record the initiation of 

specific depositional processes, possibly enhanced by a stronger penetration of the Atlantic Water 

Inflow from the Gibraltar Strait, reinforced by the onset of the northern hemisphere glaciation.  
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Introduction 

Gateways, seaways, and straits are geographical terms widely used to refer to marine passages 

situated between emerged land masses, connecting larger adjacent oceans, seas, or relatively 

sheltered basins. Historically, humans have strategically utilized these natural systems to their 

advantage: (i) serving as preferential navigation routes, often allowing avoidance of longer 

circumnavigations of lands (Roach, 2021); (ii) offering highly productive fishing zones, as nutrients 

carried by currents attract a variety of fish (Jagerroos, 2016); (iii) functioning as military routes, 

useful for converging naval fleets during battles (Handeland, 2022); and (iv) establishing political 

borders, often defining boundaries between adjacent countries  (Şener, 2015). Additionally, 

gateways, seaways, and straits have inspired mythological legends, likely influenced by their 

energetic hydrodynamics and surface water perturbations (see a comprehensive review in Pratt, 

1990). 

Geological interest in gateways, seaways, and straits has grown recently, primarily focusing 

on natural phenomena occurring in the submerged portions of these systems (Longhitano, 2013; 

Longhitano & Chiarella, 2020; Dalrymple, 2022; Rossi et al., 2023a). The complex hydrodynamics of 

these areas has been a significant field of research since the 1960s (e.g., Defant, 1961; Assaf and 

Hecht, 1974; Pugh, 1987; Pratt, 1990), following international conferences aimed at better 

understanding water movement in gateways. This interest continues today, with increasingly 

advanced geophysical surveying techniques, focused on: (i) changes in energy regime for vertical and 

horizontal transfers of water currents (Lane-Serff, 2004); (ii) tidal perturbations and flow circulation 

(Garrett, 2004); (iii) separation of baroclinic and barotropic water masses (Duan et al., 2020); (iv) 

heat transport and thermal regulation of adjacent climatic regions (e.g., Hotinski & Toggweiler, 2003; 

Tan et al., 2022); and (v) propagation of internal waves (Alpers et al., 2008). Gateways have also 

gained attention due to the unique ecological phenomena that occur in these confined or semi-

confined marine zones, acting as both biological corridors and barriers (Lott, 2022). This includes the 

acclimatization of certain species and the separation of bioprovinces due to differences in 

environmental conditions between basins (e.g., Öztürk & Öztürk, 1996). Finally, (vi) gateway s and 

straits play a role in the distribution of sediment, including the dispersion of microplastics (Chiarella 

and Hernandéz-Molina, 2021). 

In recent decades, geoscientists have also turned their attention to studying gateways, 

seaways, and straits from the past (Steel et al., 2012; Reynaud et al., 2012; Longhitano, 2018b, 

among others). They have focused on their structural settings, stepwise evolution, the role of 

opening and closure in paleogeographic reconstructions, and mechanisms of sediment erosion, 

transport, and accumulation (e.g., Olariu et al., 2012; Longhitano et al., 2015; Minor et al., 2022; 

Rossi et al., 2023a). Starting with the analysis of modern marine systems, these aspects have been 

further refined through the study of ancient analogues, their stratigraphic records, and facies 

signatures (e.g., Longhitano, 2013; Chiarella et al., 2020; Longhitano & Chiarella, 2020; de Weger et 

al., 2021; Cavazza & Longhitano, 2022; Hernandéz-Molina et al., 2022; Rossi et al., 2023b). 

In this paper, we aim to briefly highlight how gateways, seaways, and straits can represent natural 

geological systems with distinctive features. We use the coalescent Strait of Sicily, Egadi Islands 

passage and Messina Strait as examples of a present-day gateway. Along these corridors, in 

particular the larger Strait of Sicily, the Atlantic Water Inflow (AWI) , encroaching the western 

Mediterranean, propagates eastward and is compressed and accelerated through this Modern 

Central-Mediterranean Gateway (MCMG). Then, we describe the ancient counterpart of this 
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gateway, whose sedimentary remnants are today preserved in a number of Plio-Pleistocene 

outcrops exposed from central Calabria to western Sicily. We present field-based data collected over 

15 years of research on four major tidal straits, which formed across the southernmost terminus of 

Italy during a period of tectonic fragmentation and collapse. These four tidal corridors, namely the 

Catanzaro, Siderno, Messina, and Egadi Straits, became simultaneously active and, together with the 

Strait of Sicily, served as connectors between the western and eastern Mediterranean, representing 

the Ancient Central-Mediterranean Gateway (ACMG). Due to a specific marine setting in this central 

portion of the Mediterranean Basin, a tidal reversal sea-water circulation resulted in strong tidal 

currents flowing through these passageways, generating sedimentary features characteristic of tidal 

straits. The depositional record of a series of strait processes can now be observed in spectacular 

outcrop sections described in this study. 

Gateways, seaways and straits 

While numerous studies have revealed the distinct geological characteristics of gateway, seaway and 

strait systems, the scientific literature over the last decade typically used these terms 

interchangeably, overlooking discrimination in size, morphology, persistence at geological timescale, 

and structural setting (Flecker et al., 2015; Bialik et al., 2019). This raises fundamental questions: Is it 

scientifically beneficial to differentiate the geological usage of these terms? Can these systems be 

accurately identified by using these terms as synonyms, or do they carry meaningful differences and 

categories? 

Certainly, there is merit in assigning distinct names to different phenomena. This allows 

categorizing natural systems that, while sharing the common feature of representing sea passages, 

exhibit geological distinctions. In nature, gateways, seaways, and straits display a vast range of 

morphologies, sizes, tectonic settings, depth ranges, types of marine currents, and sediment budgets 

(Dalrymple, 2022). Understanding their contemporary geological processes, whose magnitude is 

primarily linked to their spatial and temporal scales, can greatly facilitate the identification of 

oceanographical, morphological, and sedimentological characteristics. Ultimately, a classification of 

sea passages aids in predicting ancient analogues in the subsurface, comprehending their 

stratigraphy, and evaluation      of their significance within paleogeographic frameworks, as well as 

their impact on biota distribution and potential as reservoirs and CO2 storage sites. In this regard, 

there are hydrocarbon discoveries that have recently been interpreted to result from deposition in 

subaqueous passageways, including the Middle Jurassic Garn Formation preserved in the Halten 

Terrace, in the subsurface of the Norwegian Continental Shelf (Messina et al., 2014; Obasuyi et al., 

sub.) or the earliest Eocene-to-Quaternary sedimentary record of the SW Barents Seaway (Lasabuda 

et al., 2023). 

