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Abstract

The increasing effects of African^Eurasian convergence during the Tertiary resulted in the uplift and emergence
of the Northern and Southern Peri-Tethys platforms. Palaeogeographic maps covering six selected time slices,
including the Middle Eocene, late Early Oligocene, late Early Miocene, early Middle Miocene, early Late Miocene
and Middle to Late Pliocene illustrate that environmental and depositional differentiations on the northern platform
and along the bordering domains of the convergence zone were more pronounced than on the southern platform and
its adjacent areas. The tectonic evolution of the northern platform included an overall eastward-directed trend in the
onset of basin uplift and emergence, which started at about the Eocene^Oligocene transition, at 34 Ma.
Tectonostratigraphic analyses indicate a striking contemporaneity of the events which defined the temporal and
spatial development of both the domains of the convergent plate boundary zone and the bordering platforms. Five
episodes of major regional change in palaeogeographic and tectonic setting are distinguished. They occurred in the
Late Eocene (37^34 Ma), early Late Oligocene (30^27 Ma), latest Early to earliest Middle Miocene (17^15 Ma), early
Late Miocene (9^8 Ma) and late Early to early Middle Pliocene (4^3 Ma). These episodes encompassed changes which
were most probably induced by geodynamic events primarily related to the relative motions of the African/Arabian
and Eurasian plates. In turn, the plate motions are assumed to have ‘triggered’ discrete steps in the regional
kinematics and geodynamics that governed the palaeogeographic evolution of the Peri-Tethys platforms and the
intermediate domains of the African^Eurasian plate boundary zone.
; 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The recently published Peri-Tethys Atlas (Der-
court et al., 2000a) includes a total of 24 palaeo-
geographic maps at a scale of 1:10 000 000 for the
Late Palaeozoic to Pleistocene time interval. Sev-
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en of these maps and their accompanying explan-
atory notes concern the Tertiary (Meulenkamp et
al., 2000a,b). They re£ect di¡erent stages of the
evolution of the Northern and Southern Peri-Te-
thys platform areas at both sides of the African/
Arabian^Eurasian convergent plate boundary, as
summarised (Fig. 1) for the Early Eocene (early
to middle Ypresian: 55^51 Ma), Middle Eocene
(late Lutetian: 44^41 Ma), Early Oligocene (late
Rupelian: 32^29 Ma), Early Miocene (early Bur-

digalian: 20.5^19 Ma), Middle Miocene (early
Langhian: 16.4^15.5 Ma), Late Miocene (late
Tortonian: 8^7 Ma) and Middle/Late Pliocene
(Piacenzian/Gelasian: 3.4^1.8 Ma) in Figs. 2^7.
Palaeogeographic reconstructions and tectono-
stratigraphic evaluations for some of the eastern
and southern areas are relatively tentative due to
less detailed information. For particular time in-
tervals, the data available from some other parts
of the area of study turned out to be insu⁄cient

Fig. 1. Correlation chart of Tertiary epochs and ages with Paratethys regional stages, continental stages and marine and conti-
nental biozones. Numbers 2^7 in the left column refer to the positions of schematic palaeogeographic/palaeoenvironmental maps
of Figs. 2^7 relative to time (modi¢ed after Meulenkamp et al., 2000b).

Fig. 2. Schematic palaeogeographic map for the late Lutetian, showing position of continental basins, shallow and deep marine
basins and shallow and deep basins with salinities deviating from normal (modi¢ed after Meulenkamp et al., 2000a). Heavy lines
denote important fault zones, while open triangles and ¢lled triangles represent respectively thrusting and oceanic subduction.
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for trustworthy reconstructions and analyses. The
Tertiary evolution of the Peri-Tethys platforms
was primarily controlled by the enhanced cou-
pling of the African/Arabian, Apulian, Iberian,
Eurasian and (in the easternmost part of the
area of study) Indian plates (Dercourt et al.,
1993, 2000a,b (and references therein); Golonka
et al., 2000). This large-scale development in-
cluded the e¡ects of the later, quasi-¢nal stages
of Alpine convergence and continent^continent
collision on palaeogeography and sediment distri-
bution patterns which followed upon the break-
up of Pangaea in the early Mesozoic, the subse-
quent formation of the Neotethys and the incep-
tion of African^Eurasian convergence from the

Cretaceous onward (Dercourt et al., 1986, 1993,
2000a,b). The northward motion of the African
block relative to Eurasia was fastest in the east,
in accordance with the overall anticlockwise rota-
tion of Africa/Arabia, whereas the position of the
northern margin of the African Plate relative to
Iberia remained fairly stable throughout the Cai-
nozoic.
In this paper, we will summarise the palaeogeo-

graphic and palaeoenvironmental evolution of the
Peri-Tethys Platform realms at either side of the
African^Eurasian convergent plate boundary as
inferred from Dercourt et al. (2000a,b). More in
particular, the tectonostratigraphic interrelations
between the coeval development of the platform

Fig. 3. Schematic palaeogeographic map for the late Rupelian, showing position of continental basins, shallow and deep marine
basins and shallow and deep basins with salinities deviating from normal (modi¢ed after Meulenkamp et al., 2000a). Heavy lines
denote important fault zones, while open triangles and ¢lled triangles represent respectively thrusting and oceanic subduction.
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domains and the collision zone are explored in
this paper. We will also attempt to relate some
of the Tertiary episodes of major palaeogeograph-
ic change to speci¢c geodynamic events in the
collision zone.

