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Abstract: The formation of small fragments of continental lithosphere, which rift away
from a passive margin and are carried toward a trench together with the surrounding
oceanic crust, is a characteristic of many collisional settings, in particular of the northern
margin of Gondwana during the Mesozoic. This motion, though chaotic in appearance,
can be described rigorously in terms of plate kinematics driven by local temporal var-
iations in the relative velocity field between the main colliding plates. In this model
proposed here, the rifted continental fragments approach the trench with the same sta-
tionary velocity as the oceanic lithosphere in which they are embedded, while the
spreading centers that separate these microplates from the rifted continental margin,
either speed up or slow down in order to compensate for small variations of the velocity
field between the major colliding plates. Hence, the oceanic leading edge of a subducting
plate may separate from its continental part and move independently to ensure a constant
convergence rate at the trench. The application of this principle to the complex tectonic
history of the Mediterranean region during Jurassic and Cretaceous times is performed
starting from a revised global plate motion model. A set of maps illustrating the regional
velocity and acceleration fields is presented for nine major phases from the Bajocian
through the Maastrichtian. These maps provide new constraints that may be helpful for
the construction of plate tectonic models of the Tethyan realm. New insights into some
of the major tectonic events that occurred during the Jurassic and the Cretaceous in the
Mediterranean region are gained from the correlation between kinematic events and
geologic evidence.
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Introduction
The Mediterranean region traditionally represents a dif-

ficult but intriguing study area for plate tectonic modeling.
During the last three decades many workers from almost
all disciplines of geology and geophysics have tried to il-
lustrate the geologic evolution of this region from different
perspectives and using a variety of geological or geophys-
ical data. It is meaningful that over 700 Jurassic, Creta-
ceous and Cenozoic paleopoles have been determined for
the plates and microplates of the Mediterranean region,
whereas only 126 paleopoles are listed in the Global Pale-
omagnetic Database (GPMDB) for the North American
craton [McElhinny and Lock, 1990].

The main problem that researchers have faced has been
to identify and map the dozens of microplates involved in
the Alpine-Himalayan collision. It is often difficult to iden-
tify the ancient boundaries between these tectonic elements
(e.g., Pelagonian, the Austroalpine). However, even when
the boundaries are well established, a high degree of un-
certainty remains with regard to the original undeformed
shape of these small tectonic blocks. Additionally, for some
of the identified elements, it is still not clear whether they
are continental or oceanic terranes. For instance, it is still
uncertain if the Panormide carbonate platform was built on
a rifted continental margin or if it developed on thickened
oceanic crust.

A second problem arises from the absence of direct kin-
ematic constraints for most of the Mediterranean micro-
plates. The best way to accurately assess the rotation pa-
rameters of a plate or smaller tectonic element is through
the identification of marine magnetic anomalies. Unfortu-
nately, the few and sparse remnants of Mesozoic and Cen-
ozoic oceanic crust of the Mediterranean basin do not pro-
vide sufficient information for this purpose. This lack of
data was partially overcome by the relatively high number
of paleomagnetic studies, which were followed by several
quantitative reconstructions of the Mesozoic and Cenozoic
paleogeography of the Tethyan realm [e.g., Van den Berg
and Zijderveld, 1982 ; Lauer, 1984 ; Morris and Tarling,
1996 ; Channel, 1996 ; Muttoni et al., 1996].

Previous investigations of the tectonic history of the
Mediterranean region have followed either qualitative or
quantitative approaches. Studies that fall in the first cate-
gory are based prevalently on geologic data. Examples of
this kind of reconstructions can be found in Robertson and
Dixon [1984], Şengör et al. [1984], Dercourt et al. [1986],
Stampfli et al. [1991], Dercourt et al. [1993], Robertson et

al. [1996], Robertson [1998], and Stampfli et al. [1998].
The second group comprises works that highlight the kin-
ematic and structural aspects of the problem [e.g., Dewey
et al., 1973 ; Dewey et al., 1989 ; Alvarez, 1991], or those
studies that are based on interpretations of paleomagnetic
data.

In this paper a new quantitative model of the tectonic
history of the Mediterranean region is proposed, which is
based on the analysis of variations of the global plate mo-
tions and plate circuits, and the identification of corre-
sponding constraints to the local kinematics of small mi-
croplates at the interface between Africa and Eurasia dur-
ing the Jurassic and the Cretaceous. Unlike other classic
quantitative studies [e.g., Dewey et al., 1989], theoretical
arguments and data are presented to support the idea that
the local velocity of intervening microplates is constrained
by global variations in plate velocities at stage boundaries
(and the corresponding stress fields) and not, as proposed
by previous authors, by the path of relative motion of Africa
with respect to Eurasia. Therefore, we propose that the re-
lationship between global plate motions and local micro-
plate kinematics is, at best, indirect, whereas a direct con-
nection exists between variations of relative velocity fields
of the major plates and the local deformation pattern as
expressed by microplate formation and subsequent motion.

The starting point of this study is a revised global plate
tectonic model for the Jurassic, Cretaceous and Cenozoic
times [Schettino and Scotese, 2000 ; Schettino and Scotese,
2001 ; Schettino and Scotese, 2002, in prep.], and some
basic assumptions about the paleogeographic configura-
tion of the western Tethyan realm at the beginning of Ju-
rassic. These assumptions are based on the geological and
geophysical evidence for the existence of a Late Permian
– Triassic oceanic seaway that separated Adria from the
Northern Gondwana margin (Fig. 1). The Imerese and La-
gonegro basins in the western Mediterranean [Zappaterra,
1994 ; Pescatore et al., 1999], and the Levant basin in the
easternmost Mediterranean [Garfunkel, 1998 ; Robertson,
1998] are well documented domains characterized by pe-
lagic sedimentation during the Triassic. Stampfli et al.
[1991] pointed out that the formation of this basin could
have been related to the Cimmerian rifting during the Late
Permian. However, the Cimmerian rift model requires that
an eastward widening of the ocean formed as a result of the
counterclockwise rotation of the Cimmerian blocks as they
were subducted towards the Eurasian margin. Conversely,
we propose an alternative scenario, which results in a
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westward-widening ocean that opened by clockwise rota-
tion of the Mediterranean terranes with respect to Northern
Gondwana. This rifting event may be associated with the
extensive Late Triassic rifts of Central Pangea [Veevers,
1989], which culminated at the beginning of Jurassic
(about 200 Ma) in the eruption of an enormous quantity of
basalts in a geologically short interval and the formation of
the Central Atlantic Magmatic Province (CAMP) [Schli-
sche, 1993 ; Olsen, 1997 ; Withjack et al., 1998 ; Hames et
al., 2000]. In many aspects, our assumed starting configu-
ration for the Eastern Mediterranean region is similar to the
one proposed by Robertson [1998].

Figure 1. Reconstruction of the Tethyan realm at 200.0
Ma (lower Sinemurian)

Labeled tectonic elements are essential protagonists of
the Jurassic and Cretaceous history of the Mediterra-
nean region. NWA = Northwest Africa; NEA = Northeast
Africa; EUR = Eurasia; MOR = Morocco; IBE = Iberia;
ADR = Adria; PEL = Pelagonian; SAE = Southern Ae-
gean; MEN = Menderes; SAK = Sakarya; KIR = Kirsehir;
TAU = Taurides; CAF = Central Africa.