Only recently, a comprehensive review by Rossi et al. (2023b) proposed a significant 

differentiation between the terms 'seaway' and 'strait', encompassing geomorphological, 

oceanographic, geological, and depositional characteristics of various modern and ancient examples, 

with a strong emphasis on recognition in the rock record. These authors posit that 'straits' and 

'seaways' can be distinguished based on their spatial and temporal scales. This initial consideration 

carries substantial implications for oceanographic circulation patterns and their influence on plate -

tectonic paleogeographical reconstructions. The discrepancy in spatial scales influences 

hydrodynamics and sediment distribution patterns. Straits represent individual depositional systems, 

characterized by distinct sedimentary features, including bedform and facies variability along 

sediment transport pathways. studies demonstrate systematic changes in the geometry of large 
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cross strata in 10s of metres thick sand-rich successions, interfingering with coarse-grained marginal 

deposits or merging distally into fine-grained, highly bioturbated heterolithics (Longhitano et al., 

2014; Longhitano & Miocic, 2024). Seaways, on the other hand, encompass larger and more 

enduring physiographic domains, which may include a variety of depositional systems, such as river 

deltas, estuaries, tidal flats, as well as deep-water fans, among others. Straits generate high-energy 

flows, turbulence, eddies, and interactions with surficial and internal waves, whereas seaways are 

presently characterized by prolonged current circulation patterns and significant water mass 

stratification (Rossi et al., 2023b). Rossi et al. (2023b) suggest that straits and seaways exhibit 

markedly distinct stratigraphic signatures in the rock record. However, due to the considerable 

variability observed in modern examples, they suggest that straits and seaways should be viewed as 

opposing ends of a continuum, signifying the existence of intermediate cases with transitional 

characteristics. 

Here, we propose the term 'gateway' to denote any subaqueous passageway system, 

regardless of size, depth, and temporal persistence. Lateral confinement by emerging or shallow-

submerged margins is a crucial factor, affecting both seaways (larger passages) and straits (smaller 

passages), in generating specific types of oceanographic circulation and sediment distribution  

patterns. For instance, a network of multiple connections between adjacent wider basins through 

various channels of different size and length can be considered a gateway (Fig. 1). Striking examples 

of gateways include the Caribbean connection, bounded by the North and South American 

continents, which links the Atlantic Ocean with the Caribbean Sea and the Gulf of Mexico (Fig. 2A) ; 

and the Kuril Archipelago, situated between Hokkaido Island (Japan) and the Kamchatka Peninsula 

(Russia) (Fig. 2B). Both cases consist of multiple smaller passageways, each with its own geological 

history and oceanic dynamics (Bulgakov, 1996; Dolan and Mann, 1998). A present-day example is the 

Davis Seaway, located between Greenland and Canada (Fig. 2C). The Davis Seaway is 330 km at its 

narrowest, but widens to 600 km toward Baffin Bay and up to 900 km in the Labrador Sea (Fig. 2C). It 

features lateral shelves along both margins, including various canyons and large river deltas 

(Harrison et al., 1999). In contrast, the Dover Strait is a shorter-lived and narrower marine 

connection between England and France, formed after the Late Quaternary interglacial flooding 

(Gupta et al., 2017). It includes a variety of distinctive morpho-bathymetric, erosional and 

depositional features typical of straits (Fig. 2D). 

In this paper, we focus on a modern example of a gateway that connects the western with the 

eastern Mediterranean sub-basins. This central Mediterranean gateway was already active in Late 

Pliocene to Early Pleistocene times, depositing a sedimentary record today magnificently exposed in 

stratigraphic successions of onshore Calabria and Sicily. 

Modern Central-Mediterranean Gateway (MCMG) 

The Mediterranean is a marine basin approximately 3,750 km in length and 1,735 km in width, 

covering an area of about 2,470,000 km². The basin is bordered by Africa to the south, Europe to the 

north and west, and Asia to the east (Fig. 3). The average depth of the Mediterranean is around 

1,500 m, with the deepest point reaching -5,267 m in the Hellenic Trough (Brosolo et al., 2012). 

From an oceanographic perspective, the Mediterranean experiences a net inflow of water through 

the Gibraltar Strait from the west and, to a lesser extent, from the northeast through the 

Dardanelles Strait. This net inflow compensates for a negative freshwater balance, as evaporation 

exceeds precipitation and river runoff (Sanchez-Gomez et al., 2011). 
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The Mediterranean Basin is traditionally divided into two sectors: the western 

Mediterranean and the eastern Mediterranean (Miramontes et al., 2023). This division is based on 

the coastal constriction represented by the Strait of Sicily, along with the passage between the Egadi 

Islands, and the Messina Strait (Fig. 3). This multiple passageway, ca. 450 km wide, is referred to as 

the Modern Central-Mediterranean Gateway (MCMG), separating two regions with significant 

variations in terms of water salinity, current patterns, and heat distribution (Parras-Berrocal et al., 

2020). 

The western Mediterranean in particular is strongly influenced by the Atlantic Water Inflow 

(AWI) (Millot, 1999; Robinson et al., 2001; Sotillo et al., 2016). While the AWI affects current 

circulation and governs the distribution of heat and salt, there is notable water mass stratification in 

the Mediterranean due to the lower salinity and temperature of the AWI. This stratification results in 

a surface current over the more saline and warmer Levantine Intermediate Water (LIW; Fig. 3) 

(Robinson et al., 1991; Demirov and Pinardi, 2002; Waldman et al., 2018). As a consequence, in 

various coastal restriction zones of the central Mediterranean, loose sediment on the seabed is 

reworked into bedform fields. The migration direction of these bedforms reflects the influence of 

both the AWI and LIW currents, with their respective depths interacting with seafloor topography 

(e.g., Longhitano, 2018; Agate et al., 2023). 

A composite topographic-bathymetric profile from the northeastern edge of Tunisia, passing 

through Sicily and the mainland of Calabria, delineates the present-day cross-section of the MCMG 

(Fig. 4). The Strait of Sicily and the Egadi Passage, between the Island of Marettimo and the 

westernmost edge of Sicily, encompass a broad area of subsided carbonate platforms and shallow -

submerged sea-floor highs, effectively separating Africa from Sicily. Bathymetric contours reveal a 

series of banks interspersed with deeper depressions (e.g., Colantoni, 1975; Civile et al., 2016). 

Quaternary sediment accumulation rates have been estimated at approximately 50 cm/kyr on the 

shallow banks and around 25 cm/kyr in the deeper depressions (Stanley et al., 1975). Recent 

bathymetric observations have confirmed the presence of coarse-grained bioclastic sands on the 

banks, and identified erosional surfaces sculpted by currents in the troughs (Agate et al., 2023). Fine -

grained sediments are predominant in the deeper sector of the Strait of Sicily, transported primarily 

by turbidity currents and contourites (Stanley, 1985; Marani et al., 1993; Martorelli et al., 2011).  