2. Outline of Peri-Tethys palaeogeographic and
palaeoenvironmental evolution

The Middle Eocene to Middle/Late Pliocene
palaeogeographic and palaeoenvironmental evolu-
tion of the Tethys and Peri-Tethys realms is sum-
marised in Figs. 2^7. The temporal development

of the northern and southern platforms displays a
long-term trend of decreasing marine in£uence
and a correlative reduction in size of the marine
depositional domains. The concomitant growth of
the land mass re£ects the impact of a large-scale,
overall tectonically induced inversion process
which increasingly a¡ected both sides of the colli-
sion zone since the beginning of the Tertiary. The
overall regression on the southern and northern
platforms already started in the Late Cretaceous,
as part of the ‘inception of Alpine times’ (Der-
court et al., 2000b). However, there are pro-
nounced di¡erences in timing and in regional
characteristics of the observed changes between

Fig. 4. Schematic palaeogeographic map for the early Burdigalian, showing position of continental basins, shallow and deep ma-
rine basins and shallow and deep basins with salinities deviating from normal (modi¢ed after Meulenkamp et al., 2000a). Heavy
lines denote important fault zones, while open triangles and ¢lled triangles represent respectively thrusting and oceanic subduc-
tion.
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the northern and southern platforms, as well as
between the western and eastern domains of the
Peri-Tethys realms.

2.1. Southern Peri-Tethys Platform

Through time, the large-scale land^sea distribu-
tion patterns on the African part of the southern
(African/Arabian) platform indicate a phased
northward retreat of marine environments all
along the platform margins. For instance, the
sea extended southward as far as northern Sudan
in late Palaeocene times, but the shoreline moved
progressively in this area throughout the later
Tertiary. In the Oligocene, fundamentally new

palaeogeographic-palaeoenvironmental settings
arose further to the east, in conjunction with the
separation of the African and Arabian plates
through the opening of the Gulf of Aden^Red
Sea^Gulf of Suez Rift System. The Arabian Plat-
form, still largely covered by the sea in Early to
Middle Eocene times, was subject to a major
regression in the Middle to Late Eocene. In
the Early Oligocene, it was almost completely
emerged. The sea re-invaded the more central
parts of the Arabian Platform in the latest Early
to earliest Middle Miocene, but regressed again
prior to the late Middle Miocene. This implies
that the (late) Middle Miocene and early Late
Miocene con¢gurations on the Arabian Platform

Fig. 5. Schematic palaeogeographic map for the early Langhian, showing position of continental basins, shallow and deep marine
basins and shallow and deep basins with salinities deviating from normal (modi¢ed after Meulenkamp et al., 2000a). Heavy lines
denote important fault zones, while open triangles and ¢lled triangles represent respectively thrusting and oceanic subduction.
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proper did not di¡er fundamentally from those in
the Late Miocene, as illustrated in Fig. 6.

2.2. Northern Peri-Tethys Platform

The Tertiary history of the Northern Peri-Te-
thys Platform is far more complex than that of
the Southern Peri-Tethys Platform, due to recur-
rent episodes of palaeogeographic reorganisations
and basin rearrangements. Regional uplift pat-
terns on the northern platform caused the (¢nal)
closure of marine corridors, which connected the
Tethys domains with the Arctic and Atlantic
oceans until Late Eocene and late Early Oligocene
times, respectively (cf. Ro«gl, 1998). In the Palaeo-
cene and Early Eocene, the marine corridor across

the Aquitaine Basin connected the Atlantic Ocean
with the western part of the Tethyan domain. A
N^S-trending seaway allowed the exchange of
water masses between the Arctic Ocean and the
Tethyan/Indo-Paci¢c domains via the West Sibe-
rian Basin and the Turgaj Strait until the Late
Eocene (Figs. 2 and 3). In contrast, the W^E At-
lantic^Tethyan/Indo-Paci¢c trans-European ma-
rine corridor from the North Sea Basin via the
Polish Lowland Basin and the Dnepr^Donetz De-
pression was de¢nitely closed in the course of the
Early Oligocene (Figs. 2 and 3). In the approxi-
mately W^E-trending corridor between the Atlan-
tic Ocean and the Tethyan Sea, as in the seaways
connecting the Arctic Ocean and the Tethys, ma-
rine conditions were followed by the installment

Fig. 6. Schematic palaeogeographic map for the late Tortonian, showing position of continental basins, shallow and deep marine
basins and shallow and deep basins with salinities deviating from normal (modi¢ed after Meulenkamp et al., 2000a). Heavy lines
denote important fault zones, while open triangles and ¢lled triangles represent respectively thrusting and oceanic subduction.
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of £uvio-lacustrine environments before sedimen-
tation in most of these depositional areas came to
a close (Figs. 2^7). The Tertiary uplift resulted in
the withdrawal of the sea from almost all of West-
ern Europe and from the Central and East Euro-
pean domains adjacent to and straddling the Te-
thys^Peri-Tethys transition zone, from the late
Early Miocene to the Late Pliocene.
An additional, major development was the ori-

