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Definition

Tectonic activity in the Mediterranean region has been driven by the convergence of the
confining plates (Nubia, Arabia and Eurasia). This convergence has been accommodated
by the consumption of the oceanic domains that were present in the late Oligocene. It
is suggested that this process has been enabled by the lateral escape of orogenic belts in
response to constrictional contexts. Where this condition was not present, subduction did
not occur. This interpretation can plausibly and coherently account for the very complex
pattern of tectonic processes in the whole area since the early Miocene. It is also suggested,
by providing some examples, that the geodynamic context proposed here might help
us to recognize the connection between the ongoing tectonic processes and the spatio-
temporal distribution of past major earthquakes. A discussion is then reported about the
incompatibilities of the main alternative geodynamic interpretation (slab pull) with the
observed deformation pattern.
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1. Introduction

The present configuration of the Mediterranean region is considerably different from
the Oligocene context reconstructed by geologists (Figure 1, [1-10]). Most of the orogenic
belts existing in the late Oligocene (Alpine-Iberian and Pelagonian—-Aegean—Anatolian
Tethyan belts) have undergone long migrations and strong deformations. A large part of
the original oceanic domains (Alpine Tethys) has been consumed, leaving some remnants
in the Ionian and Levantine domains. Large extensional zones developed, such as the
Balearic, the Tyrrhenian, the Aegean and the Pannonian basins. New orogenic belts have
been generated along the fronts of the migrating Alpine-Iberian (Western Mediterranean)
and Tethyan (Eastern Mediterranean) belts. The tectonic mechanism that generated such
systems is generally recognized as a trench-arc-back arc process, characterized by the
migration of orogenic belts, with the development of accretionary activity along the fronts
of the arcs and the formation of basins inside the arcs (e.g., [11-19]).

The first systems created by this mechanism were the Balearic and the Carpatho-
Pannonian ones during the late Oligocene and upper Miocene (Figure 2). The Balearic
involved a long migration and a strong bending of the Iberian—Alpine belt that was origi-
nally located along the western European margin (Figure 2A), The detachment of this belt
from the European foreland also involved a major continental fragment (Corsica-Sardinia
block). The accretionary activity that developed along the front of the migrating arc (due
to the consumption of the Tethys oceanic domain) formed the Apennine belt along the

Encyclopedia 2025, 5, 97

https://doi.org/10.3390/encyclopedia5030097



Encyclopedia 2025, 5, 97

20f17

S-N branch of the Alpine belt and the Maghrebian belt along the E-W branch of that arc.
The extension that occurred in the wake of the migrating arcs generated the Balearic basin.
The migration of the N-S arc ceased around the middle-upper Miocene, when it collided
with the Adriatic continental domain (Figure 2B). The E-W arc ended its migration against
the Nubian continental domain in the upper Miocene (Figure 2C), determining the end of
extension in the Balearic basin.
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Figure 1. (A) Presumed configuration of the Mediterranean region in the Oligocene. (1) Continental (a)
and thinned continental (b) Eurasian domains. (2) Continental (a) and thinned continental (b) Nubian—
Adriatic domains. (3) Tethyan orogenic belt constituted by ophiolitic units (a) and metamorphic
massifs (b). (4) Intracontinental Alpine orogenic belt. (5) Other orogenic belts. (6) Tethyan oceanic
domains. (7) Zones affected by intense (a) or moderate (b) crustal thinning. (8,9,10) Compressional,
extensional and strike—slip tectonic features. (11) External fronts of the belts. Present coastlines are
reported for reference. Al = Alcapa block, RGS = Rhine Graben System, TD = Tisza-Dacia block.
(B) Present configuration. BP = Balearic Promontory, Ca = Campidano graben, CS = Corsica-Sardinia
block, EAF = Eastern Anatolian fault, ECA = External Calabrian arc, ECB = Eastern Cretan basin,
NAF = North Anatolian fault, SV = Schio—Vicenza fault, Sy = Syracuse fault, TFS = Transmoroccan
fault system, VHM = Victor Hensen-Medina fault system, WCB = Western Cretan basin. Blue arrows
indicate the present kinematic pattern (e.g., [20-22]). Nubia’s motion trend is taken from [23,24].