Currents within the Strait of Sicily and around the Egadi Islands have generated bedform fields. In 

the latter, southward-migrating subaqueous dunes have been observed around 45-50 m water 

depth southeast of Levanzo and east of Marettimo Islands, where dunes of 1-2 m high move 

eastward (Orru et al., 1993; Lermusiaux and Robinson, 2001; Agate et al., 2023). Bedform fields are a 

significant distinguishing feature in modern straits and seaways (Dalrymple, 2022). Unlike other tidal 

depositional systems where dunes and bars are common (e.g., estuaries, tidal flats and deltas), tidal 

ridges and complexes of dunes accumulated in straits produce anomalously thick, cross-stratified 

deposits due to lateral constriction. This element provides a major diagnostic criterion for the 

recognition of ancient analogue systems preserved in the rock record (Longhitano and Chiarella, 

2020). 

Ancient Central-Mediterranean Gateway (ACMG) 

Southern Italy currently represents the culmination of a complex orogenic zone resulting from the 

north-south collision and subduction of the African and European Plates (Figs. 3 and 5). Although the 

collision predominantly commenced in the Early Cenozoic, the present-day configuration of the 

Italian southern peninsula and Sicily took shape during the Plio-Pleistocene (Cello, 1987; Catalano 
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and Milia, 1990; Casero and Roure, 1994; Catalano et al., 2011). This portion of the southern Italy 

Orogen, which exhibits a distinctive arcuate shape due to its location at the zone of maximum 

restriction between Africa and Europe (e.g., Gueguen et al., 1998; Patacca and Scandone, 2007; 

Gallais et al., 2013), separates two sub-Mediterranean marine basins: the Tyrrhenian Sea to the 

northwest and the Ionian Sea to the southeast (Fig. 5). 

The Strait of Sicily is a long-lived rift passageway (Fig. 5) (Argnani, 1990) that emerged after 

the Messinian Salinity Crisis (ca. 5.97-5.33 Ma), when the Mediterranean experienced a significant 

(>1 km) drop in sea level, followed by a catastrophic marine refilling event recorded at the base of 

the Zanclean (García-Castellanos et al., 2009; Van Dijk et al., 2023). During the refilling phase, the 

Strait of Sicily reconnected the western and eastern parts of the Mediterranean, a condition that 

persists to the present day. 

This major central passageway was not the sole connection between the western and 

eastern Mediterranean sub-basins. During later stages of structural evolution, the southern 

Apennine Orogen underwent a complex phase of tectonic block-faulting attributed to a semi-

regional-scale process of N-S and E-W striking back-arc extension (Catalano et al., 2008; Milia et al., 

2021). A direct consequence of this extension and fragmentation was the opening of several 

grabens, oriented both parallel and perpendicular to the direction of maximum extension (Fig. 5). 

These sub-basins were inundated by marine waters, establishing additional connections between 

the Tyrrhenian and Ionian Basins, complementing the role of the Strait of Sicily as a significant 

passageway in the central Mediterranean (Longhitano, 2012; Longhitano et al., 2012b).  

These straits together were elements of the Ancient Central-Mediterranean Gateway (ACMG), which 

was larger than its modern counterpart (Fig. 4). The gateway facilitated exchanges of water masses 

between AWI and LIW, and sediment transfer between the interconnected marine areas of the 

central Mediterranean. Local conditions of current funnelling, and subsequent amplification of 

horizontal flow, led to scouring within the narrowest zones of these straits, forming sand-rich dune-

bedded complexes that extended toward both ends of the straits (Longhitano, 2013). Dunes formed 

delta-like subaqueous deposits (Dalrymple, 2022), sand ridges (Chiarella et al., 2020; Longhitano et 

al., 2021), or patchy fields, possibly reflecting differentiated conditions of sediment supply vs. 

accommodation. Deposits generated under these various sedimentary dynamics in these straits 

during the Plio-Pleistocene, are now exposed in central-southern Calabria in southern Italy, and in 

western Sicily (Fig. 4). 

Early Pleistocene tidal straits and sedimentary infill 

The terminal segment of the southern Italy orogenic belt, encompassing the regions of Calabria and 
Sicily, arguably hosts the best outcrop examples of ancient tidal straits that formed in this part of the 
central Mediterranean during the Plio-Pleistocene (Longhitano, 2012). The Ancient Central-
Mediterranean Gateway (ACMG) includes the areas of Catanzaro, Siderno, Messina, and the Egadi 
Islands (Fig. 6) where sedimentary successions dominated by large-scale cross-stratification are 
spectacularly exposed. These sedimentary deposits share sedimentological features and depositional 
architectures, detailed in the following section, with examples drawn from each of the outcropping 
paleostraits. The physical characteristics of the sedimentary infills have long been interpreted as 
evidence of the initiation of a robust tidal circulation established between the Tyrrhenian and Ionian 
Seas, embodying the multiple connections between the western and eastern Mediterranean basins.  
Catanzaro Strait 

The Catanzaro Strait, elongated in a WNW–ESE direction, stands as the northernmost tidal 

passageway within the ACMG (Fig. 6A). Its sedimentary infill spans from the Pliocene to the 
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Quaternary (Roda, 1967; Tansi et al., 2007; Chiarella et al., 2012). However, it was not until the Early 

Pleistocene that its tectonic configuration turned into a strait, linking the Tyrrhenian and Ionian Seas, 

initiating the exchange of marine waters, leading to amplified horizontal tidal currents (Longhitano 

et al., 2014). 

The onshore section of the Catanzaro Strait is presently situated between two uplifted basement 

blocks to the north and south, the Serre and Sila Massifs respectively (see Fig. 6A). The intervening 

sedimentary deposits reach up to 670 m in thickness and are predominantly of marine origin 

(Longhitano et al., 2014; Brutto et al., 2016). The Lower Pleistocene succession comprises 

approximately 100 m of dominantly mixed siliciclastic-bioclastic sandstones (sensu Chiarella et al., 

2017), and to a lesser extent mudstones (Fig. 7). The mixed sandstones transgressively overlie open-

shelf marlstones of 2-12 m thick, and exhibit extensive trough and planar cross stratification 

attributed to a tidal origin (Fig. 7A-E). The tidal interpretation of these cross strata is based on the 

frequent occurrence of a variety of sedimentary structures, including: double mud or carbonate 

drapes comprised within foreset sequences, bundles of coarsening- to fining-upward inclined 

laminae, alternation of angular and tangential toesets geometry, asymmetric herringbone cross 

strata and regularly-spaced reactivation surfaces (Longhitano et al., 2012a; Longhitano et al., 2014; 

Chiarella, 2016; Chiarella et al., 2016; Longhitano & Chiarella, 2020; Chiarella et al., 2024). The cross-

stratified tidal sandstones are overlain by indistinctly stratified, intensely bioturbated mudstones of 

20-60 m thick. This upward-deepening stratigraphic trend documents a significant tectonically-

driven transgression, recording the evolution of the Catanzaro Strait from a tide -dominated 

passageway, approximately 30-50 m deep and 3-4 km wide, into a broader and deeper non-tidal 

seaway with mudstone deposits (Chiarella, 2011; Longhitano et al., 2014; Brutto et al., 2016). 