gin of the so-called Paratethys as a discrete pa-
laeogeographic/palaeoenvironmental and, in par-
ticular, palaeobiogeographic realm at the Eocene^
Oligocene transition. The enhanced emergence of
the Alpine chains from the end of the Eocene
onward (Figs. 3^7) resulted in the near-isolation

of the basinal areas to the north and the south of
these evolving chains and, consequently, the sev-
erance of marine connections. The Paratethys
thus comprises domains of both the convergence
zone proper and the Eurasian (Peri-Tethys) plat-
form areas. The severance of main connections, in
turn, underlies the recurrent development of vast
depositional areas in the Paratethys with salinities
deviating from normal.
Pronounced temporal and regional di¡erences

can be inferred from the Tertiary evolution of
the basins of the Peri-Tethys and Peri-Tethys^Te-
thys transitional domains from west to east, i.e.,
from the Iberian Peninsula towards the Caspian
Sea region. In the interior basins of the Iberian

Fig. 7. Schematic palaeogeographic map for the Piacenzian/Gelasian, showing position of continental basins, shallow and deep
marine basins and shallow and deep basins with salinities deviating from normal (modi¢ed after Meulenkamp et al., 2000a).
Heavy lines denote important fault zones, while open triangles and ¢lled triangles represent respectively thrusting and oceanic
subduction.
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block, depositional systems remained remarkably
constant throughout the Tertiary. Invariably, they
were marked by the accumulation of £uvio-lacus-
trine sequences in intra-montane basins, including
deposition of variable amounts of evaporites.
Only in Middle/Late Pliocene times did these se-
quences become signi¢cantly reduced. The sedi-
mentary record of the Pyrenees and its bordering
areas indicates that marine and subsequent £uvio-
lacustrine sedimentation in the Pyrenean foreland
basins ended around the Eocene^Oligocene tran-
sition and in the course of the Middle Miocene,
respectively. To the north, the sea withdrew from
large parts of the Aquitaine Basin during the
Early Miocene. The Paris Basin records the e¡ects
of regional uplift of Western Europe through the
shift from marine to £uvio-lacustrine sedimenta-
tion at about the Oligocene^Miocene transition.
Concurrently, a time-progressive decrease of ma-
rine in£uences occurred along the marginal parts
of the North Sea Basin in the course of the Mio-
cene.
From the palaeogeographic maps (Figs. 2^7)

one may infer that the development of the Rhine
and Rho“ne grabens of the European Cainozoic
Rift System in Western Europe was ‘superim-
posed’ upon the overall Tertiary regressive/uplift
trends. The rift system originated in the Middle
Eocene. Its sedimentary record re£ects the episo-
dic nature of marine connections with either
the North Sea, the Paratethys or the Mediterra-
nean realm. After Oligocene to Early Miocene
episodes of variably pronounced marine in£uen-
ces, the sea withdrew from the largest part of the
system at about the Early^Middle Miocene
boundary.
Thepalaeogeographic/palaeoenvironmental con-

¢gurations of the Peri-Tethys^Tethys transitional
domains and their adjacent areas in Southwestern
and Central Europe display time-successive east-
ward shifts of the termination of marine foreland
basin/foredeep sedimentation and subsequent ac-
cumulation of non-marine clastics from the West-
ern Alpine towards the Eastern Carpathian re-
gions, from the latest Early/earliest Middle
Miocene to the late Middle to early Late Mio-
cene. The end of (marine) sedimentation/inception
of uplift also documents an overall eastward shift

in the course of time. The net result of these de-
velopments re£ects successive steps in the incor-
poration of the Alpine^Carpathian domain into
the landmass of the European craton. In the
Late Miocene, the southeastern part of the Car-
pathian foreland basin system (Dacic Basin) be-
came part of the Eastern Paratethys (Fig. 6). In
the latter domain and in the Peri-Tethys^Tethys
transitional regions, ephemeral marine incursions
from the Mediterranean occurred from the
Late(st) Miocene onward. A major, intra-Pliocene
palaeogeographic reorganisation in the Eastern
Paratethys resulted, for instance, in a signi¢cant
northward extension of sedimentation in the Cas-
pian domain relative to the Late Miocene (Figs. 6
and 7).
In summary, it may be concluded that the over-

all uplift of both the Southern and Northern Peri-
Tethys Platform domains in the Late(st) Eocene
was followed by an Oligocene to Late Pliocene
period of regional di¡erentiation, during which
the depositional and environmental conditions
were further modi¢ed. This di¡erentiation re£ects
a general trend of progressive termination of ma-
rine as well as terrestrial sedimentation and of
regional uplift from west to east on the northern
platform and along the Peri-Tethys^Tethys transi-
tional zones.