The other almost coeval trench-arc-back arc system developed on the other side of the
Adriatic promontory, creating the Carpatho-Balkan-Pannonian complex.

In that case, the extension that determined the formation of the Pannonian basin
developed in the wake of two major sectors of the Tethyan belt (Alcapa and Tisza-Dacia
blocks), whose opposite rotations determined the consumption of the Magura oceanic
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domain. During this phase, the Anatolian—Aegean system, stressed by the indentation of
the Arabian promontory, underwent a westward displacement and a strong deformation,
which led to the formation of the Hellenic arc and the Aegean basins.

Black Sea

10 West

Figure 2. (A) Late Oligocene. The Nubian and Eurasian plates are separated by the Alpine belt.
The convergence between Nubia and Eurasia induces a strong belt parallel compression on the
Alpine-Iberian belt, causing its bending, at the expense of the Alpine Tethys oceanic domain. Blue
arrows tentatively indicate the kinematic pattern. LG = Lion gulf, VG = Valencia gulf. (B) Early
Miocene. The northern sector of the Alpine-Iberian—Apennine belt (NA) decouples from the southern
sector (SA) by the dextral transpressional North Balearic fault (NB) and undergoes a counterclockwise
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rotation. TAF = Trans-Anatolian fault system. (C) Upper-late Miocene. The bending/migration of
the Alpine-Iberian arc, and consequently the formation of the Balearic basin, ceased after the collision
of the S-N arc (Alpine-Apennine belt) with the Adriatic continental domain (middle Miocene) and
the collision of the E-W sector (Alpine-Maghrebian belt) with the African continental domain (up-
per Miocene). A similar mechanism, involving the migration and bending of the Tethyan Alpine
belt at the expense of the Magura oceanic domain, led to the formation of the Pannonian basin.
DSF = Dead Sea fault system, Gi = Giudicarie fault system, NT = Northern Tyrrhenian. (D) Pliocene.
The collision between the Anatolian-Aegean Tethyan system and the Adriatic promontory causes
the decoupling of a large part of that promontory (Adria plate) from Nubia by the formation of a
long discontinuity (Victor Hensen-Medina-Sicily Channel). Am = Ambracique trough, AW = Adven-
ture wedge, Ce = Cephalonia fault, Co = Corinth trough, CR = Crete-Rhodes (Eastern Hellenic Arc),
CAp = Central Apennines, CT = Central Tyrrhenian (Vavilov basin), Cy = Cyprus, CyA = Cyclades
Arc, Ep = Epirus, LP = Libyan promontory, NAp = Northern Apennines, NAT= North Aegean trough,
Pe = Peloponnesus, SAp = Southern Apennines, SCH = Sicily Channel, SM = Serbo-Macedonian zone,
Th = Thessaly, WPa = Western Padanian sector. Colors, symbols and other abbreviations as in Figure 1.

Around the late Miocene, the tectonic setting in the whole Mediterranean region
underwent a major change, involving the formation of the Tyrrhenian basins [25-27],
the strong deformation of the Apennine belt [28-30], the SE ward migration of the Cal-
abrian arc [4,31,32], the formation of a long discontinuity crossing the Ionian domain
(Victor Hensen—-Medina fault [33,34] and the Pelagian foreland (Sicily Channel fault sys-
tem [35,36], the northward displacement of the Maghrebian belt lying north of the Pelagian
zone [37-39], the formation of the Campidano trough in Sardinia (Pliocene, [40,41])
and even the deformation of the northern Nubian belts (Tell and Atlas) in the Plio-
Quaternary [42,43]. Since the upper Miocene, the Adriatic domain was affected by the
formation of three major discontinuities. One, about 9 My ago, involved the reactivation
of the Giudicarie fault system in the northwestern sector of the promontory, as a sinistral
transpressional fault [44,45]. Another, at about 6 My ago, formed a long discontinuity
crossing the Ionian domain (Victor Hensen-Medina fault) and the Pelagian foreland (Sicily
Channel fault system). The last fracture developed around the late Miocene (6 My), by the
reactivation of an old weak zone as an NNW dextral transpressional fault (Schio—Vicenza),
in the northeastern Adriatic domain [46,47].