Siderno Strait 

The Siderno Strait represents an additional former connection between the Tyrrhenian and Ionian 

Seas, forming the northeastern boundary of the ACMG (see Fig. 6B). The Siderno Strait trends 

WNW–ESE and was 20 km wide and 50 km long, likely representing the largest among the tidal 

straits of the ACMG during the Early Pleistocene (Longhitano et al., 2021a,b). Owing to the opposing 

tidal phases between the two basins, there was a continuous exchange of water masses through the 

strait, resulting in robust, bi-directional tidal currents (Colella & D’Alessandro, 1988). Sediments 

filling the Siderno Strait originated from both fluvial sources at the margins, and intra-basinal 

autochthonous carbonate-factory debris (Rossi et al., 2017). 

Outcrops (Fig. 8) encompass deltaic fluvial-dominated deposits along the strait margin, shed from 

the tectonically-influenced northern border, which appear to have been reworked by tidal currents 

in the distal reaches of the delta front. This succession is approximately 170 m thick, containing 

erosion-based, 4–5 m-thick pebbly-sandstone strata intercalated with 2–3 m-thick tide-generated 

cross strata. These exposures are located progressively down-current of the inferred entry point to 

the north (Rossi et al., 2017). In the axial part of the Siderno Strait, the approximately 150–190 m 

thick succession consists of cross-stratified mixed bioclastic-siliciclastic deposits. These strata form a 

series of elongated ridges, oriented WNW-ESE, that accumulated in the southeastern central zone 

(Longhitano et al., 2021a). The interplay between the tectonic uplift of a central bedrock sill and a 

number of syn-sedimentary faults, along with high-frequency relative sea-level changes induced by 

glacio-eustacy and active tectonics, can be discerned from the architecture of the tide -generated 

cross strata composing the main body of the ridges (Longhitano et al., 2021a,b; Longhitano & Miocic, 

2024). 
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Messina Strait 

The modern Messina Strait is ca. 3 km wide and separates Sicily from the Italian peninsula, marking 

the easternmost tide-dominated marine passage of the MCMG. The Messina Strait is a tectonically-

controlled corridor, where marginal faults, active in recent times, have sculpted the strait into an S -

shaped channel (e.g., Dorsey et al., 2023 and references therein). The depth of the strait varies, 

ranging from ca. 80 m at the central sill to several hundred metres at the entries to the south and 

north (Selli et al., 1979; Colantoni, 1987; Montenat et al., 1987). Tides play a significant role in 

shaping the sea floor of the modern Messina Strait, forming distinct erosional features, governing 

primary sediment transport routes, and facilitating the migration of distinctive tidal bedforms 

(Longhitano, 2018a). Recent geophysical studies (e.g., Martorelli et al., 2022) show that textural and 

dimensional attributes of these bottom features correlate with current velocity trends and primary 

directions, confirming a specific partitioning of the strait into several distinct sedimentary zones 

(Longhitano, 2013; 2018a). 

During the Early Pleistocene, similar conditions prevailed across the N-S-striking Messina Strait, 

while the paleostrait was larger than its modern counterpart (Fig. 6C; Barrier, 1986; 1987a,b; 

Longhitano, 2018b). Considerable volumes of siliciclastic and bioclastic sediments accumulated in 

the ancient Messina Strait, likely under tidal hydrodynamics resembling those of today (Montenat et 

al., 1987; Longhitano, 2018a,b). The 250 m-thick infilling succession, currently exposed along the 

opposite margins of the modern passageway, offers a nearly complete stratigraphic framework of 

the ancient strait. The central zone of the paleostrait is recorded in a condensed section consisting of 

coarse-grained strata, onlapping the flanks of a tectonic horst in the southern sector of the strait in 

onshore Calabria, and extending offshore into the modern strait. The structural paleo -high 

symmetrically separated two opposing depositional zones to the north and south (Fig. 6C). These 

zones are represented by stratigraphic sections ranging from 100 to 200 m in thickness, displaying 

extensive tidal cross-stratified sandstones and distinct vertical facies stacking (Fig. 9). These deposits 

document the migration of several generations of tidal dunes, forming extensive bedform fields in 

the ancient strait. Large-scale cross strata grade down-current into intensely bioturbated fines, 

occasionally intercalated with small-scale, coarser-grained tidal cross strata, representing the distal 

periphery of the Early Pleistocene strait. The eastern paleo-margin of the strait showcases examples 

of fan-delta systems and canyon-heads, which are recognized as additional characteristic features of 

tectonically-confined marine passages (Longhitano, 2013; Longhitano & Steel, 2016; Rossi et al., 

2017; Chiarella et al., 2021; Longhitano et al., 2021c). 

Egadi Islands Passage 

The Egadi Archipelago represents the westernmost edge of the ACMG, located on the westward 

continuation of the Sicily Shelf, comprising three major islands: Marettimo, Levanzo and Favignana 

(Fig. 6D). Thrusting of Mesozoic-Tertiary sedimentary rocks uplifted the islands since the Pliocene 

(Catalano et al., 1996) generating N-S-striking subaqueous passages between Marettimo and the 

Levanzo-Favignana block (22 km long, 15 km wide, 200 m deep), and between the Levanzo-

Favignana block and Sicily mainland (20 km long, 6 km wide, 40 m deep). In addition, a smaller and 

shallower channel separates the islands of Levanzo and Favignana. These marine passageways 

primarily receive the oceanographic influence of the AWI, converging a robust current circulation 

oriented mostly south-eastward (see https://embed.windy.com/). Currents in the passageways 

govern the development of modern subaqueous dune fields of variable size, wavelength, and 

migration direction (Orru et al., 1993; Lermusiaux and Robinson, 2001; Agate et al., 2023).  
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Recent sedimentological studies, focused on Lower Pleistocene cross strata exposed on eastern 

Favignana Island, suggest that the Egadi Archipelago experienced marine currents similar to the 

modern ones (Fig. 6D), leading to the accumulation of coarse-grained carbonate sediments 

organized into subaqueous dune complexes (Abate et al., 1997; Slootman et al., 2016; 2019). These 

dunes formed 15-60 m-thick, vertically stacked prograding units, reflecting highstand accretion 

during the Early Pleistocene Emilian sub-stage (Slootman et al., 2016). While previous work did not 

identify clear evidence of tidal periodicities within the depositional architecture of these cross -

stratified complexes, their general features closely resemble those observed in the other ancient 

straits of the ACMG. 