3. Peri-Tethys^Tethys tectonostratigraphic
correlations

The general trends in the palaeogeographic and
palaeoenvironmental evolution of the Northern
and Southern Peri-Tethys platforms did not result
from gradual, sustained changes, but rather from
discrete changes which apparently simultaneously
a¡ected various domains (Meulenkamp et al.,
2000b and references therein). Below, we will ex-
plore the interrelationships between such changes
and those which characterised the tectonostrati-
graphic evolution of some parts of the convergent
plate boundary zone for the Middle to Late Eo-
cene, the Oligocene to late Early Miocene, the
late(st) Early to early Middle Miocene, the late
Middle to Late Miocene, and the Pliocene/Pleis-
tocene.
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3.1. Middle to Late Eocene

An important event a¡ecting the northern plat-
form was the inception of rifting in Western Eu-
rope at about the beginning of the Middle Eo-
cene, 50 Ma ago. This event initiated the
opening of the various basins of the European
Cainozoic Rift System (Sissingh, 1997, 2001).
However, the main phase of rifting of the Rhine
Graben started later, at about the Middle^Late
Eocene transition, 37 Ma ago. The domain of
the Lower Rhine Embayment did not become in-
corporated in the rifting process until the Eocene^
Oligocene transition, 34 Ma ago.
Our data are not su⁄cient to put precise and

unambiguous, high-resolution time constraints on
the correlation between Middle and Late Eocene
events inferred from the platforms’ records and
those pertaining to the evolution of the domains
all along the collision zone. However, the avail-
able Tethys data indicate a sequence of orogenic
events, ‘culminating’ in the Late Eocene (Priabo-
nian) that resulted in the origin of a fairly contin-
uous, incipient mountain chain all along the mar-
gin of the northern platform by the end of the
Eocene, 34 Ma ago. Simultaneously, major Late
Eocene tectonics a¡ected the western North Afri-
can margin of the Southern Peri-Tethys Platform
(Frizon de Lamotte et al., 2000) and the domain
of the Pyrenees (‘Pyrenean orogenic phase’) (Ar-
thaud and Se¤guret, 1981). The available data also
suggest that the Late(st) Eocene events in the Te-
thys are correlative to an episode of enhanced
uplift of both the bordering Southern and North-
ern Peri-Tethys platforms, as expressed by the up-
lift of Arabia and the terminal Priabonian regres-
sion on the East European Platform. In the North
Sea region, inversion also peaked during the Late
Eocene to Early Oligocene (Ziegler, 1987).

3.2. Oligocene to late Early Miocene

The post-Eocene development of the Tethys
and Peri-Tethys realms was characterised by an
overall increasing regional di¡erentiation in basin
development and depositional setting. Initially,
rifting on the West European Platform continued
into the Oligocene, but major rifting had come to

an end in part of the region between 32 and 30
Ma ago. At about the same time, the Alpine Mo-
lasse Basin opened and back-arc extension began
in the Western Mediterranean (e.g., Jolivet and
Facenna, 2000 and references therein). Later,
but still within the Oligocene (about 27 Ma
ago), rifting and subsequent foundering resulted
in the origin of the Valencia Trough and in the
collapse of the Gulf of Lions (Hippolyte et al.,
1993; Roca, 2001). This is evidenced by the oc-
currence of (poorly dated) continental red beds
below marine carbonates of Early Miocene (Aqui-
tanian) age, which demonstrate that marine con-
ditions had become ¢rmly established in these
westernmost domains at about the Oligocene^
Miocene transition (24 Ma). This main incursion
is probably related to the anticlockwise rotation
of the Corsica^Sardinia block. In the Alpine Mo-
lasse Basin an intra-Late Oligocene (‘mid-Chat-
tian’) tectonics-related break in deposition oc-
curred (Schlunegger et al., 1996) at about 27 Ma
ago corresponding to the re-introduction of saline
sedimentary conditions in the Rhine Graben after
an early Chattian episode of deposition of fresh-
water beds (Reichenbacher, 2000). Likewise re-
lated to tectonics, the northern part of the Rho“ne
Graben (Bresse Graben) was uplifted at about the
same time (Sissingh, 1998, 2001). In the West
European and Western Mediterranean domains
these Chattian processes were followed by the
establishment of a saline corridor between the
North Sea Basin and the Western Mediterranean
Basin (Reichenbacher, 2000) and the establish-
ment of (shallow) marine depositional environ-
ments in the Valencia Trough (Torres et al.,
1993). Also in Aquitanian time, rifting in the
Rho“ne Graben ended (Sissingh, 2001). By the
end of the Aquitanian, the West Alpine Molasse
Basin was closed in response to regional uplift.
Contemporaneously, the central and northern
parts of the Rho“ne Graben were subjected to up-
lift. Further to the south, the ‘Upper Rho“ne Gra-
ben’ opened, coeval with the inception of ocean-
isation of the Western Mediterranean (Algero-
ProvencSal Basin) and with the initiation of the
main rifting phase of the Valencia trough (Sis-
singh, 2001) at about the Aquitanian^Burdigalian
transition, 20 Ma ago. The beginning of ocean-
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isation of the Western Mediterranean was ap-
proximately coeval with the main phase of rota-
tion of the Corsica^Sardinia block (Se¤ranne,
1999; Edel et al., 2001). In the Alpine Foreland
domain this event was contemporaneous with the
uplift of the Rhenish Massif and the Massif Cen-
tral and the initiation of deposition of £uvial clas-
tics on top of the calcareous Aquitanian strata in
the Limagne Graben, the largest basin of the
Massif Central (Sissingh, 2001). Widespread and
transgressive marine £ooding occurred contempo-
raneously in the North Alpine Molasse Basin and
the southernmost Rho“ne Graben. The increased
uplift of the Rhenish Massif induced the regres-
sive deposition of lignite-bearing coastal lowland
beds in the Lower Rhine Embayment.
In the Eastern Alpine^Carpathian domains