The next two sections of this paper illustrate data and
methods that were used to construct the proposed model.
This is followed by a discussion of the correlation between
the kinematic behavior and the geologic events that char-
acterized the geologic history of the Tethyan realm during
the Jurassic and the Cretaceous.

The basic kinematic model
In this paper a simplified set of tectonic elements is used

to illustrate the kinematic evolution of the Mediterranean
region during the Jurassic and the Cretaceous. In particular,
attention is focused on the formation of new plate
boundaries in the Tethys realm in response to temporal

variations of the velocity field between the large surround-
ing plates. Therefore, a complete and detailed classification
of the microplates involved is not necessary. As the stron-
gest phase of deformation occurred in the Cenozoic, four
simple or composite blocks can be used to illustrate the
main paleogeographic features. These tectonic elements
are: Adria, the Pelagonian terrane, Southern Turkey, and
Northern Turkey.

We consider Adria (Fig. 1) as the undeformed assem-
blage resulting from Permian and Triassic rifting episodes,
and comprising the present South Alpine and Northern
Apenninic domains, the Apulian promontory and the un-
deformed Panormide platform (that is, the Southern Apen-
ninic domain of Dewey et. al. [1989] or Turco and Zuppetta
[1998]). The Pelagonian terrane is defined by the crystal-
line and sedimentary formations of Northwest Macedonia
and Central Greece that are bounded by the Sub-Pelagonian
zone and the Pindos ophiolites to the West, and by the basal
thrust of the Vardar zone to the East [Mountrakis, 1984].
Southern Turkey is considered here as the undeformed as-
semblage comprising the Menderes Massif, the Cycladic
units, Crete and the Taurides belt. Finally, Northern Turkey
is viewed as a composite microplate comprising the Sa-
karya and Kirsehir units. It is assumed that all these mi-
croplates behaved as rigid elements during the Jurassic and
the Cretaceous.

A kinematic model for the major plates surrounding the
Mediterranean region is shown in table 1.

The initial fit of North America to Northwest Africa is
based on the Blake Spur Magnetic Anomaly of Eastern
North America and a pre-stretching match of the continen-
tal margins [Klitgord and Schouten, 1986], whereas the
North Atlantic fit is based on the reconstructions of Rowley
and Lottes [1988] for the North Atlantic and Arctic regions.
The starting configuration of the continents around the Te-
thys at the beginning of the Jurassic (200 Ma, Lower Si-
nemurian) is illustrated in Figure 1. This fit also takes into
account of the pattern of deformation in Africa during the
Cretaceous [Wilson and Guiraud, 1992 ; Genik, 1992 ;
Guiraud and Maurin, 1992], by restoring the North African
blocks to their initial orientations with respect to Central
Africa. This includes the closure of the West African Rift
System (WARS), and the restoration of transcurrent mo-
tion along the Central African Shear Zone (CASZ).
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Figure 2. Jurassic and Cretaceous plate motions

The global circuit used to describe the Jurassic and Cre-
taceous plate motions around the Atlantic and Tethys
oceans. The reference plate is Central Africa, which has
been oriented with respect to a paleomagnetic reference
frame using the method of Schettino and Scotese
[2001]. According to this method, a synthetic and
smoothed Apparent Polar Wander Path (APWP) for
Central Africa was generated by restoring paleopoles
from other continents to the Central African reference
frame via the global rotation model [e.g., Besse and
Curtillot, 1991 ; Bocharova and Scotese, 1993 ; Van der
Voo, 1993]. Further details about this method will be
published elsewhere [Schettino and Scotese, in prep.].

Finite rotations that describe the pattern of seafloor
spreading in the Central Atlantic have been calculated ac-
cording to the digital compilation of isochrons of Royer et
al. [1992] and the ocean floor age grid [Müller et al., 1997].
The finite rotations of Rowley and Lottes [1988] were
adopted for the North Atlantic region because these rota-
tions give the best results when paleopoles from Eurasia
are transferred to Central Africa via the global circuit.

Figure 2. Global circuit for the plates surrounding the
Atlantic and Tethys oceans.

An important feature of the model proposed in this pa-
per is the definition of the Atlas and Rif-Tell regions as a
composite tectonic element which rifted from the North-
west African plate during the Late Triassic – Early Jurassic.
In fact, the inclusion of this terrane helps to better explain
the connection between the early stages of rifting in the
Central Atlantic and the tectonic activity in the Mediterra-
nean region during the Late Triassic and the Early Jurassic.
A summary of the main geologic and structural features of
the Atlas region can be found in Beauchamp et al. [1996].
Here attention is focused on the Late Triassic - Early Ju-
rassic phase of extension and rifting, which produced an
aulacogen in the High Atlas region and transtensional fea-
tures in the Eastern Mediterranean. These events are cor-
related with the formation of the Newark Basin in the east-
ern United States [e.g. Olsen, 1997] and the Pindos Basin
in the eastern Mediterranean [Degnan and Robertson,
1998]. These three extensional systems were part of a sin-
gle divergent boundary that crossed Central Pangea during
the Late Triassic and the Early Jurassic (Fig. 3). This boun-
dary existed for about 50 Myrs until an abrupt change in
the relative velocity of Africa with respect to North Amer-
ica resulted in the cessation spreading along the Pindos
spreading center at 172 Ma, as evidenced by youngest ra-
diometric ages of the Pindos ophiolites [Spray et al., 1984].
This event also coincides with extinction of the Atlas rift
system as a major plate boundary and the northward jump
of the shear zones between Iberia and Morocco.

Figure 3. Reconstruction at 172.0 Ma (Upper Bajocian)

Vectors represent direction and magnitude of the rela-
tive velocity field between Northern Gondwana and
Laurasia. Dashed line represents an incipient spreading
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center. Red line marks the assumed trend of the Pindos
ridge and the eastern North America and Atlas rift sys-
tems.

Velocity fields and acceleration fields
The plate reconstructions proposed in this paper were

made using an interactive software tool for plate tectonic
modeling designed by the first author [PCME, Schettino,
1998]. This program also allows to plot relative or absolute
velocity and acceleration fields for a given rotation model.
If A and B are two conjugate plates and we indicate the
instantaneous Euler vector (or angular velocity) of A rela-
tively to B at time t as ΩAB = ΩAB(t), then the relative velocity
field between these plates at an arbitrary location r is given
by:

Equation 1

Hence, in order to calculate a velocity field, we need an
estimate of the angular velocity for the considered time t.
This estimate is accomplished as follows. A finite rotation
pole is a representation of the orthogonal transformation
matrix RAB(tk) that is necessary to move a plate A from its
present location to a position with respect to plate B at time
tk [e.g., Cox and Hart, 1986]. Typically, in the case of Mes-
ozoic and Cenozoic models, times tk correspond to chrons
associated to identified magnetic anomalies. Two succes-
sive times tk and tk+1 (tk > tk+1) are respectively the lower
and upper age limits of a stage. If we consider the reference
plate B as fixed to its present day location, the relative mo-
tion of A during a stage [tk,tk+1] can be described through
a stage pole matrix SAB(tk,tk+1), given by:

Equation 2

This quantity represents the rotation that is necessary to
carry a plate A from the position assumed at time tk to the
position assumed at time tk+1 relatively to a reference plate
B which is kept fixed in its present day location.