Cross-stratified sandstone complexes and related processes 

The paleostrait sedimentary infills of the Catanzaro, Siderno, Messina and Egadi Islands Straits 

cropping out along the ACMG are all typified by anomalously thick (calcareous) sandstone 

complexes, typically generated by the superposition of actively migrating tidal dunes (Allen, 1982; 

Dalrymple, 1984; Shi, 1991; Dalrymple, 2010; Desjardins et al., 2012; Longhitano et al., 2012a). These 

sand bodies are often laterally bounded by syn-depositional faults, which played a remarkable role 

in raising the margins and shaping the strait-basinal configuration, leading to lateral constriction and 

sediment overthickening (Fig. 6). Cross-stratified successions represent the most visually striking 

physical manifestation of the ‘dune-bedded strait zones’ as identified in the paleostraits of the 

ACMG (see Figs. 7 to 10). These zones correspond with the depositional areas marked with the 

highest sedimentation rates in each of the basins, characterized by sediment reworking by 

decelerating currents (Chiarella et al., 2012; Longhitano et al., 2014; 2021a,b; Longhitano 2018b), 

commonly forming delta-shaped complexes in modern straits (i.e., the ‘constriction-related deltas’ 

sensu Dalrymple, 2022). In the rock record, these facies typically form laterally-extensive sand-rich 

intervals (Fig. 7A, E, 8C, D, 9A and 10E). The primary morphology of these sediment bodies is 

frequently preserved owing to their thickness and, potentially, degree of cementation and 

compaction, even when subjected to prolonged subaerial erosion (e.g., Saïag et al., 2016). Cross -

strata accumulated in the paleostraits of the ACMG are typically devoid of muddy sediments (Fig. 

7B) due to the high-energy environment in which dune accretion occurred (Longhitano and Nemec, 

2005; Longhitano and Chiarella, 2020). In the Catanzaro Strait, for example, laterally-persistent cross 

strata show uninterrupted series of foreset laminae (Fig. 7C), indicating relatively long periods of 

subaqueous bedform accretion (e.g., Dejardins et al., 2012). Internal sedimentary structures, such as 

dm-thick cross strata accreting over the lee side of larger cross strata (Fig. 7D), reflect tidal 

conditions of a variety of periodicity scales, including semi-diurnal and diurnal flood-ebb cycles, half-

monthly neap-spring cycles, semi-annual equinoctial cycles, 8.8-year lunar apside cycles, and 18.6-

year nodal cycles (Pugh, 1987; Archer, 1995). All of these temporal tidal cycles are expected to 

somehow influence the accretion of individual tidal dunes and their internal characteristics, although 

tidal signatures can be masked or altered by basin-wide or non-tidal effects (Kvale, 2012), such as 

storms, occasional oceanic perturbations, internal waves, etc. (e.g., Prandle et al., 1993).  

Another distinctive characteristic of paleostrait deposits is the substantial thickness of tidal 

cross beds reaching up to several metres (Fig. 7E), implying sustained current velocities (2-3 m/sec) 

indicative of prolonged stable hydrodynamic systems of marine connection, reflecting stationary 

climate conditions (e.g., Weijer et al., 2019). 

Although cross-strata complexes often lack fine-grained deposits, mud is not entirely absent 

in strait sedimentary systems. Fine-grained intervals, laterally juxtaposing cross strata, have been 
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observed in numerous ACMG outcrops (Figs. 7F and 8C), and low-density bioclastic sediments 

playing the role of mud occur (Longhitano, 2011; Chiarella and Longhitano, 2012). Metres-thick 

heterolithic deposits are thought to represent mud-rich fringes of dune complexes, including 

sporadic dm-thick cross strata in lenticular coarser-grained intercalations, possibly accumulated in 

subaqueous sectors of the strait away from the major current locus, such as inter-dune areas 

(Longhitano & Chiarella, 2020). In case of subsequent periods of strait deepening, these finer-

grained deposits may be transgressively buried by sand-rich facies including smaller-scale cross 

strata (Fig. 7F), recording a general depletion of current energy in the strait (Longhitano et al., 2014; 

Longhitano 2018b). 

Additional distinctive internal structures (listed in order of decreasing size) include: (i) 

herringbone cross stratification, (ii) trough and tabular cross stratification, (iii) simple and compound 

foreset architectures, (iv) reactivation surfaces, (v) neap-spring coarsening-to-fining lamina intervals, 

and (vi) tidal 'rhythmites' and lamina bundles (Figs. 8 and 9) (e.g., Visser, 1980; Allen, 1982; Kvale 

and Archer, 1991; Darlymple et al., 1991). These physical sedimentary features are often associated 

with specific ichnogenera and fossil assemblages that indicate high-energy conditions. 

Bi-directional foresets form herringbone architectures when viewed in cross section (Fig. 

8A), yet in the ACMG strait-fill successions these structures exhibit two significant differences when 

compared with conventional herringbones generated in other tide -dominated systems such as 

estuaries, tidal flats, and tidal deltas. Differences include: (i) lack of mud-drape inter-strata due to 

high-energy currents that transport mud in suspension throughout the entire tidal cycle (Longhitano 

and Nemec, 2005); and (ii) the thickness of the two opposing foreset sub-units being notably 

different, with the dominant phase preserved as the thicker foreset and the subordinate phase as 

the thinner one (Fig. 8A) (Longhitano et al., 2014; Longhitano, 2018b). 

The dune-bedded complexes in the strait fills in southern Italy frequently display trough or 

festoon (three-dimensional) cross bedding, which laterally alternates with or juxtaposes tabular 

(two-dimensional) cross bedding (Fig. 8C) (see Rubin and Carter, 1987 for fundamental cross-

bedding terminology). These features are demarcated by master erosion-surfaces and comprise 

variable hierarchies of internal discontinuities (Fig. 8C). In some outcrops of the Siderno Strait, 

plane-parallel or low-angle stratification is also observed in finer-grained, intensely bioturbated 

deposits (Fig. 8C), indicating inter-dune regions, toesets, or upper-stage plane beds (Allen, 1982; 

Fielding, 2006; Longhitano, 2018b). Trough cross-stratification is distinguished by concave basal 

erosion surfaces, upon which angular or tangential foresets, interpreted to record the migration of 

sinusoidal-crested dunes under high bed-shear stress conditions (Rubin, 1987). In contrast, tabular 

cross strata feature flat sub-horizontal or gently-dipping basal erosion surfaces (Fig. 8D), reflecting 

the migration of straight-crested dunes under conditions of lower bed-shear stresses (e.g., Costello 

and Southard, 1981; Harms et al., 1982; Rubin, 1987; Ashley, 1990; Venditti et al., 2005). These two 

types of cross stratification, i.e. trough and planar, exhibit tidal foresets with accretion roughly in the 

direction of the paleo-route of the tidal flow moving such bedforms (Allen, 1980; 1982). As current 

strength is inferred to diminish towards the strait exits (i.e., in the ‘dune -bedded strait zones’ sensu 

Longhitano, 2013) due to the expanding cross section, dunes grade down-current from three-

dimensional into two-dimensional, as documented in the Catanzaro Strait (Longhitano et al., 2014). 