straddling the Tethys^Peri-Tethys transition, the
depocentre started to migrate eastward around
27 Ma ago (Meulenkamp et al., 1996). This in-
ception of lateral foredeep depocentre migration
was superimposed upon the accelerated internal^
external shift of basin axes towards the European
platform since the Eocene^Oligocene transition.
This occurred concomitantly with a pronounced
change in the external basins from a predomi-
nance of deposition of ¢ne-grained sediments in
often anoxic environments in the Early Oligocene
(Rupelian) towards the accumulation of predom-
inantly coarser-grained terrigenous clastics in the
Late Oligocene (transition Kiscellian^Egerian in
terms of regional Paratethys stages; Fig. 1).
From about 30^27 Ma until about 20^19 Ma
ago, the foredeep depocentres had shifted along-
arc over a (present-day) distance of approximately
500 km from the transition Western^Eastern Alps
towards the transition zone between the Eastern
Alps and the Carpathians.
Further to the east, in the basins of the south-

ern parts of the East European Platform and
those straddling the Peri-Tethys^Tethys transition
zone in the Black Sea^Caucasus domain, anoxic
sediments were deposited after the terminal Eo-
cene event, about 34 Ma ago (inception of ‘Mai-
kopian stage’, Ershov et al., 1998, 1999). In the
deep basins anoxic conditions persisted through-
out (most of) the Early Miocene, while regressive
conditions developed on the platform after a

short-term transgression at the beginning of the
Miocene. The Oligocene to late Early Miocene
(34^20 Ma) basin rearrangements and changes
in overall sedimentation conditions along the
Peri-Tethys^Tethys transitional zone in the east
(Eastern Paratethys) seem to have been relatively
minor with respect to those in Western and Cen-
tral Europe (Meulenkamp et al., 2000a).
At least some of the major changes on the

Northern Peri-Tethys Platform and the bordering
transitional zone had unambiguous counterparts
on the Southern Peri-Tethys Platform, as illus-
trated by the timing of the origin of the incipient
Gulf of Aden^Red Sea^Gulf of Suez Rift System
in the course of the Oligocene and of the subse-
quent onset of separation between the African
and Arabian plates in the Early Miocene (see
also Garfunkel and Bartov, 1977; Evans, 1988;
Purser and Bosence, 1998 and references therein).
Initial rifting probably started around 30^27 Ma
ago and was accompanied by a major phase of
volcanic activity. Its sedimentary expression was
re£ected in the Gulf of Suez by the local accumu-
lation of continental, presumedly Late Oligocene
proto-rift red beds, which underlie a marine se-
quence of Early Miocene (Aquitanian and early
to middle Burdigalian, 24^18 Ma) synrift depos-
its, re£ecting both accelerated subsidence and
widening of the Gulf. Marine in£uence became
most pronounced around the Aquitanian^Burdi-
galian transition, 20 Ma ago, in association with a
shift from sandy towards predominantly clayey
sedimentation in shallow-water and deep-water
environments, respectively. This rift phase devel-
opment was terminated by the ‘Mid-Clysmic
event’ (Garfunkel and Bartov, 1977) in late(st)
Burdigalian time. Concomitantly with the incep-
tion of rifting and opening of the Gulf of Suez,
left-lateral displacements along the Dead Sea
transform fault started in the Late Oligocene to
Early Miocene.

3.3. Late(st) Early to early Middle Miocene

The tectonics-induced major changes in palaeo-
geography and sedimentation which had started
around the Oligocene^Miocene transition culmi-
nated in the course of the late Early Miocene
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and ultimately resulted in a fundamental reorgan-
isation around the Early^Middle Miocene transi-
tion. Around 16^15 Ma ago, principal rifting of
the European Cainozoic Rift System had come to
an end, resulting in the termination of marine-
in£uenced sedimentation in the Rhine Graben.
The termination is about coeval with a distinct
episode of volcanic activity on the West European
Platform (Kaiserstuhl volcanism, around 16 Ma
ago; Wagner, 1976, and unpublished data). In
the Alpine Foreland Basin, a discrete episode of
intra-Burdigalian tectonics induced the sudden
onset of widespread deposition of the Upper Ma-
rine Molasse, which had started to accumulate
around the Aquitanian^Burdigalian transition.
This open marine sedimentation in the Alpine
Foreland Basin ended in latest Early Miocene
(late Burdigalian) time, in response to continued
north-vergent thrusting, coupled with increased
rates of uplift of the evolving Alpine chain.
In the Western Mediterranean, the intra-Burdi-

galian tectonic events are related to distinct rifting
along the Iberian margin, an episode of wide-
spread volcanism, the (near) end of rifting in the
Sardinia Rift (Sowerbutts and Underhill, 1998)
and the Valencia Trough (Roca, 2001), and colli-
sion of the internal and external zones of the
Betics (Martin-Algarra et al., 1988). The anti-
clockwise rotation of the Corsica^Sardinia block
slowed down and ultimately came to a halt at 18^
17 Ma ago (Edel et al., 2001) or slightly later (16^
15 Ma ago, Chamot-Rooke et al., 1999). The end
of rotation was about coeval with the end of oce-
anisation of the Liguro-ProvencSal Basin (northern
Alge¤ro-ProvencSal Basin) and with the onset of
main rifting of the Alboran Sea, encompassed
by the incipient Betic^Maghrebian chain (Comas
et al., 1992; Chalouan et al., 1997, 2001).
The sedimentary strata of the Outer Carpathian