It must be pointed out that a stage pole matrix does not
represent an instantaneous axis of rotation for the motion

of A relatively to B between times tk and tk+1. In fact, by
definition the plate A is considered at rest in the present
geographic reference frame, whereas any instantaneous ro-
tation of B with respect to A at time t ∈[tk,tk+1] must be
calculated relatively to the "correct" location of A at that
time. An interesting property of the stage poles is that by
Equation (2) we can calculate an unknown finite rotation
of A relative to B at time tk+1, provided that the finite ro-
tation at time tk is known, and an estimation of the stage
pole matrix between tk and tk+1 is available. In fact,

Equation 3

We will see that this Equation plays a key role in the
description of the kinematics of the Mediterranean region.
An estimation of the instantaneous angular velocity ΩAB at
time t can be obtained as follows. We first calculate the
stage pole vector eAB(tk,tk+1) and the stage angle associated
to the matrix SAB(tk,tk+1). This pole represents the point of
intersection between the rotation axis corresponding to
SAB(tk,tk+1) and the Earth's surface, whereas the stage angle
represents the total rotation angle about this axis. If we now
rotate the vector eAB(tk,tk+1) using the total reconstruction
matrix for the reference plate B at time t, the resulting vec-
tor represents the instantaneous Euler pole ωAB(t) at time
t. Finally, in order to obtain the angular velocity rate ΩAB we
divide the total stage angle by tk-tk+1.

The method described above allows to calculate veloc-
ity fields for any time in the geologic past, provided that a
rotation model is available for the considered time period.
It also allows to detect discrete variations of the velocity
fields at stage boundaries. These variations are represen-
tative of acceleration fields and corresponding stress fields
that act on the lithosphere at the transition times between
two successive stages. The acceleration field between two
plates A and B at the transition time t is defined as:

Equation 4

where δt represents a short time interval about the con-
sidered stage boundary (e.g. 0.1 Myrs). It should be noted
that the term "transition time" refers here to any stage
boundary in the rotation model that modifies one or more
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relative velocities along a circuit path. For instance, if
plates A and B are related in the model through a third plate
C, an acceleration between A and B may result either from
a stage boundary between A and C or a transition between
C and B.

We can now illustrate the theoretical framework that
was adopted for the reconstruction of the tectonic history
of the Mediterranean region proposed in this paper. In the
following discussion we assume that the motion of inter-
vening slivers at the interface between two main colliding
plates is subject to precise physical laws that require peri-
odic changes in the boundary geometry and formation of
broad deformation zones. These changes have the primary
role in restoring a state of equilibrium at the trench systems,
in response to temporal variations of the main velocity
field.

Consider an oceanic plate A that is subducting beneath
a plate B. At the equilibrium the net torque exerted on the
plate boundary is zero, because all the forces applied at the
trench zone are balanced (Fig. 4a). In this instance, the
subduction rate is determined by the relative velocity of A
with respect to B. Suppose now that a sudden change of the
absolute velocity of A (the velocity of A with respect to the
deep mantle) occurs that determines a decrease of its ve-
locity relatively to B (Fig. 4b). An analogue situation could
be represented by two persons that are pushing one another,
and by a subsequent sudden release from one of the two
opponents. The resulting predictable conclusion would be
an unbalancing of the other one and thrusting toward the
retreating person. In the case of two plates the unbalancing
would generate a tensional stress field at the margin of B
which may activate a subsequent process of back-arc de-
formation.

Figure 4. Sketch illustrating two different scenarios for
the formation of slivers

A: Starting configuration. The trench system is in a state
of equilibrium at time t. B: At time t' plate A accelerates
away from the trench. The resulting tensional stress field
at the trench causes back-arc spreading in marginal
areas of B. C: In a different scenario an eastward ac-
celeration of plate B determines rifting at the continental
margin of the conjugate plate and the formation of the
proxy sliver C.

A somewhat different situation would occur if the re-
treating block coincides with the upper-plate. In this in-
stance, a tensional stress field would be applied to the sub-
ducting plate (Fig. 4c) and transferred to the deformable
continental margin of A. Therefore, the oceanic part of this
plate would be decoupled from the undeformed continent
and a small fragment of continental lithosphere would trav-
el toward the trench along with the surrounding oceanic
crust. In both scenarios, a force F = kΩv is applied to the
continental fragment with a magnitude proportional to the
variation of relative velocity.
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This model may explain several kinematic features of
the subduction process in the Mediterranean region, in par-
ticular the rifting of continental terranes from the northern
margin of Gondwana during the Mesozoic and the forma-
tion of extensional basins during the Cenozoic (Balearics,
Tyrrhenian, Aegean, etc.). For instance, when Africa ac-
celerated eastwards at chron 7 (25.2 Ma) about a pole lo-
cated at (78.81N,301.25E), this retreat from the former
Iberian trench may have resulted in the rifting of Sardinia,
Corsica, Calabria and the Balearics from the Iberian margin
between chrons 7 and 6. However, in this paper attention
is focused on the kinematics of the Mediterranean region
during the Mesozoic, which was dominated by the frag-
mentation of the northern Gondwana margin by successive
retreat of the overriding plate (Fig. 4c) and by intermediate
stages of trench compression.

A simple method for calculating finite rotations of con-
tinental fragments that traveled from a passive margin to-
wards a trench is based upon the concept of decoupling of
the oceanic part of a plate by fragmentation of the adjoining
continental margin. As illustrated in Figure 4c, the new
oceanic plate retains the subduction rate as an invariant of
the process, and the whole mechanism allows the trench
system to restore the state of equilibrium when the transi-
tion to the new stage is completed. Hence, the stage pole
of the new plate with respect to the upper plate for the suc-
cessive time period must coincide with the former stage
pole of the subducting and still undeformed lower plate.
Moreover, conservation of the subduction rate is required
for any subsequent stage. This observation implies in gen-
eral that successive small variations of the relative velocity
between A and B will be compensated by different spread-
ing rates at the ridge that separates the additional plate C
from A. However, a strong acceleration of A in the direc-
tion of B could not be compensated by a lower spreading
rate. In this instance, the ridge would collapse determining
the formation of ophiolites [Robertson and Dixon, 1984].

In order to calculate finite rotations for the Mediterra-
nean microplates, Equations (2) and (3) will be applied
iteratively, starting from the initial stage associated to the
early formation of oceanic crust in the Central Atlantic and
from the assumed initial assemblage at the Northern Gond-
wana margin. It will be shown that the stage pole associated
to the subduction of oceanic lithosphere beneath the Eura-
sian margin between 175.0 Ma and 170.0 Ma was con-
served until chron M0 (120.4 Ma), when an abrupt change
in the relative motion of Africa with respect to Eurasia

determined the onset of the Alpine collision. During this
long time period a unique stable system comprising a sta-
tionary trench in the Northern Tethys and a buffering
spreading center to the South existed. According to the
theoretical model discussed above, this process can be
viewed as the driving mechanism for the drifting of North-
ern Turkey towards the Eurasian margin.