Consequently, in dune-bedded successions, trough and planar cross strata are adjacent facies that 

tend to shift laterally over time (Fig. 8D). Reciprocal and systematic stacking of these different types 

of cross stratification can thus be employed as a proxy for reconstructing transgressive vs. regressive 

strait-fill successions (Longhitano & Chiarella, 2020). 
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Complex internal patterns of cross bedding are another distinctive structure frequently 

observed in strait-fill deposits of the ACMG. Simple dunes (Fig. 9A) are represented by foresets 

devoid of internal discontinuities (Allen, 1980; 1982; Dalrymple, 1984). The lamina geometry may 

cyclically change from angular to tangential (Fig. 9A), contingent with the accretion rate influenced 

by the acceleration or deceleration of currents down the dune lee side (e.g., Chiarella, 2016). Such 

periodic alternation is characteristic of strait systems in which tides exhibit significant asymmetry, 

marked by unidirectional currents with their velocity modulated on a bi-diurnal or diurnal basis 

(Longhitano, 2011). 

Compound dunes (Fig. 9B) result from parasitic smaller simple dunes migrating over the stoss of 

larger dunes, generating a higher-order cross stratification within the cross bedding accreted along 

the lee side of the larger bedform (i.e., compound cross stratification, Fig. 9C). Simple cross 

stratification may evolve down-current into compound cross stratification (Figs. 9C and 10B, D). This 

process is due to extended periods of current deceleration following stages of intensified currents 

(Ashley, 1990; Dalrymple, 2010; Slootman et al., 2019). In dune-bedded zones of the ACMG 

depositional record, compound cross bedding occurs over a range of thicknesses, from less than a 

metre to over 15 m (Figs. 7-10), associated with primary wavelengths from 10 m to several hundred 

metres (Longhitano, 2018b; Longhitano et al., 2021a). Similar to other tide-dominated settings, 

contemporary compound dunes in the MCMG demonstrate how smaller dunes migrate down the 

lee face of larger dunes. Consequently, in cross-sectional view, compound cross strata feature 

master bedding inclined to the direction of principal net sediment transport within that specific 

dune-bedded strait zone (Fig. 9B, C), composed of sets of cross strata with foresets dipping in the 

same direction. 

Tidal strait signatures 

Bi-directional reverse currents in tide-dominated straits are expected to exhibit a pronounced tidal 

asymmetry, characterized by different current velocities at each side of the passageway (Barnard et 

al., 2006). Specifically, the outgoing tidal phase on one side is consistently stronger than the ingoing 

phase on that side, because the current is propelled by acceleration through the strait centre. As the 

tidal cycle reverses, a similar hydrodynamic scenario operates on the opposite side of the strait 

(Longhitano, 2013, Ren et al., 2024). 

Studies on modern tidal straits, however, reveal that several factors may modify this 

simplistic model (see extensive review by Dalrymple, 2022), including: (i) bathymetric differences 

between the two sides of the strait, (ii) variations in the temperature and/or salinity of the 

converging water masses, and (iii) the morphological complexity of the strait coastlines. These 

elements introduce a dynamic variable, resulting in a nuanced distribution of energy across the 

depositional areas of the strait. This pivotal aspect significantly influences the spatial arrangement of 

resulting bedform fields, impacting their individual size and internal sedimentary features.  

In each of the ancient straits considered in this work, the dominant tidal phase at both 

depositional sides is consistently represented by large cross strata, whose foreset dip direction 

indicates the strait outlet (Figs. 7-10). The opposing subordinate tidal current is recorded by means 

of ‘reactivation surfaces’ (e.g., Reineck and Singh, 1980; Dalrymple, 2010) within the smaller dune 

structures (Fig. 9D), or as isolated thinner reverse foresets. Reactivation surfaces, or ‘pause planes’, 

are manifested as subtle erosion surfaces that interrupt the sequence of previously deposited, 

inclined lamina packages, indicating the initiation of a new generation of foresets, typically marked 

by a different dip angle (see Fig. 9D). Reactivation surfaces may also become evident through the 

presence of converging laminae forming pinch-out foreset wedges, arising from slight disparities in 
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dip angles and forming internal down-lap terminations of the overlying foreset onto the underlying 

foreset (see Fig. 9D). Reactivation surfaces signify a momentary cessation of the tidal current, 

resulting in a decrease in sediment transport capacity (Allen, 1982). As the water slacks, the more 

robust reverse tidal phase may become erosional, potentially removing part of the previously 

accreted foreset units. Conversely, the reverse tidal phase may also be too weak to accumulate a 

sand layer of significant thickness. In other cases, the resumption of the previous tidal current 

continues to accrete foresets, commencing from the previously abandoned surface.  

Another diagnostic physical element of tidal influence on laterally-accreting subaqueous 

bedforms comprises thickness series of inclined lamina packages (Longhitano, 2011, Chiarella and 

Longhitano, 2012; Longhitano et al., 2012a), which do not necessarily contain reverse foresets (Fig. 

9D) depending on the strength of the subordinate reverse tidal phase relative to the dominant tidal 

phase in each specific dune-bedded zone (e.g., Dalrymple, 1984; Dalrymple and Makino, 1989).  

Neap-to-spring tidal foreset intervals are additional features observed in strait-fill cross 

strata of the ACMG (Fig. 10A). Although identifying the record of apside and nodal changes may pose 

challenges, the cross-strata architecture in straits often reflects tidal cyclicity (Longhitano and 

Nemec, 2005; Longhitano et al., 2012b; Chiarella, 2016) and aligns with observations from other 

types of tidal deposits (e.g., Archer et al., 1991; Kvale and Archer, 1991; Nio and Yang, 1991; Shi, 

1991; Archer, 1995; 1998; Tessier, 1998). Tidal foreset in numerous outcrops of the studied Central 

Mediterranean straits likely reflect such cyclicity in the form of coarsening-to-fining-upward 

repeated lamina intervals (Fig. 10B). Commonly, spring-tide intervals also contain a higher 

abundance of bioclastic fragments, indicating an increased transport competence of the dominant 

current (Fig. 10C). Time-series repetitions documented in exceptionally well-preserved tidal foreset 

sequences of other ancient straits of southern Italy, have been interpreted to be related to 

equinoctial tidal cycles, based on the correlation of lamina counts with long-term periodicities 

(Longhitano et al., 2012b). It appears that deeper straits may be more inclined to record such longer 

time-scale tidal cycles, owing to its position in the subtidal environment and the absence of 

significant additional hydrodynamic factors that could potentially lead to episodic interruptions of 

the tidal cyclicity. Potentially, the thickness of a tidal record preserved as large cross-strata in straits 

may be indicative of different conditions of paleo-depth. For example, the internal sedimentary 

architectures documented in the bioclastic deposits of Favignana, in the Egadi Passage (Fig. 10), 

indicate interplays between persistent currents with episodic energetic surficial waves and 

sediment-laden supercritical gravity currents, generated in a relatively shallow-marine setting. 