In the Quaternary, after the complete consumption of the peri-Adriatic oceanic do-
mains, this plate (stressed by Nubia) has undergone a minor N to NNE motion, inducing
belt parallel shortening in the Apennine belt and thrustings in the Eastern Alps. This
regime, still going on, has been accommodated by the formation of arcs (southern and
northern Apennines) and of transversal WSW-ENE thrust zones (e.g., Ancona—Anzio and
Sangro—Volturno, [48,49]) in the Apennine belt.

During the above evolution, the distance between Eurasia and Nubia has been signifi-
cantly reduced, indicating a roughly NNE-ward plate convergence (e.g., [19] and references
therein, [23]).

2. Proposed Geodynamic Interpretation
2.1. Main Concepts

It is suggested that since the Oligocene the tectonic evolution of the Mediterranean
region has been strongly conditioned by extrusion processes. This hypothesis is supported
by the implications of some major pieces of evidence.

One is the fact that, during the indentation of the Adriatic promontory into Eurasia,
the old oceanic Ionian domain did not undergo any subduction beneath the confining
continental plates. This testifies that, in a direct continent-ocean collision, the breaking of
the oceanic lithosphere (required to trigger the sinking) is prevented, even if this domain is
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stressed by strong compression (e.g., [50]). This behavior can be explained by considering
that the horizontal strength of an old oceanic domain is comparable or greater than the one
of a continental plate (e.g., [51-53]).

The fact that since the early Miocene a large part of the oceanic domains was consumed
suggests that in certain conditions the difficulty cited above can be overcome, making the
subduction of the denser plate feasible. To understand what these conditions may be,
one should consider that since the Miocene the subduction of oceanic domains always
developed under migrating orogenic belts. Such a systematic behavior suggests that what
favors the subduction of the denser plate in a collision zone may be the fact that this domain
is loaded by the buoyant material involved in an escaping process. This mechanism causes
the downward flexure and then the breaking of the loaded lithosphere, triggering its
sinking into the mantle (see, e.g., the quantitative analysis by [54]).

The above evidence and the related considerations suggest some basic concepts:

- In the Mediterranean area, the convergence of the confining plates (Nubia, Arabia
and Eurasia) was accommodated by the consumption of the oceanic domains which
originally lay in that zone.

- These processes only occurred where the sinking of the oceanic lithosphere was
triggered by extrusion mechanisms.

- The configuration of the plate mosaic and the related kinematic pattern during each
tectonic phase was conditioned, through the activation of major discontinuities, by
the need to create strong compression on the buoyant structures that were lying close
to oceanic domains (so favoring extrusion processes).

A geodynamic interpretation based on the above concepts makes it possible to plau-
sibly explain the very complex distribution of tectonic processes that determined the
evolution of the Mediterranean region (e.g., [19]).

The main implication of the geodynamic interpretation proposed here is that all
the tectonic processes that determined the evolution of the Mediterranean region can be
explained as effects of the relative motions of the major plates, as provided by the plate
tectonics theory, without the need to invoke additional mantle forces, such as the one
involved by the slab-pull model. The tectonic event that has induced some authors to adopt
this interpretation is the development of large extensional structures in a zone stressed
by the convergence of the confining plates (Nubia, Arabia and Eurasia). To explain this
apparently peculiar feature, the slab-pull model tentatively assumes that such extensional
episodes are driven by the gravitational sinking of the underlying slab [55-62]). However,
the tectonic implications of this driving force cannot be reconciled with several features of
the observed deformation pattern. The main difficulties are pointed out in the Discussion,
in some papers (e.g., [63-69]), and in a book ([19] and references therein).