In the following sections the fourteen stages that char-
acterized the tectonic history of the Mediterranean region
during the Jurassic and the Cretaceous will be grouped in
nine major phases. For each phase boundary, reconstruc-
tion maps will be discussed that show the velocity and ac-
celeration fields, the modeled pattern of seafloor spreading
[Schettino, 1999] and the distribution of the continental
lithosphere. The geomagnetic time scales of Cande and
Kent [1995] and Gradstein et al. [1994] are used respec-
tively for anomalies younger than chron 34 (83.5 Ma) and
for older times. A full animation of the paleogeographic
evolution of the Tethyan realm is shown in the Appendix
and is also accessible through the Internet at: http://
www.serg.unicam.it/Geo.html [Schettino and Scotese,
2001].

Phase 1: The onset of seafloor
spreading in the Central Atlantic

This phase comprises a single stage that falls in the Ba-
jocian, between 175.0 Ma and 170.0 Ma. The younger limit
is associated with the fit of the Blake Spur Magnetic Anom-
aly of Eastern North America [Klitgord and Schouten,
1986] with a corresponding anomaly in Northwest Africa,
whereas the older limit of this stage coincides with the on-
set of an accelerated phase of rifting which culminated in
the formation of the first oceanic crust in the Central At-
lantic. As discussed in a previous section, during the first
few million years the left-lateral motion of Gondwana with
respect to Laurasia continued to be transferred from the
Atlantic region to the Western Tethys through the Atlas rift
system. This model requires that Morocco and Adria re-
mained attached to Laurasia during this initial period (Fig.
3). Similarly, spreading in the Pindos Basin persisted until
172.0 Ma, when the ridge jumped northward into the Lig-
uride Basin initiating sea floor spreading in the Alpine Te-
thys, and transtensional motion between Iberia and Mo-
rocco.

Table 2. Rotation model for the major Mediterranean
microplates. Only Jurassic and Cretaceous Euler poles are

Journal of the Virtual Explorer, 2002
Volume 08

Paper 8
http://virtualexplorer.com.au/

Global kinematic constraints to the tectonic history of the Mediterranean region and surrounding areas during the Jurassic and Creta-
ceous

Page 9

http://www.serg.unicam.it/Geo.html
http://www.serg.unicam.it/Geo.html


shown. The fit of Arabia to Africa was proposed by LePi-
chon and Gaullier [1988]

Table 2. Rotation model for the major Mediterranean microplates

Age Lat Lon Angle Reference Plate

Adria     

67.7 -35.54 194.61 18.33 Northeast Africa

72.5 -35.54 194.61 18.33 Northeast Africa

72.5 -33.2 185.02 24.74 Iberia

80.2 -33.2 185.02 24.74 Iberia

80.2 -35.3 194.5 18.3 Northeast Africa

172 -35.3 194.5 18.3 Northeast Africa

175 -31.29 195.84 16.62 Northeast Africa

200 -31.29 195.84 16.62 Northeast Africa

Pelagonian     

67.7 68.34 331.04 2.37 Adria

172 68.34 331.04 2.37 Adria

175 62.07 225.26 0.36 Adria

200 62.07 225.26 0.36 Adria

Southern Turkey     

67.7 -33.71 220.83 13.86 Arabia

72.5 -33.71 220.83 13.86 Arabia

72.5 -32.02 201.13 25.44 Iberia

74.3 -32.02 201.13 25.44 Iberia

74.3 -33.22 220.6 13.83 Arabia

200 -33.22 220.6 13.83 Arabia

Vardar Ocean     

67.7 67.26 1.69 17.46 Northeast Africa

120.4 67.26 1.69 17.46 Northeast Africa

126.7 65.61 5.16 14.71 Northeast Africa

130 64.3 7.93 12.81 Northeast Africa

131.9 63.63 8.42 11.84 Northeast Africa

139.6 62.44 4.46 8.89 Northeast Africa

147.7 61.69 359.48 5.4 Northeast Africa

154.3 69.34 3.49 3.51 Northeast Africa

170 0 0 0 Northeast Africa
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Age Lat Lon Angle Reference Plate

200 0 0 0 Northeast Africa

Arabia     

67.7 32.13 22.58 -6.36 Northeast Africa

200 32.13 22.58 -6.36 Northeast Africa

Northern Turkey     

67.7 -26.58 205.76 35.47 Eurasia

72.5 -25.16 205.2 35.37 Eurasia

74.3 -25.16 205.2 35.37 Eurasia

80.2 -22.69 202.44 30.78 Eurasia

83.5 -19.07 197.98 25.62 Eurasia

87 -18.29 197.47 26.65 Eurasia

87 8.94 239.36 14.36 Northeast Africa

120.4 8.94 239.36 14.36 Northeast Africa

120.4 -34.32 215.58 23.24 Vardar

170 -34.32 215.58 23.24 Vardar

170 -34.32 215.58 23.24 Northeast Africa

A rotation model for the Mediterranean microplates
during the Jurassic and the Cretaceous is shown in Table
2. Figure 5 illustrates the paleogeographic configuration at
170.0 Ma and the corresponding velocity field. Sea floor
spreading rates during this stage range from the 65 mm/yr
of the southern Central Atlantic to the 33 mm/yr of the
Liguride Ocean and the 23 mm/yr of the Northeastern Te-
thys. A subduction zone at the southern margin of Eurasia
was fully established from Sanandaj to Armenia and the
Eastern Pontides [Robertson and Dixon, 1984]. A descrip-
tion of the main geologic and structural features of the as-
semblage of slivers that developed above the subduction
zone by oblique convergence can be found in McCall
[1996].

Figure 5. Reconstruction at 170.0 Ma (Upper Bajocian)

Vectors represent direction and magnitude of the rela-
tive velocity field between Northern Gondwana and
Laurasia. Blue line represents the modeled 172.0 Ma
isochron. The instantaneous Euler pole location is
marked by a small empty circle.

An abrupt change of the absolute velocity of Laurasia
at 170.0 Ma occurred at the end of this initial stage. The
acceleration field shown in Figure 6 indicates that the Cen-
tral Atlantic and Liguride ridges were only affected in the
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spreading rate, whereas transform azimuths remained un-
changed. However, a tensional stress field in the Tethyan
realm was generated that caused decoupling of the oceanic
lithosphere from the Northern Gondwana margin and rift-
ing of microcontinents, the largest being represented by the
Northern Turkey. Evidence of this event can be found in
the Sakarya zone [Okay, 1984 ; Yilmaz et al., 1995], where
basal conglomerates of the Lower Lias are overlain by
sandstones, then by neritic carbonates (until the Late Ju-
rassic), finally by hemipelagic cherty limestones during the
Early Cretaceous. The oceanic plate that formed at 170.0
Ma, corresponding to the Vardar Ocean of Şengör et al.
[1984], existed as an independent plate until chron M0
(120.4 Ma). Following Şengör and Yilmaz [1981], we will
use the term “Inner Tauride Ocean” to indicate the oceanic
crust that formed to the South of Sakarya and Kirsehir and
that progressively separated these blocks from the Mend-
eres-Tauride platform.

Figure 6. Acceleration field at 170.0 Ma (Upper
Bajocian)

Vectors represent direction and magnitude of the rela-
tive acceleration field Laurasia with respect to Northern
Gondwana. Dashed line represents a modelled trend of
the incipient spreading center associated to the birth of
the Vardar Ocean. The instantaneous Euler pole of ac-
celeration is marked by a small empty circle.