Another distinctive tidal indicator in strait sedimentary infills of the ACMG is the presence of 

tidal bundles. In estuaries or tidal-flat sediments, bundles occur both as vertical and inclined 

(foreset) intervals of laminated to thinly bedded medium- to fine-grained sandstone, siltstone, and 

mudstone of tidal origin, exhibiting rhythmic variations in lamina/bed thickness and grain size 

formed over extended periods (e.g., semi-monthly, semi-annual, etc.) (Chan et al., 1994). Tidal 

bundles in strait-fill strata typically lack mud drapes, as fine-grained deposits are usually winnowed 

from the primary depositional areas due to the high-energy conditions occurring in these settings 

(Longhitano and Nemec, 2005). However, in the cross strata studied here, deposits equivalent to 

mud drapes can be represented by finer-grained intervals interbedded with intervals of coarser-

grained laminae, reflecting stages of current deceleration and subsequent reduction in transport 

competence (Fig. 10D, E). Additionally, in cases of dune accretion in sediments of mixed composition 

(i.e., siliciclastic and bioclastic together), tidal bundles can be preserved as pairs of alternating 

siliciclastic and bioclastic laminae or lamina packages, suggested to correspond with sandy and 
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muddy laminae in 'classic' tidal bundles (Longhitano, 2011). These bundles exhibit different 

hierarchical thickness orders, recording semi-diurnal, diurnal, synodic, tropical, anomalistic and 

semi-annual cyclicities (e.g., Kvale et al., 1998; Longhitano et al., 2010; 2012b; Chiarella, 2012). 

Finally, cyclical transitions of dune toesets along the dune-migration path, characterised by 

alternating tangential and angular geometries (Fig. 10F), represents another diagnostic feature to 

identify the presence of tide-modulated currents (Chiarella, 2016). 

Discussion and conclusions 

Gateways, seaways, and straits are important physiographic elements connecting basins and 

transferring water masses with implications for sediment distribution, heat transport and 

development of ecological provinces. Terminology used in the literature adopts gateway, seaways, 

and straits as synonymous while they should be carefully addressed case by case to identify specific 

features of each studied system. In this work, we suggest the use of ‘gateway’ as a generic non-

dimensional term to indicate a system of geographic connections between adjacent basins, which is 

not constrained by duration, width or depth. In contrast, the terms ‘seaway’ and ‘strait’ have 

dimensional connotations. Seaways are related to wide (i.e., from hundreds to thousands of 

kilometres) and long lasting (i.e., from hundreds to tens of kyr) connections. Straits, on the other 

hand, describe narrow (add dimensions here?) and short lasting (less than 10 kyr) connections (see 

Fig. 2). During the Plio-Pleistocene, the Ancient Central-Mediterranean Gateway (ACMG) linked the 

western with the eastern sector of the Mediterranean Basin. Sedimentary deposits recording the 

activity of portions of this gateway are nowadays well-preserved and exposed onshore in the 

southern termini of the Italian peninsula, comprising the Strait of Sicily and coalescent Egadi, 

Messina, Siderno, and Catanzaro Straits (Fig. 11). This study presented the depositional successions 

filling these tectonically controlled corridors to unveil the sedimentary signature of this ancient 

gateway. 

Examination of the deposits within the paleostraits of the ACMG reveals coeval sedimentary 

successions, bearing common stratal patterns, geometrical attributes, and facies features. Notably, 

large-scale cross stratification in sand-rich, bioclastic-dominated deposits denotes the migration and 

stacking of large subaqueous dunes. These phenomena result from bed-shear stresses induced by 

marine currents, amplified by the interaction with local coastal restrictions or flow funnelling 

through straits (Fig. 11). This distinctive sedimentary signature is associated with internal structures 

as described in this study, including foreset lamina bundles, reactivation surfaces, asymmetric 

herringbone cross-stratification, etc. All these physical elements are considered to be indicative of a 

tidal dominance on the subaqueous depositional processes affecting sediment dispersion and 

accumulation. 

The inferred hydrodynamics and sediment distribution patterns of the paleostraits forming 

this ancient connection bears general similarities with its modern counterpart, the Modern Central 

Mediterranean Gateway (MCMG). Presently, only the Strait of Sicily, Egadi Strait, and Messina Strait 

remain active and continue to be influenced by marine currents in this gateway, although some 

aspects yield differences with the setting during the Plio-Pleistocene. These aspects are listed below, 

representing our conclusive remarks and suggestions for future research: 

i. Present-day bedforms in the MCMG straits indicate a weaker marine circulation compared with 

the higher-energetic hydrodynamics required to explain the extensive cross-stratified 

successions of the ACMG reported in this study. The giant Lower Pleistocene cross-strata 
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advocate highly energetic and persistent currents, potentially intensified by increased 

penetration of the Atlantic Water Inflow (AWI) from the Gibraltar Strait (Fig. 11). 

ii. Increased AWI activity infers an intensified western Mediterranean marine circulation linked to 

the broader cross-sectional area of the Gibraltar Strait during the  Early Pleistocene, allowing a 

larger volume of oceanic waters to enter the Mediterranean (Fig. 11). Similar conditions 

occurred previously during the Late Miocene, when multiple straits in southern Spain and 

Morocco connected the Atlantic to the Mediterranean (e.g., Flecker et al., 2015; de Weger et 

al., 2020). 

iii.  The prevalence of bioclastic fractions in the studied deposits indicates climatic conditions 

conducive to the proliferation of carbonate-secreting organisms in shallow marine settings. This 

contrasts with the siliciclastic-dominated sediments in the modern MCMG straits, raising the 

possibility of past climatic events that influenced the Mediterranean by impacting river run-off, 

and sea-water temperature, salinity and nutrient availability. 

iv. The culmination of northern-hemisphere climate deterioration around 2.75 Ma (Haug et al., 

1999) aligns with the activation of current-dominated, paleostrait sedimentation in the ACMG. 