2.2. Evolutionary Reconstruction

The formation of the Balearic trench-arc-back arc system was triggered by the collision
of western Nubia with the Alpine-Iberian belt around the late Oligocene (Figure 2A). Then,
the shortening required by the Nubia—Eurasia plate convergence was accommodated by
the eastward escape of wedges from the stressed belt. The fact that the central escaping
wedges moved faster than the peripheral wedges resulted in a sort of bending of the
belt, until it assumed a configuration characterized by two almost perpendicular belt
segments (Figure 2B,C). The migration of that belt developed at the expense of the Alpine
Tethys oceanic domain, leading to the formation of the Apennine and Tellian Maghrebide
accretionary belts along the front of the migrating arc and to the opening of the Balearic
basin in the wake of the arc.
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The eastward migration of the N-S belt segment (the Iberian-Apennine belt, accompa-
nied by the Corsica—Sardinia European fragment) ended around the middle-late Miocene,
when this arc collided with the continental Adriatic domain. The E-W sector of the arc (the
Alpine-Maghrebides belt) ceased to migrate around the late Miocene when it collided with
the continental Nubian domain. The above events determined the end of extension in the
Balearic basin (Figure 2C).

During the same time interval, another trench-arc-back arc system developed in the
northeastern Mediterranean region, due to the migration and bending of the Pelagonian
sector of the Tethyan belt, in response to the indentation of the Arabian promontory [70-73].
The belt-parallel shortening of this belt involved the opposite rotations of the Alcapa and
Tisza Tethyan belt sectors, determining the formation of the Carpatho-Balkan arc and the
opening of the Pannonian basin, in the wake of these migrating blocks [67,74,75].

During this phase, the Adriatic promontory accumulated a counterclockwise torsion,
due to the NE ward motion of Nubia and to the fact that the northwestern edge of that
promontory was stuck into the Western Alps. This mechanism induced a sinistral shear
stress in the northwestern part of the promontory, which led to the reactivation, around
the upper Miocene, of an old discontinuity (the Giudicarie fault system). This decoupling
enabled the northern part of the promontory to move NE-ward, so releasing the previous
torsion. This hypothesis is compatible with the change of the deformation pattern that
occurred in the Central and Eastern Alps [44,45]. The consequent angular divergence
between the Adriatic promontory and the Corsica—Sardinia block caused the formation of
the northern Tyrrhenian basin ([19] and references therein, [76-78]).

Until the late Miocene, the tectonic evolutions of the Western and Eastern Mediter-
ranean regions developed in almost independent ways, driven by the SW-NE Nubia—
Eurasia convergence in the west and by the indentation of Arabia along with the Nubia—
Eurasia convergence in the east. The tectonic setting in the whole Mediterranean region
underwent a drastic reorganization around the late Miocene—early Pliocene, in response to
the collision of the Aegean—Balkan Tethyan system with the continental Adriatic domain.