Phase 2: Seafloor spreading in the
Southern Tethys

This episode comprises, as the previous one, a single
stage. The time interval is located between 170.0 Ma (Up-
permost Bajocian) and chron M25 (154.3 Ma, Oxfordian-
Kimmeridgian boundary) and is characterized by slower

spreading rates, ranging from the 45 mm/yr of the southern
Central Atlantic to the 23 mm/yr of the Liguride Ocean,
where 380 Km of new oceanic crust were formed between
the passive margins of Eurasia and Adria. The modeled
isochrons and the velocity field at the upper limit of this
stage are illustrated in Figure 7. This map also shows the
amount of new Tethyan crust that was created. During this
time interval Iberia remained attached to Laurasia, while a
wide shear zone accommodated left-lateral motion with
respect to Morocco.

Figure 7. Reconstruction at 154.3 Ma (Upper
Oxfordian)

Vectors represent direction and magnitude of the rela-
tive velocity field between conjugate pairs of plates. Blue
line represents the modeled 172.0 Ma and 170.0 Ma
isochrons. The location of the instantaneous Euler pole
of relative convergence between Vardar and Eurasia is
marked by a small empty circle.

The acceleration field that determined a stage transition
at chron M25 is illustrated in Figure 8. It can be described
as a northward acceleration of Eurasia that was balanced
by a reorientation of the transform faults in the Inner Taur-
ide Ocean and in the Liguride Basin.
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Figure 8. Acceleration field at 154.3 Ma (Upper
Oxfordian)

Vectors represent direction and magnitude of the rela-
tive acceleration field of Africawith respect to Iberia and
Eurasia with respect to Africa. The instantaneous Euler
pole of acceleration of Eurasia with respect to Africa is
marked by an empty circle.

Phase 3: Iberia separates from North
America

The third phase comprises a single short stage between
chrons M25 (154.3 Ma, Uppermost Oxfordian) and M21
(147.7 Ma, Middle Tithonian), during which Iberia began
to separate from North America (150.0 Ma, Lower Titho-
nian). This event caused the formation of a new transform
plate boundary to the North, between Iberia and Eurasia,
and the progressive transfer of left-lateral motion from the
southern boundary (the former shear zone between Iberia
and Morocco) to this newly constituted fault system (Fig.
9). By the end of the stage, any motion between Iberia and
Africa ceased, and the existing spreading center of the Lig-
uride Ocean became extinct.

The northern boundary of Iberia during the Jurassic
could be represented by the North Pyrenean Fault (NPF),
a major vertical structure that several authors assume to be
associated with strike-slip motions during the Middle Cre-
taceous [Choukroune, 1976 ; Teixell, 1998 ; Beaumont et
al., 2000]. However, the global kinematic pattern requires
that this fault system was active well before the Albian-
Cenomanian, because no other major structure has been
recognized that could account for the Late Jurassic-Early
Cretaceous motion of Iberia with respect to Eurasia. An
indirect confirmation of this hypothesis comes from a re-
cent study of calcareous nannofossil assemblages from the

Iberia Abyssal Plain [Concheryo and Wise, 2001]. This
study shows that the oldest assemblages of calcareous nan-
nofossils in this area are early to mid-Tithonian in age and
formed in a restricted interior basin, though open marine
conditions were not established until the major Berriasian
rifting episode.

Figure 9. Reconstruction at 147.7 Ma (Middle
Tithonian)

Vectors represent direction and magnitude of the rela-
tive velocity field between conjugate pairs of plates. Blue
line represents the modeled 172.0 Ma, 170.0 Ma and
M25 isochrons. The location of the instantaneous Euler
pole of relative convergence between Vardar and Eur-
asia is marked by a small empty circle.

The plate velocity field at anomaly M21 is shown in
Figure 9. At this time the Liguride Ocean reached its max-
imum extension, about 490 Km in the northern part and
640 Km in the southern zones. The spreading rates did not
change significantly with respect to the previous stage,
ranging from 46 mm/yr in the southern Central Atlantic to
16 mm/yr in the Liguride Ocean.

The acceleration field illustrated in Figure 10 shows the
pulse that extinguished the Liguride spreading center in the
Western Tethys and that forced the Vardar ridge to re-ori-
ent the system of transform faults that connected spreading
segments. It is important to note that the model proposed
in the previous sections requires that the ridge that existed
in the Northern Tethys, between the area to the North of
Adria (Alpine Tethys) and the Eastern Pontides, remained
stable during the whole sequence of phases that were char-
acterized by a constant subduction rate of the Vardar
Ocean. In fact, this complex system of small spreading
segments and large transform faults separated Eurasia from
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Vardar in a way that was kinematically consistent with the
invariant stage pole of subduction of the decoupled oceanic
plate. Hence, new oceanic crust in the Alpine Tethys con-
tinued to be formed until the Lower Aptian, well beyond
the time of extinction of the spreading centers that existed
in the Western Mediterranean. This persistence of tectonic
activity is confirmed by the presence of resedimented ma-
terials in the pelagic facies of the South Alpine domain
[Winterer and Bosellini, 1981; Santantonio, 1994].

Figure 10. Acceleration field at 147.7 Ma (Middle
Tithonian)

Vectors represent direction and magnitude of the rela-
tive acceleration field of Africa with respect to Iberia and
Eurasia with respect to Africa.

Phase 4: Transcurrent motion along
the Northern Pyrenean Fault

This phase comprises two stages, the first being asso-
ciated to the time interval from chron M21 (147.7 Ma,
Middle Tithonian) to chron M16 (139.6 Ma, Upper Ber-
riasian), while the second one ranges between 139.6 Ma
and anomaly M10 (131.9 Ma, Valanginian-Hauterivian
boundary). The regional velocity field is illustrated in Fig-
ure 11. As anticipated in the previous section, seafloor
spreading in the Central Atlantic is now linked to the kin-
ematic pattern of the Tethyan realm via the NPF. No other
major tectonic events occurred in the Tethyan realm during
these two stages. However, the spreading rate in the south-
ern Central Atlantic diminished significantly with respect
to the previous phase, from about 46 mm/yr to 30 mm/yr.
The onset of an early compressional setting in the Liguride
Ocean and the renewal of tectonic activity at the southern
boundary of Iberia marked the end of this phase at anomaly

M10. The acceleration field that was responsible of this
event is shown in Figure 12. In the Vardar Ocean, an east-
ward directed variation of velocity of Eurasia determined
a faster spreading rate at the beginning of the successive
phase.

Figure 11. Reconstruction at 131.9 Ma (Lower
Hauterivian)

Vectors represent direction and magnitude of the rela-
tive velocity field between conjugate pairs of plates. Blue
lines represents the modeled 172.0 Ma, 170.0 Ma, M25,
M21 and M16 isochrons. The location of the Euler pole
of relative convergence between Vardar and Eurasia is
marked by a small empty circle.