domains record the culmination of a long-term
trend of increasing accumulation and subsidence
rates in the foreland basins/foredeeps all along the
evolving Carpathian arc (Meulenkamp et al.,
1996). This trend was abruptly terminated in lat-
est Early Miocene (Karpatian, Fig. 1) time, and
followed by a sharp decrease in subsidence rates
around the Early^Middle Miocene transition (Ba-
denian), about 16 Ma ago, and the concomitant

inception of strongly accelerating rates of lateral,
eastward migration of the foredeep depocentre
until about 15 Ma ago. From this time on lateral
foredeep depocentre shifts turned towards the
southeast, parallel to the western margin of the
East European Platform, until about the Mid-
dle^Late Miocene transition, 10 Ma ago (transi-
tion Sarmatian^Pannonian, Fig. 1). The latest
Early Miocene to early Middle Miocene funda-
mental basin rearrangements in the Outer Carpa-
thians were contemporaneous with the onset of
the opening of the Vienna Basin and the Panno-
nian back-arc Basin System. Also the Peri-Tethys
and Peri-Tethys^Tethys transitional domains fur-
ther to the east (Eastern Paratethys) underwent a
principal change in latest Early to earliest Middle
Miocene time. For example, the widely distrib-
uted accumulation of Maykopian, often anoxic,
sequences, which began at the Eocene^Oligocene
transition, 34 Ma ago, and persisted throughout
the Early/Late Oligocene and Early Miocene,
stopped at the end of the Early Miocene (change
from pre-foreland or Maykopian to foreland
stage in the evolution of the North Caucasus Ba-
sin; Ershov et al., 1998, 1999). An accompany-
ing tectonics-controlled reorganisation (‘Styrian
phase’; see also Scherba, 1993) in latest Early to
earliest Middle Miocene time in the Eastern Para-
tethys was the emergence of the Greater Cauca-
sian archipelago.
Major changes of the Southern Peri-Tethys

Platform include the relatively short-term latest
Burdigalian to early Langhian marine transgres-
sion on the Arabian Platform, which had been
emerged since about the Eocene^Oligocene tran-
sition (Figs. 3^5). This ephemeral re-invasion of
the sea was contemporaneous with fundamental
tectonic and sedimentary changes in the Gulf of
Aden ^ Red Sea ^ Gulf of Suez Rift System as
expressed by the e¡ects of the northward progra-
dation of the opening of the Red Sea Basin and
by the impact of the Mid-Clysmic tectonic event
and subsequent tectonics-induced changes in the
Gulf of Suez, between about 17 and 15 Ma ago
(Garfunkel and Bartov, 1977; Montenat et al.,
1998). The Mid-Clysmic event represented a turn-
ing point in the geological history of the Suez rift
and is considered the prelude to enhanced intra-
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basinal di¡erentiation and increased isolation of
the Gulf from the Mediterranean, which, in turn,
resulted in the onset of the major phase of evap-
orite accumulation in the Gulf of Suez^Red Sea
domain around 14 Ma ago (Orszag-Sperber et al.,
1998). At about the Early^Middle Miocene tran-
sition, parts of the African Platform domain col-
lapsed, as evidenced by the shift from the deposi-
tion of shallow-water platform carbonates to
deep-water ¢ne-grained clastics on Malta/Gozo
and on the Iblean (Ragusa) Platform, southeast-
ern Sicily (e.g., Theodoridis, 1984).

3.4. Late Middle to Late Miocene

In the course of the late Middle and Late Mio-
cene, the overall uplift a¡ecting the western and
central domains of the Northern Peri-Tethys Plat-
form caused the ¢nal break-up of the sedimenta-
tion realm across Europe. The intramontane ba-
sins on the Iberian block had started to decrease
in size as compared to the early Middle Miocene
extent. The Rho“ne Graben and the Massif Cen-
tral became subject to general uplift (Sissingh,
1998, 2001) from about the Middle^Late Miocene
transition onward, while, concomitantly, sedimen-
tation virtually came to a stop in the peri-Alpine
Molasse Basin. The increasing late Middle to Late
Miocene continentalisation of Western Europe
(and, consequently, the resultant shift towards ex-
clusively £uvio-lacustrine environments in ‘resid-
ual’ basins) often prevents a precise dating of ma-
jor episodes of change. The processes of uplift
were particularly e¡ective around the Middle^
Late Miocene (Serravallian^Tortonian) transition
(around 11 Ma ago) and within the early Late
Miocene, around 8 Ma ago. At the latter time,
the Rhine river system changed from the ‘initial
Rhine’ towards the ‘early Rhine’ stage, contempo-
raneous with the inception of a major phase of
uplift of the Alps.
In Central Europe, i.e., in the Central Parate-

thys domain of the Carpathian^Pannonian arc^
back-arc system, the pronounced acceleration of
lateral migration of the foredeep depocentre in the
Outer Carpathians, which had started 17 Ma ago,
ended at about the Middle^Late Miocene transi-
tion (Meulenkamp et al., 1996). In the intra-arc