The subsequent evolution was determined by the need to consume the remaining
oceanic domains (Alpine Tethys), with the help of the lateral escape of buoyant wedges.
This result was achieved by a complex reorganization of the tectonic context in the central
and even the Western Mediterranean area. This change started with the decoupling of
a large part of the Adriatic promontory (the Adria plate) from Nubia (Figure 2D). This
decoupling was enabled by the formation of a long discontinuity, crossing the Ionian
domain (Victor Hensen-Medina fault) and the Pelagian domain (Sicily Channel fault
system). Once decoupled, the Adria plate underwent a clockwise rotation, which induced a
very strong E-W compression in the Pelagian zone, triggering the series of tectonic processes
that favored the consumption of the oceanic remnants which lay west of Adria [68,79]. This
complex process started with the northward escape of the Adventure wedge (Figure 2B,C).
In turn this indentation caused the northward displacement of the Maghrebian sector lying
north of it and then the E- to SE-ward escape of wedges (Southern Apennines and Calabria)
at the expense of the remaining Alpine Tethys domain. The extension that developed
in the wake of the Southern Apennines and Calabrian wedges led to the formation of
the central (Vavilov) and southern (Marsili) Tyrrhenian basins. Another very important
imprint of the northward push of the Adventure-Magrebides wedge was the occurrence of
tectonic activity in the Corsica—Sardinia block, which led to the formation of the Campidano
trough [40,41,80,81].

In the eastern Mediterranean, the collision of the Anatolian—Aegean system with the
Adria plate was followed by a complex pattern of tectonic processes. The southward
to SW-ward bending of the Aegean arc accelerated. The increase in curvature did not
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cause major fractures in the inner metamorphic core, due to its mainly ductile nature.
Conversely, the outer orogenic part of that arc, being mainly characterized by a brittle
nature, underwent major fractures. The most evident was the angular separation of the
Crete—Rhodes sector from the Cyclades and the Peloponnesus, with the formation of the
western Cretan basin [82-86]. The combined effects of the southward displacement of
the Aegean arc and the westward push of Anatolia formed a system of sinistral strike—
slip faults in the northern Aegean zone. The E-W compressional regime that affected
the Peloponnesus arc caused the southward to SW-ward escape of that wedge, which
in turn induced a S-N extension in the northern Greek zone (Corinth, Ambracique and
Thessaly troughs). In the Pleistocene, the collision of the eastern Hellenic arc (Crete-Rhodes
sector) with the Libyan promontory triggered the NE-SW shortening of this wedge. This
deformation was accommodated by the bending and fragmentation of that arc, involving
the separation of Crete from Rhodes. The extensional deformation that developed in the
wake of the bending arc caused the formation of the eastern Cretan basin [82,85,86]. A
detailed description of the proposed evolution and of the tectonic events that it can account
for is given by [19,64-67].

3. Tectonics and Seismicity Distribution (Some Examples)

The seismic history of a zone is fundamental information since it may give an idea
about the maximum expected intensity. The elaboration of the hazard maps presently
available also tries to gain insights into the probability of future earthquakes. However, the
reliability of this information cannot easily be recognized, since it is most often obtained by
statistical methodologies, assuming that earthquakes are random phenomena, despite the
deterministic nature of such events being well known (e.g., [87]). Thus, we think that any
attempt to get insights into the spatio-temporal distribution of the next major events can
only be carried out when one can count on a thorough reconstruction of the ongoing tectonic
setting. This knowledge may allow us to study the connection between the spatio-temporal
distribution of major earthquakes and the ongoing tectonic processes. An attempt in this
direction has been made for the peri-Adriatic zones, where seismic activity is controlled
by the interaction of the Adria plate with the surrounding belts (Figure 3, [19]). Stressed
by Nubia, this continental block tries to move roughly NNE-ward, exploiting the seismic
activations of the faults located in the surrounding belts (Hellenides, Albanides, Dinarides,
Eastern Alps, Apennines and Calabria). To check whether this tectonic framework may
involve some regularities in the time patterns of major earthquakes, we have analyzed the
seismic histories (since 1600) of these zones. The results obtained so far [88-92] suggest a
possible migration of major earthquakes from the southern zones (Northern Hellenides,
Albanides, Calabria) to the northern ones (Northern Dinarides, Northern Apennines and
Eastern Alps), indicating an interval of 150-200 years for a complete migration of major
earthquakes from south to north. When the above results were first published, in 2012,
seismic activity had mainly occurred in the southern zones for several decades, potentially
implying that in the future the probability of major earthquakes was higher in the central
and northern Italian zones. Of course, the reliability of this hypothesis cannot easily
be estimated, given the limited number of cases in the period considered (since 1600).
However, the fact that the most intense events after 2012 occurred in the central and
northern Italian regions (Northern Apennines, 2012, M = 6.1, 5.9, 5.5, Central Apennines
2016, M =6.2,5.6,6.6,5.8,6.1,5.5,2017 M = 5.7, 5.6 and Northern Apennines 2023 M = 5.5)
may encourage us to pursue the above investigation.
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Figure 3. Distribution of major earthquakes (M > 5.0) in the Mediterranean region since 1600.
Data from [93-123]. AL = Albania, AE = Aegean, CA = Calabria, EP = Epirus, SI = Sicily,
SM = Serbo-Macedonia, TE = Tell, WA = Western Anatolia.