Figure 12. Acceleration field at 131.9 Ma (Lower
Hauterivian)

Vectors represent direction and magnitude of the rela-
tive acceleration field of Africa with respect to Iberia and
Eurasia with respect to Africa.
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Phase 5: Last spreading stages in the
Vardar Ocean and Alpine Tethys

The general tectonic setting around the Tethys during
this important time interval appears as an Early Cretaceous
prolongation of the kinematic pattern that characterized the
Jurassic. However, its upper limit marks the epilogue of the
tectonic history that started in the Middle Jurassic and las-
ted about 55 Myrs. Three stages are comprised in this
phase: from chron M10 (131.9 Ma, Valanginian-Hauteri-
vian boundary) to chron M9 (130.0 Ma, Lower Hauterivi-
an-Upper Hauterivian boundary), from 130.0 Ma to chron
M4 (126.7 Ma, Hauterivian-Barremian boundary), and
from 126.7 Ma to chron M0 (120.4 Ma, Barremian-Aptian
boundary).

A first important event that occurred during this phase
is represented by the onset of rifting and seafloor spreading
in the North Atlantic since 130.0 Ma [Rowley and Lottes,
1988]. However, in spite of the relevance of this event at
global scale and the apparent synchronism, it can be shown
that it did not trigger the mechanism of Alpine subduction
during the Lower Aptian. This aspect will be discussed
further in this section. Another feature of this time period
is associated with the weak compressional setting that es-
tablished in the Liguride Basin (Fig. 13), though the pre-
dicted total amount of shortening (about 67 Km) could be
too small for a field evidence of this event. Similarly, the
very small amount of extension predicted by the model for
the southern margin of Iberia can be hardly observed
through geological studies. In general, most of the tectonic
activity around Iberia continued to occur at the northern
transtensional boundary with the Eurasian plate. In this re-
gion two important basins formed that are well documented
in the geologic literature, the Valais trough and the Astur-
ian basin. To the East, the Valais oceanic trough opened by
separation of the Sardinia-Corsica-Briançonnais domains
from the southern French margin [Stampfli et al., 1998].
The model proposed in this paper predicts that about 200
Km of new oceanic crust formed between the northeastern
margin of Iberia and Eurasia during this phase. At the
western side, geologic and structural data from the Asturian
region indicate that small rift basins formed at the northern
margin of Iberia after the Late Jurassic [Lepvrier and Mar-
tínez-García, 1990], several million years before the onset
of seafloor spreading in the Biscay Bay [Srivastava et al.,
1990].

Figure 13. Reconstruction at 120.4 Ma (Lower Aptian)

Vectors represent direction and magnitude of the rela-
tive velocity field between conjugate pairs of plates. Blue
lines represent the modeled 172.0 Ma, 170.0 Ma, M25,
M21, M16 and M10 isochrons. The 130.0 Ma and M4
isochrons are indicated in green. The location of the Eu-
ler pole of relative convergence between Vardar and
Eurasia is marked by a small empty circle.

During the first two stages, between anomalies M10
(131.9 Ma) and M4 (126.7 Ma), the spreading rate in the
southern Central Atlantic slowed again, only 16.80 mm/yr
with respect to the 30 mm/yr of the previous phase. How-
ever, it returned to be 30 mm/yr during the third stage. At
the end of the phase (120.4 Ma, Barremian-Aptian boun-
dary) the Alpine Tethys and the Inner Tauride Ocean
reached their maximum extensions, respectively 1400 and
1100 Km.

The acceleration field at 120.4 Ma (Barremian-Aptian
boundary) is illustrated in Figure 14. The absolute varia-
tions of velocity (that is, relative to the spin axis) of Eurasia
and North America are shown in the upper part of this map.
They are almost identical, though Eurasia was moving with
respect to N. America at that time. The anti-pole of this
absolute acceleration field was located in southern Moroc-
co (24.03N,13.48E), with a magnitude of clockwise rota-
tion equal to 0.36°/Myr. Therefore, the ongoing separation
of Eurasia from the North American craton did not affect
the establishment of a strong compressional field in the
Tethyan realm, as the two plates accelerated with the same
pole and magnitude. This event generated at the same time
a strong pulse in the spreading rates of the Central Atlantic
and the onset of the Alpine collision. The acceleration of
Africa with respect to Eurasia is shown in Figure 14 it is
apparent that such pulse of convergence could not be
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compensated by a slower spreading rate of the Vardar
ridge. Hence, the entire system of spreading segments col-
lapsed. According to the model of Robertson and Dixon
[1984], a long slice of ophiolites should have formed as a
consequence of this Neothetyan ridge collapse, consistent-
ly with models that predict at least two distinct root-zones
for the Turkish ophiolites [e.g., Çengör and Yilmaz, 1981 ;
Robertson and Dixon, 1984]. Therefore, our model con-
firms that the Neotethyan oceanic seaway that formed be-
tween Sakarya-Kirsehir and the Menderes-Tauride plat-
form during the Jurassic and the Early Cretaceous, herein
referred to as the “Inner Tauride Ocean”, was the source
zone for the ophiolites of the Central Anatolia, which were
emplaced onto the suture between these blocks during the
Late-Cretaceous-Eocene collision.

Figure 14. Acceleration field at 120.4 Ma (Lower Aptian)

Vectors on N. America and Eurasia represent direction
and magnitude of the absolute acceleration field of these
plates. Vectors in the Eastern Tethys represent the ac-
celeration field of Northeast Africa with respect to Eur-
asia. Vectors on Iberia are relative to Eurasia. Finally,
the acceleration field in Western Mediterranean is rela-
tive to Iberia. A small circle represents the Euler pole of
acceleration of N. Africa woth respect to Eurasia.

Phase 6: The early Alpine subduction
This time interval comprises a single stage between

anomaly M0 (120.4 Ma, Barremian-Aptian boundary) and
110.0 Ma (Lower Albian). The reconstruction of the ve-
locity and acceleration fields at 110.0 Ma is illustrated in
Figures 15-16. As shown in Figure 16, the younger boun-
dary of this stage is not associated to important variations
of the relative velocity of Africa with respect to Eurasia.
However, the reconstruction shows some important

features of the Alpine tectonics during the Cretaceous Qui-
et Zone.

Figure 15. Reconstruction at 110.0 Ma (Lower Albian)

Vectors represent direction and magnitude of the rela-
tive velocity field between conjugate pairs of plates. Blue
lines represent the modeled 172.0 Ma, 170.0 Ma, M25,
M21, M16 and M10 isochrons. The 130.0 Ma, M4 and
M0 isochrons are indicated in green. The location of the
Euler pole of relative convergence between Northeast
Africa and Eurasia is marked by a small empty circle.

A first important feature of this time period is represen-
ted by the onset of seafloor spreading in the North and
South Atlantic, and by the opening of the Biscay Bay [Sri-
vastava et al., 1990]. In particular, spreading rates were
high in the South Atlantic (~43 mm/yr at the Romanche
Fracture Zone and ~63 mm/yr at the Agulhas-Falkland
Shear Zone) and the Central Atlantic (55 mm/yr in the
southernmost region). Simultaneously, the African plate
experienced internal deformation with the onset of right-
lateral motion along the CASZ and rifting episodes in the
Benue Trough and Termit Basins [Wilson and Guiraud,
1992 ; Genik, 1992 ; Guiraud and Maurin, 1992].
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Figure 16. Acceleration field of Africa withrespect to
Eurasia at 110.0 Ma (Lower Albian).

Acceleration field of Africa withrespect to Eurasia at
110.0 Ma (Lower Albian).