This prolonged climatic change may have played a crucial role in generating a more robust tidal 

circulation in the Mediterranean, reflected by the high-energy, current-dominated 

sedimentation in the ACMG straits. 
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     Figure captions 

Fig. 1. Distinction between the terms ‘gateway’, ‘seaway’ and ‘strait’. While seaways and straits are 
clearly discriminated by size and persistence in time, gateways are scale-independent features, as 
they can include seaways, straits, or both. For simplicity, only strait settings are considered in this 
figure. 

Fig. 2. (A) The Caribbean Gateway is one of the world's largest gateways, which connects the Atlantic 
Ocean with the Caribbean Sea and the Gulf of Mexico. It consists of five major passageways, along 
with a series of smaller straits. Its origin is linked to the activity of the Septentrional-Oriente Fault 
Zone (SOFZ), which extends eastward at least to the active Mona Rift in the Mona Passage, where 
extension occurs between Hispaniola and Puerto Rico (Dolan and Mann, 1998). (B) The Kuril 
Gateway, connecting the NW Pacific Ocean with the Sea of Okhotsk, includes at least 10 smaller 
straits that originated in the Late Cretaceous (Bulgakov, 1996). (C) The Davis Seaway between 
Canada and Greenland formed following the onset of the Atlantic break-up that began in the Early 
Paleogene (Harrison et al., 1999). (D) The Dover Strait opened as a result of Late Quaternary high 
interglacial sea levels, leading to the marine flooding of the shallow shelf areas of the English 
Channel and North Sea (Gupta et al., 2017). Morpho-bathymetric features indicate the presence of 
an axial erosional area in the centre of the strait and subaqueous bedforms, including large ridges 
and dunes at both strait outlets. Map bases from EMODnet Map®. 

Fig. 3. Schematic structural map of the Mediterranean Basin. Atlantic Water Inflow (AWI) penetrates 
into the western Mediterranean, propagating through the Modern Central-Mediterranean Gateway 
(MCMG), and then moving further into the eastern Mediterranean as a surficial current over the 
westward-directed Levantine Intermediate Water (LIW). Note the interference between the two 
superimposed currents across the MCMG, which influences bedform migration along the sea floor. 
Map base from EMODnet Map®. 

Fig. 4. Physiography of the Modern Central-Mediterranean Gateway (MCMG), comprising the Strait 
of Sicily, and the Egadi Islands and Messina Strait passages. In southern Calabria, the areas 
corresponding with the inferred Plio-Pleistocene Catanzaro, Siderno and Messina Paleostraits are 
indicated. The topographic-bathymetric profile shows the three major straits forming the MCMG, 
which is compared with the larger Ancient Central-Mediterranean Gateway (ACMG). Map base and 
cross section from EMODnet Map®. 

Fig. 5. Structural sketch of the central Mediterranean region, showing the complex geological 
framework of this area resulting from the conjunction between the African and European Plates. 

Fig. 6. Paleogeographic reconstructions of the four major passageways composing the Ancient 
Central-Mediterranean Gateway (ACMG). Based on Longhitano et al. (2014, 2021a), Barrier (1987), 
Longhitano (2018a) and Slootman et al. (2016, 2019). 

Fig. 7. Outcrop photographs from the Catanzaro Paleostrait. (A) Large cross strata indicate mostly 
uni-directional paleocurrents (toward right, in the direction of foreset dip), separated by first -order 
(I) erosional discontinuities. (B) Apparent bi-directional foresets due to the strike-orientation of the 
section, i.e. paleoflow is approximately perpendicular to the outcrop. (C) Example of large tabular 
cross strata with angular foresets. The close-up in (D) shows higher-order internal discontinuities (II 
and III), indicating stacked, smaller foresets. (E) Exceptionally thick uni-directional cross strata with 
tangential foresets. (F) Heterolithic interval laterally adjacent to tidal cross strata and erosionally 
overlain by thin-bedded cross strata. 

Fig. 8. Outcrop photographs from the Siderno Paleotrait. (A,B) Bi-directional foresets, with the 
dominant tidal phase recorded in the larger beds (dipping right) and the subordinate phase 
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preserved in the smaller beds (dipping left). (C) Example of large-scale trough cross strata (Bombile 
section of Longhitano et al., 2021a). Fine-grained intercalations in transparent grey overlay. (D) 
Exceptionally large tabular cross strata (Gerace section of Longhitano et al., 2021b).  

Fig. 9. Outcrop photographs from the Messina Paleostrait. (A) Sets of large, ‘simple’ cross strata 
formed by the migration of individual subaqueous dunes. Foreset geometry changes internally from 
angular to tangential (e.g., Chiarella, 2016). (B) Outcrop example of ‘compound’ cross strata, 
resulting from the advancement of smaller simple dunes along the lee side of a larger dune (e.g., 
Slootman et al., 2019). (C) Detail of (B), showing the down-current change of a single cross stratum 
into compound cross strata. (D) Cross-stratified complex containing reactivation surfaces. 
Recognition criteria include truncation of underlying foreset laminae, and internal downlap 
terminations of foresets above a single reactivation discontinuity. The alternation of 
recessive/prominent lamina packages correspond with fining/coarsening intervals, reflecting time -
series repetition of tidal cycles (e.g., Longhitano & Nemec, 2005). 

Fig. 10. Outcrop photographs from Favignana Island of the Egadi Paleostrait. (A) Neap-to-spring tidal 
foreset intervals denoted by coarsening-to-fining-upward repeated lamina intervals. (B) Large 
outcrop with close-up showing foreset intervals with different lamina-spacing and reactivation 
surfaces (arrows). (C) Exposed foreset plane surface displaying particular concentration of bioclastic 
fragments, possibly indicating a momentary stage of increased transport competence of the 
dominant current. (D) Vertically-stacked, m-thick foresets representing superimposed subaqueous 
dunes, including reactivation surfaces (arrow) and finer-grained intervals interbedded with intervals 
of coarser-grained laminae. The same features can be observed in the large subaqueous dune in (E), 
the lee side of which is preserved. (F) Detail of an uninterrupted foreset bed, showing an internal 
reactivation surface that is overlain by an erosional discontinuity, on which parasitic form sets 
separated by rhodolite accumulations developed. From Slootman et al. (2019).  

Fig. 11. Paleogeographic reconstruction of the western-central Mediterranean Basin during the Early 
Pleistocene. The five major straits of the Ancient Central-Mediterranean Gateway are indicated 
together with the likely eastward-moving Atlantic Water Inflow (AWI) current. Strait hydrodynamics 
were controlled by tidal amplification and by the AWI entering the Mediterranean from the Gibraltar 
Strait, inferred to have been wider than today. For simplicity, only the major, east-directed current 
of the AWI is shown, whereas additional minor ramifications have been intentionally left out. Map 
base from Google Earth®. 
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