(Pannonian Basin) domains, latest Middle Mio-
cene (Sarmatian) local uplift was followed by a
short-term, early Late Miocene (early Pannonian,
Fig. 1) new episode of rifting (Lankreijer, 1998)
and was followed by post-rift thermal subsidence
(Horvath, 1993; Csontos and Horvath, 1995;
Meulenkamp et al., 1996) later in the Pannonian,
9^8 Ma ago. In terms of depositional environ-
ments, the processes a¡ecting the arc^back-arc
system in the early Late Miocene were accompa-
nied by the termination of marine/brackish in-
£uence in the larger part of the arc and back-
arc areas. In addition, the connections between
the Pannonian back-arc Basin and the fore-
land basins of the Outer Carpathians were inter-
rupted.
Major Late Miocene tectonic movements re-

lated to the ‘Attic orogenesis’ caused large-scale
palaeogeographic reorganisations in the Eastern
Paratethys around the Sarmatian^Maeotian tran-
sition at about 9 Ma ago (Fig. 1). The early Late
Miocene movements resulted, amongst others, in
the transformation of the Greater Caucasian do-
main into a mountain chain, which from then
onward served as a major provenance area of ter-
rigenous clastics, and in the origin of the present-
day contours of the post-rift Black Sea Depres-
sion (Robinson et al., 1996). Concomitantly, the
domain of the Dacic Basin (which hitherto be-
longed to the Central Paratethys) became incor-
porated in the realm of the Eastern Paratethys
(Fig. 6). The subsequent ephemeral marine ingres-
sions into the Eastern Paratethys, which probably
entered from the Mediterranean in Maeotian and
Pontian times, may have been related to an over-
all trend of regional subsidence rather than to a
eustatic rise in sea level.
Hardly any high-resolution stratigraphic data

are available on the Late Miocene evolution of
the Southern Peri-Tethys Platform and adjacent
areas. The timing of the termination of evaporite
accumulation in the Red Sea Basin in the course
of the Late Miocene and the presumedly associ-
ated causal(?) disrupture of marine connections
with the Mediterranean are not well-constrained
(Orszag-Sperber et al., 1998). In contrast, the
opening of the Dead Sea Basin and the concom-
itant deposition of evaporitic successions can be
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dated at about 8 Ma ago (Meulenkamp et al.,
2000b). In the western, North African part of
the Southern Peri-Tethys Platform, intra-Torto-
nian extensional tectonics (about 8 Ma ago) re-
sulted, for instance, in the opening of the Rifean
corridor, which connected the Mediterranean Sea
with the Atlantic Ocean (Bernini et al., 1994;
Krijgsman et al., 1999b).
The changes on the Southern and Northern

Peri-Tethys platforms and the adjacent Peri-Te-
thys^Tethys transitional domains during the early
Late Miocene had unambiguous, time-equivalent
counterparts in the circum-Tyrrhenian and Ae-
gean regions (Meulenkamp and Hilgen, 1986; Pa-
tacca et al., 1990). In the course of the early Late
Miocene, the evolving foreland basins of the
Apennines were subjected to the inception of lat-
eral, overall NNW^SSE-trending foredeep depo-
centre migration (Van der Meulen et al., 1998,
1999). This lateral migration was superimposed
upon sustained internal^external depocentre mi-
grations which had started in the Oligocene. It
had become well-established around 8 Ma ago,
coupled with the opening of the Tyrrhenian
back-arc Basin and its (present-day onland)
equivalent, the Tuscan Basin (Duermeijer et al.,
1998; Van der Meulen, 1999). Simultaneously, the
Aegean domain was subject to the inception of a
major phase of arc migration of the external Hel-
lenides and of overall subsidence in the South
Aegean back-arc Basin (Meulenkamp et al.,
1988, 1994).

3.5. Pliocene^Pleistocene

The overall uplift of Western and Central Eu-
rope continued in Pliocene^Pleistocene times. Be-
cause of the further reduction of depositional
areas relative to the Late Miocene and the non-
marine, clastic nature of associated deposits, it is
di⁄cult to infer and date the temporal sequence
of events, which controlled the ¢nal stage of con-
tinentalisation of the European domains. How-
ever, di¡erential tectonic movements did a¡ect
Western Europe, as evidenced by the onset of a
second phase of rifting of the Rhine Graben from
around 4^3 Ma ago (Early^Middle Pliocene tran-
sition) onwards, which resulted in the origin of

the present-day Rhine river system (Villinger,
1998). In Central Europe sedimentation in the
back-arc regions became mainly con¢ned to local
accumulations of coarse clastics ; foredeep sedi-
mentation and major folding and thrusting had
also come to a close in the southeastern part of
the Carpathian arc in the Middle to Late Plio-
cene. In contrast, new basin con¢gurations and
subsidence regimes developed in the Eastern Para-
tethys after a major phase of late Early Pliocene
tectonics. The result was the enhanced uplift of
the Greater Caucasian domain, in association
with strongly increased rates of molasse foredeep
sedimentation, and in the origin of the vast,
NNW^SSE-trending Akchagylian Basin (Fig. 7)
at the beginning of the Middle Pliocene, around
3.5 Ma ago. To the north, the basin extended far
beyond the limits of the Late Miocene to Early
Pliocene basins, documenting subsidence of large
parts of the Eastern Paratethys in the Middle and
Late Pliocene.
The major changes straddling the Early^Middle