Regarding the Tethyan realm, we note the establishment
of two different trench systems, which were presumably
separated by a transform fault (Fig. 15). In the Western
Mediterranean, old oceanic crust of the Pennine Ocean
(Eurasian plate) was subducting southwards under the ac-
tive margin of Adria. In the Eastern regions the old Jurassic
trench of Sanandaj-Armenia-East Pontides extended fur-
ther west to reach the West Pontides and Rodophe, where
Jurassic oceanic crust was subducting northwards. Con-
vergence rates and styles of subduction indicate a strong
differentiation between these two trench systems. In gen-
eral, we observe an eastward increase of the subduction
rate, starting from the ~5.2 mm/yr at the highly oblique
trench of the Valais Trough through the ~18.0 mm/yr of
the Eastern Alpine trench. To the East, North-dipping ob-
lique subduction under the Rodophe-West Pontides zone
occurred at rates ranging between ~18.3 mm/yr and ~31
mm/yr. Finally, the highest magnitudes were reached in the
easternmost regions, where pre-Jurassic oceanic crust was
subducted at a rate of ~60 mm/yr.

From the point of view of the kinematic model presen-
ted in the previous sections, the overall result of the plate
boundary reorganization at chron M0 (120.4 Ma) was the
formation of a system of converging plates characterized
with a new stage pole. From the Middle Jurassic through
the Early Cretaceous, a large oceanic plate subducted under
Eurasia at a constant rate of 0.698°/Myr about a stage pole
located at (55.21N,31.76E). This stage pole was calculated
assuming that the kinematic pattern established during the

initial stage of seafloor spreading in the Central Atlantic,
between 175.0 Ma and 170.0 Ma, constrained the rate of
convergence in the Eastern Tethys during the subsequent
stages. Then, finite rotations of the Vardar plate with re-
spect to Northeast Africa (Table 2) were calculated using
Equation 3 and the assumption that small variations of the
relative velocity between Africa and Eurasia were com-
pensated by variations of the spreading rate at the ridge that
separated Vardar from Northern Gondwana. As discussed
in the previous section, the events that occurred at anomaly
M0 caused the end of this mechanism of compensation, and
a new system of subduction zones established that were
characterized by a different rate and pole of convergence.
As for the previous phases, we could assume that the stage
pole for the motion of Africa with respect to Eurasia during
this initial stage (between 120.4 Ma and 110.0 Ma) con-
strained the rate of convergence of all the subsequent
stages. However, the field associated to variations of the
relative velocity between Africa and Eurasia illustrated in
Figure 16 shows a weak component of acceleration towards
the trench. Moreover, we will show that a state of trench
compression characterized the Alpine and Tethyan sub-
duction systems until the Lower Campanian. Hence, a state
of equilibrium in the mechanism of convergence between
the major plates was not established until the Late Creta-
ceous. This means that mechanisms for the conservation of
the equilibrium were not activated until that time.

Phase 7: First collisions in the Eastern
Tethys

This phase comprises a single stage between 110.0 Ma
(Lower Albian) and chron 34 (83.5 Ma, Santonian-Cam-
panian boundary). A reconstruction of the velocity field at
chron 34 is illustrated in Figure 17. Perhaps the most im-
portant event of this time period is represented by the es-
tablishment of a subduction zone south of Sakarya-Kirse-
hir, once the leading tip of this composite microplate
reached the active margin of Eurasia between Armenia and
Eastern Pontides. The model proposed in this paper pre-
dicts that Northern Turkey started to collide at about 87 Ma
(Upper Coniacian). In order to calculate the motion of this
block for subsequent times, we combined the stage pole of
the surrounding oceanic plate (which was part of Africa)
with an additional pole that removed the trench-normal
component of velocity at the contact zone. In this way, no
overlap between Northern Turkey and the Eurasian margin
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was allowed, and the resulting motion was simply a right-
lateral translation along the trench of the leading edge and
an additional clockwise rotation of the other points. Of
course this mechanism required the establishment of a new
zone of convergence at the southern margin of Sakarya-
Kirsehir, where the Inner Tauride Ocean initiated to sub-
duct. Geologic data from the Tuzgölü Basin of Central
Turkey, Sakarya and the Pontides substantially confirm the
model proposed here [Görür et al., 1984, and references
therein ; Yilmaz et al., 1995]. In fact, Görür et al. [1984]
describe a scenario in which north-dipping subduction of
Tethyan oceanic crust under Rodophe-Pontide may have
initiated during the Aptian-Albian, whereas subduction un-
der Sakarya and Kirsehir occurred since the Cenomanian-
Turonian, which is in agreement with the model proposed
here.

Figure 17. Reconstruction at 83.5 Ma (Santonian-
Campanian boundary)

Vectors represent direction and magnitude of the rela-
tive velocity field between conjugate pairs of plates. Blue
lines represent the modeled 172.0 Ma, 170.0 Ma, M25,
M21, M16 and M10 isochrons. The 130.0 Ma, M4 and
M0 isochrons are indicated in green. The location of the
Euler pole of relative convergence between Africa and
Eurasia is marked by a small empty circle.

An interesting feature of the reconstruction at chron 34
is associated with the progressive approach of the south-
dipping Alpine subduction zone to the Rodophe-Pontide
trench (Fig. 17). At the Santonian-Campanian boundary
the length of the transform fault that connected these two
systems was strongly reduced, giving rise to a complex
subduction zone characterized by reversal of subduction
polarity, similar to some present day zones of subduction

of Southeast Asia and Western Pacific (e.g., the Solomon-
San Cristobal trench system).

Flysch sedimentation became widespread in the South
Alpine region from the Turonian [Castellarin, 1976 ; Bich-
sel and Häring, 1981 ; Bernoulli et al., 1981 ; Bernoulli and
Winkler, 1990]. The direction of transport of these terri-
genous turbidites suggests a northern provenance, possibly
from a trench-forearc system comprising Austroalpine
units. At the western end of the Alpine trench, oblique sub-
duction of the Valais Ocean under Corsica continued at a
rate of ~8 mm/yr for the whole stage. This process, as well
as further spreading in the Biscay Bay, was clearly related
to the continuation of counterclockwise rotation of Iberia
with respect to Eurasia.

The pattern of the acceleration fields at 83.5 Ma is il-
lustrated in Figure 18. It indicates ridge compression in the
Biscay Bay, hence the extinction of the corresponding
spreading center. In the Mediterranean region the whole
system of subduction zones was subject to compression.
Therefore, the next stage began with a plate tectonic con-
figuration of the Tethyan realm characterized by instability
of the trench systems.

Figure 18. Acceleration field Eurasia with respect to
Iberia and Africa at 83.5 Ma (Santonian-Campanian
boundary)

Empty barbs represent incipient subduction zone. Dot-
ted line indicates ridge extinction.