Another study [124] describes an attempt to recognize the effects of the well-known
strong seismic sequence that has occurred along the North Anatolian fault since 1939
(e.g., [125-127]). This sequence triggered a great perturbation of the stress, strain and dis-
placement fields that propagated throughout the Mediterranean area, inducing significant
effects on seismic activities. The time patterns of major earthquakes in some key zones
suggest that, after 1939, seismic activity underwent a significant increase in the Western
Anatolia, Aegean, Sicily and even the Tell belt in Northern Nubia, while the intensity
and frequency of major shocks underwent a drastic reduction in the Serbo-Macedonian,
Albania, Epirus and Calabria regions. This kind of study might provide insights into the
effects of major earthquakes and into the seismic hazard of the surrounding zones in the
Mediterranean area.

4. Discussion

As argued in the previous section, a widely agreed recognition of the geodynamic
context and tectonic setting in a zone could make defense from natural disasters more
efficient. In particular, that information might increase our chances of identifying the zones
most prone to future major earthquakes. This implies that significant efforts should be
made to mitigate the considerable ambiguity that now affects the geodynamics of the
Mediterranean region in the relevant literature. Trying to mitigate this problem, we report
here some remarks about the incompatibilities of the most cited alternative geodynamic
interpretation (slab-pull model) with the observed deformation pattern.

- The Oligocene evolution of the Iberian—-Alpine belt [17,128-130] indicates that when
the Balearic basin started developing the presence of a well-developed NW-ward
plunging slab was very unlikely. This would imply that the generation of the above
basin cannot be attributed to a slab-pull driving force.

- The migration of the Iberian—Alpine belt in the western Mediterranean started just
when the Nubian plate collided with that belt (e.g., [128,131-133]. Was this a mere
coincidence? How is it possible to neglect the expected effects (shortening) of the
belt-parallel compression that stressed the belt after its collision with western Nubia?

- The strong bending (about 90 degrees) that the Iberian—Alpine belt underwent dur-
ing its migration (Figure 2A—C) cannot be explained as an effect of slab retreat, as
suggested by the results of numerical modeling (e,g., [134,135]).
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The reactivation of a major discontinuity in the Western Padanian zone (Giudicarie
fault system e.g., [44,136]) around the upper Miocene cannot be associated with a
slab-pull process [19,64]. Thus, another coeval driving mechanism must be identified
to explain the occurrence of such a major tectonic event.

The extensional process that formed the northern Tyrrhenian basin in the late Miocene
occurred just after the collision of the Iberian—Apennine belt with the Adriatic con-
tinental domain. This context is not compatible with the presumed occurrence of a
slab-pull mechanism, since that process would have required the very unlikely retreat
of a continental domain. One should also consider that during the formation of that
basin the northern Apennines did not undergo accretionary activity.