Phase 8: The Early Pyrenean Orogeny
This phase encompasses two stages, the first of which

being represented by a short time interval between anomaly
34 (83.5 Ma, Santonian-Campanian boundary) and 80.2
Ma (Middle Campanian), whereas the second one lasted at
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74.3 Ma (C33n, Upper Campanian). A uniform velocity
field (Fig. 19) characterized the western regions, from the
northern margin of Iberia to Western Pontides, because no
relative motion occurred between the Mediterranean mi-
croplates (including Iberia) and Africa during this phase.
To the East, subduction of the Inner Tauride Ocean beneath
the Sakarya-Kirsehir block continued to be constrained by
the ENE-directed field of velocity of Africa relative to this
block. An interesting feature of the reconstruction of Figure
19 is represented by the westward prolongation of the Al-
pine trench, in the region presently occupied by the Pyre-
nean orogen. The observation of recent seismic reflection
profiles interpretations [Teixell, 1998 ; Beaumont et al.,
2000] suggests that this early stage of compression was
accommodated by thrusting of continental crust of Iberia
onto Eurasia along the North Pyrenean Frontal Thrust
(NPFT). If this scenario is correct, the south-dipping Al-
pine subduction zone can be traced further West without
inversion of polarity, as indicated in Figure 19. However,
independently from these structural details, we observe that
the onset of the Pyrenean orogeny was not related to the
opening of the Biscay Bay and the rotation of Iberia, but
occurred after the completion of this process.

Figure 19. Reconstruction at 74.3 Ma (Upper
Campanian)

Vectors represent direction and magnitude of the rela-
tive velocity fieldof Africa relative to Eurasia. Blue lines
represent the modeled 172.0 Ma, 170.0 Ma, M25, M21,
M16 and M10 isochrons. The 130.0 Ma, M4 and M0 iso-
chrons are indicated in green. Dashed red lines repre-
sent areas of incipient extension.

The acceleration field at the Upper Campanian boun-
dary is shown in Figure 20. We note the absence of

variations of relative velocity at the convergent boundaries
of the Northern Mediterranean region. This indicates that
the main trench systems reached a state of equilibrium at
the end of the phase. Conversely, the Inner Tauride Trench
was still in a highly rotational compression field, as illus-
trated in Figure 20. The principal feature of this map is the
weak northwest-directed variation of velocity of Eurasia
and Iberia with respect to Africa, which implies either the
onset of an extensional stress field in the Southern Medi-
terranean region (if Adria and Southern Turkey are kept
fixed to Iberia) or extension at the western margin of Adria.
Geologic data from the Eastern Mediterranean (Antalya
Complex and Kyrenia Range) seems to indicate spreading
episodes during the Late Cretaceous [Robertson, 1998],
whereas no evidence of extensional phenomena comes
from the Apenninic domain. Hence, we will assume that
Upper Campanian rifting and possibly spreading affected
the Southern Mediterranean region, immediately prior of
the onset of subduction in the easternmost areas.

Figure 20. Acceleration field of Iberia, Adria and
Southern Turkey with respect to Africa at 74.3 Ma
(Upper Campanian)

Arrows South of Sakatya and Kirsehir indicate acceler-
ation of subduction rate of the Inner Tauride Ocean.
Dashed lines indicate zones of extension.

Phase 9: Closure of the Eastern
Oceanic Connection

The last phase that characterized the tectonic history of
the Mediterranean region during the Mesozoic comprises,
as the previous one, two stages: from 74.3 Ma (C33n, Up-
per Campanian) to 72.5 Ma (C32n.2n, Upper Campanian),
and from 72.5 Ma to 67.7 Ma (C31n, Upper Maastrichtian).
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In the eastern regions, this time period marks the comple-
tion of the process of subduction of the Vardar Ocean
(Northeast Neo-Tethys) under Eurasia and the first direct
contact between Kirsehir and the Tauride Platform, with
the subsequent closure of the former oceanic connection
with the Indian Ocean (Fig. 21). This event also triggered
compression in the southern branch of Neotethys, between
the Tauride Platform and Arabia [e.g., Robertson, 1998].
At the end of the second stage, in the Upper Maastrichtian,
only a remnant of the oceanic crust that formed during the
Jurassic and Early Cretaceous survived in the eastern re-
gion: the Inner Tauride Ocean, which was still subducting
under the Western Pontides, Sakarya and Kirsehir.

Figure 21. Reconstruction at 67.7 Ma (Upper
Maastrichtian)

Vectors represent direction and magnitude of the rela-
tive velocity fields in the Mediterranean region. Blue
lines represent the modeled 172.0 Ma, 170.0 Ma, M25,
M21, M16 and M10 isochrons. The 130.0 Ma, M4, M0
and 74.3 Ma isochrons are indicated in green.

Regarding the Western region, the velocity field shown
in Figure 21 indicates the onset of weak compressive tec-
tonics in the Liguride Ocean, associated to the eastward
motion of Iberia with respect to Africa since 72.5 Ma
(C32n.2n, Upper Campanian), tough an earlier phase of
compression is likely to have occurred in conjunction with
relative motion between Northwest Africa and Northeast
Africa. Evidence of compression in this region during the

Late Cretaceous is well documented by both geological and
geophysical data. A recent paper of Faccenna et al. [2001]
shows that initiation of slow subduction under the eastern
margin of Iberia (Corsica-Sardinia-Balearics) occurred be-
tween 80 Ma and 70 Ma. These authors estimate an average
velocity of convergence of 8 mm/yr from the Late Creta-
ceous to the Oligocene, which agrees well with the value
predicted by our model for this initial stage: 6 mm/yr off-
shore Corsica. However, radiometric ages of the blueschist
metamorphic facies of Alpine Corsica indicate an earlier
initiation of compressive motions in the Liguride Ocean,
about 105 Ma for the emplacement of the Schistes Lustrés
nappes [Cohen et al., 1981]. We assume that this event,
which predates the onset of subduction of oceanic crust in
this region, is associated to large-scale tectonic motions
that deformed the African continent between anomalies
M0 and C34, when Northwest Africa and Iberia were sub-
ject to a small clockwise rotation with respect to Northeast
Africa.

Conclusion
A new model for the formation of microplates at con-

vergent boundaries has been discussed and applied to the
tectonic history of the Mediterranean region for Jurassic
and Cretaceous times. Dewey et al. [1989] already recog-
nized that the motion of large surrounding plates is not al-
ways directly related to the regional tectonics. In this paper
we show that the kinematics of small intervening terranes
is constrained by variations of relative velocity between the
major plates. In particular, we have shown that deformation
of passive margins and rifting of continental slivers is di-
rectly related to the conservation of equilibrium at trench
systems. A discussion about the major tectonic events that
characterized the Mediterranean region demonstrates that
the quantitative approach proposed here accounts for tim-
ing and style of processes that are documented in the geo-
logic literature. Hence, an application of this method to
other complex tectonic histories (e.g., Southeast Asia,
West Pacific, Cenozoic Mediterranean) could give a better
understanding of the geologic processes in these areas.
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A. Animation

Figure 22 is a movie illustrating the model proposed in this
paper for the tectonic evolution of the Mediterranean re-
gion during the Jurassic and the Cretaceous. This animation
can give a better understanding of the mechanism discussed
in the previous sections regarding the formation of new
oceanic crust during the Jurassic and the subsequent sub-
duction during the Cretaceous. The process is represented
in the movie by the appearance of modeled isochrons at
stage boundaries and their subsequent motion as new crust
forms at spreading centers. Hence, the total amount of oce-
anic crust that formed during the Jurassic is clearly boun-
ded by the oldest isochrons. Similarly, the destruction of
this crust at trench systems during the Cretaceous is easily
identified by disappearance of isochrons as they approach
the subduction complex.

Figure 22. Computer animation

Computer animation representing model proposed in
this paper for the tectonic evolution of the Mediterranean
region during the Jurassic and the Cretaceous
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