The development of a major discontinuity crossing the Ionian (Victor Hensen—-Medina
fault) and the Pelagian (Sicily Channel fault system) domains has been tentatively
explained by proposing various driving forces (e.g., [33,35,36,137,138]), but none
of them involves a slab-pull mechanism. Thus, the adoption of this mechanism to
explain the Tyrrhenian basins would require the identification of a coeval driving
force strong enough to break undeformed foreland domains, such as the Ionian and
the Pelagian ones.

Around the late Miocene-early Pliocene an old weak zone in the northeastern sector
of the Adriatic promontory reactivated as a sinistral transpressional fault system
(Schio—Vicenza) [44,46,47]. Since this major event cannot be explained as an effect of a
slab-pull mechanism, one should identify another coeval driving force, able to break
the northern Adriatic continental foreland.

The available evidence indicates that the Maghrebian belt lying north of the Pelagian
domain underwent a northward displacement since the late Miocene (e.g., [37-39,139]).
The fact that this belt sector moved in the opposite direction with respect to the
other peri-Tyrrhenian belts is not compatible with the implications of the slab-pull
model [19,64].

An important aspect of the Pliocene deformation pattern is the generation of the
Campidano graben in Sardinia during the Pliocene (e.g., [41]). The significance of
this event is due to the fact that the occurrence of tetonic activity in such an isolated
block cannot easily be explained by an alternative interpretation, with respect to the
one proposed in this work (that is, the interaction of Sardinia with the Adventure—
Maghrebian indenter). In particular, the above tectonic activity cannot be related to a
slab-pull driving force.

The southernmost Tyrrhenian basin (Marsili) developed at a very high rate (19 cm/y)
during the Early Pleistocene [140]. Explaining this rate as an effect of a slab-pull force
is quite difficult as it is difficult to explain why this rate underwent a drastic reduction
in the late Pleistocene.

In the Pleistocene, the Calabrian arc underwent a considerable uplift (more than
2000 m, e.g., [141-143]). This process is just the opposite of the subsidence of the
arc provided by laboratory and numerical modeling of the slab-pull mechanism
(e.g., [144-147]).

The slab-pull model has been considerably encouraged by the fact that the Aegean
zone is moving significantly faster than Anatolia, as indicated by geodetic velocities
(e.g., [148,149]). However, this interpretation does not take into account the possibility
that the present velocity field can represent the transient pattern triggered by the
post-seismic relaxation induced by the strong seismic sequence that has occurred
along the North Anatolian fault since 1939 [150,151].
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- The dextral transpressional strain regime recognized in the northern Aegean
zone [6,152-154] is not compatible with the presumed S- to SW-ward pull of the
Hellenic slab.

- The available evidence indicates that the Cyclades massif in the Aegean zone has
been affected by coeval E-W compression and S-N extension since the early Miocene
(e.g., [155,156]). The S-N extension can be interpreted as an effect of the presumed
slab-pull force, but explaining why the pull of the Hellenic slab may have caused E-W
compression is not simple.

- The implications of the slab-pull mechanism cannot explain the main features of
the western and eastern Cretan basins, concerning their timings, locations and
shapes [82,83,85,86]).

- The roughly N-S extensional regime recognized in the western margin of
Anatolia [157,158] cannot be easily explained as an effect of the pull of the
Hellenic slab.

- The very strong E-W compression that caused the S- to SW-ward escape of the Pelopon-
nesus wedge and the occurrence of S-N extension in northern Greece (revealed by the
formation of a series of roughly E-W troughs: Corinth, Ambracique, Thessaly) is not
compatible with the implications of the presumed slab-pull mechanism in the Aegean arc.

We would remark that all the tectonic features cited above can plausibly and coherently
be explained as effects of the interpretation proposed here, as discussed in great detail by [19].

The primary role of extrusion processes in the evolution of the Mediterranean region
has been questioned by some authors (e.g., [61]). The underlying argument is based on the
hypothesis that the extensional rate in a back arc basin cannot overcome the convergence
rate of the confining plates. This assumption would imply that a plate convergence of about
1 cm/y (the one between Nubia and Eurasia) cannot be assumed as the driving force of
extensional features (such as the Balearic and Tyrrhenian basins) that opened up at signifi-
cantly higher rates (some cm/y). However, this argument does not take into account that
an extrusion mechanism can involve migration rates of the escaping wedges that are much
higher than the rate of the driving plate convergence. This concerns in particular the central
sectors of the extruding arc, as can easily be demonstrated by modelings. Furthermore,
one should consider that the extrusion rate of wedges is considerably influenced by the
size of the corridor through which the extruded material can escape out. In this regard,
an interesting example is given by the extrusion of the Calabrian wedge that generated
the southern Tyrrhenian basin (Marsili), where a very high extensional rate (19 cm/y) is
recognized for the period between 1.6 and 2.1 My [140]. This velocity could be explained
by the fact that in such a case the extruded material was forced to flow through the narrow
corridor that existed between the Adriatic and the Hyblean continental domains. The end
of this rapid escape of Calabria was determined to be around 1.6 My by the collision of that
wedge with the continental Adria domain (e.g., [19,159]). The very strong compression that
conditioned the escape of the Calabrian wedge during the formation of the Marsili basin is
testified by the fact that the stressed crust underwent a vertical bending, as documented by
seismic soundings [160].

5. Conclusions

The development of trench-arc-back arc systems in the Mediterranean region has been
mainly conditioned by extrusion processes, which have played a basic role in triggering
the subduction of large parts of the oceanic domains that lay between Nubia and Eurasia in
the late Oligocene. This hypothesis is supported by the fact that the consumption of those
domains did not occur where the lateral escape of buoyant wedges was not involved. The
extensional regimes that generated the main basins (Balearic, central-southern Tyrrhenian,
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Aegean and Pannonian) developed in the wake of the extruding wedges. The formation
of the Balearic system was driven by the convergence between Nubia and Eurasia, which
caused the lateral escape of wedges from the Alpine-Iberian belt, at the expense of the
Alpine Tethys oceanic domain. The Pannonian basin developed in the wake of two Tethyan
wedges (Alcapa and Tisza-Dacia), which underwent opposite rotations in response to
the northwestward displacement of the Anatolian-Aegean—Pelagonian Tethyan belt. The
central and southern Tyrrhenian basins developed in the wake of wedges that were extrud-
ing in response to the indentation of the Adventure block and the Maghrebian belt. The
western and eastern Cretan basins were generated by the divergence between the inner
and outer sectors of the Aegean Tethyan belt, which was bending southward in response to
the westward displacement of Anatolia. The only basin that was generated by a tectonic
mechanism not involving extrusion processes is the northern Tyrrhenian. This extensional
episode developed as an effect of the divergence between the Adriatic promontory and the
Corsica—-Sardinia block, after the formation of a major decoupling fault system (Giudicarie)
in the northwestern Adriatic promontory. Another basic concept that can be very useful to
understand the time—space distribution of tectonic processes in the Mediterranean region
is the well-known least action principle. An important example of how this principle has
conditioned tectonic activity is given by what happened after the collision between the
Aegean Tethyan belt and the Adriatic continental domain around the late Miocene. Since
in that strongly resisted context the remaining oceanic domains were mainly lying west
of the Adriatic promontory, the most convenient tectonic process was constituted by the
decoupling of the Adria plate from Nubia and by the consequent clockwise rotation of
that plate. This major change of the plate mosaic and of the related kinematics induced a
complex pattern of extrusion processes that finally led to the formation of the central and
southern Tyrrhenian basins.

A major implication of the geodynamic interpretation proposed here is that all the
tectonic processes that determined the evolution of the Mediterranean region can be ex-
plained as effects of the relative motions of the confining plates (as provided by the plate
tectonics theory). Thus, there is no need to invoke additional driving forces, such as the
gravitational sinking of subducted lithosphere.
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