Pliocene boundary in the eastern parts of the
Northern Peri-Tethys Platform (Eastern Parate-
thys) were coeval with an episode of major change
in the Mediterranean, e.g., in the Hellenic and
Tyrrhenian arc^back-arc systems. In the Aegean
region, a late Early Pliocene (around 4 Ma) phase
of thrusting (Sorel, 1976; Meulenkamp and Hil-
gen, 1986; Underhill, 1989) occurred in the exter-
nal Hellenides, correlative to the outbreak of
back-arc volcanism; these processes were followed
by a discrete episode of extension-controlled basin
rearrangements (Meulenkamp, 1985; Meulen-
kamp et al., 1994). The late Early to early Middle
Pliocene evolution of the circum-Tyrrhenian re-
gion was characterised by the onset of a new
phase of fore-arc lateral reorganisation in the
Southern Apennines, which coincided with an ep-
isode of southeastward migration of the locus of
maximum extension in the Tyrrhenian Basin and
the onset of uplift of Tuscany (Van der Meulen,
1999) between 4.4 and 3.6 Ma ago. A next-youn-
ger reorganisation in the Central Mediterranean
domain, between 2.1 and 1.7 Ma ago, included
the renewed pulse in the migration of the locus
of maximum extension in the Tyrrhenian back-arc
Basin and a major tectonic pulse (around 1.8 Ma
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ago) in the southern Apennines (Duermeijer,
1999; Van der Meulen, 1999).
Events around the Plio^Pleistocene transition

and subsequent episodes of change seem to have
a¡ected various other domains of the collision
zone and the bordering platforms as well, but
our data are insu⁄cient to put unambiguous
constraints on their timing and regional distribu-
tion. Equally, no precise age assignments are
available pertaining to the evolution of the south-
ern platform in Pliocene^Pleistocene times, but
regressive trends and overall uplift prevailed all
over the platform from the Early Pliocene on-
wards, subsequent to the earliest Pliocene £ooding
which ended the Messinian salinity crisis in the
Mediterranean, 5.34 Ma ago (Krijgsman et al.,
1999a). The £ooding a¡ected the Nile canyon,
formed in Messinian time, as well as other mar-
ginal parts of the African Platform, but the Plio-
cene seas did not re-invade the Dead Sea Basin
after the short-term Late Miocene marine ingres-
sion.
Speci¢c problems arise with respect to the pre-

sumed latest Miocene to earliest Pliocene inter-
play between tectonics and eustacy-controlled
changes in the Mediterranean and surrounding
borderlands, when an episode of severed Atlan-
tic^Mediterranean connections resulted in the
Messinian salinity crisis (for a review, see Krijgs-
man et al., 1999a). This crisis was terminated by
the reinstallment of normal marine conditions
through the opening of the Strait of Gibraltar at
the very beginning of the Pliocene. As yet, the
impact of tectonics relative to eustacy remains
unclari¢ed, but it seems that the tectonic reorgan-
isations around the Messinian salinity crisis prop-
er were subordinate relative to the earlier and
later major, tectonically induced changes around
9^8 and 4^3 Ma ago, respectively.

4. Discussion

The evaluation of the tectonostratigraphic in-
terrelationships outlined in Section 3 makes it
possible to infer ¢ve episodes of major change
which simultaneously a¡ected large parts of the
convergent plate boundary zone and the border-

ing Northern and Southern Peri-Tethys platforms
during the last 40 million years.
The ¢rst of these episodes, ranging from 37 to

34 Ma ago, concluded a Late Cretaceous to Eo-
cene period of overall regressive trends on the
platforms and of a series of (early) Alpine tectonic
‘pulses’ in the evolution of the fold and thrust
belts developing along the convergent plate
boundary zone. The resulting development of a
fairly continuous system of incipient Alpine
chains all along the margins of the Northern
Peri-Tethys Platform by the end of the Eocene
(34 Ma) and the concomitant uplift of large parts
of the Northern and Southern Peri-Tethys plat-
forms may be considered the palaeogeographic
expression of the major geodynamic change at
the Eocene^Oligocene transition, which initiated
the transformation of the Tethyan domains into
a land-locked con¢guration (Jolivet and Facenna,
2000). The inception of major rifting on the West
European Platform during the Late Eocene was
probably somehow related to the stronger cou-
pling of the African/Apulian and Eurasian plates
assembly in the west relative to the coupling ef-
fects of initial collision in the east.
The second episode of major change, between

30 and 27 Ma ago, was characterised by the be-
ginning of a pronounced regional di¡erentiation
between the palaeogeographic and tectonostrati-
graphic evolution of the Peri-Tethys platforms
and of the intermediate Tethys domains. This be-
ginning di¡erentiation was related to the onset of
widespread extension in the Mediterranean realm
(Jolivet and Facenna, 2000). The Early Oligocene
time interval of about four million years between
the end of the ¢rst (34 Ma) and the beginning of
the second (30 Ma) episode of major change
might constrain the time lag hypothesised by Jo-
livet and Facenna (2000) between the (geodynam-
ic) onset of large-scale extension and its expres-
sion in the geological record. This expression
included the inception of Late Oligocene to Early
Miocene rifting and subsequent oceanisation in
the west (Western Mediterranean), as well as the
contemporaneous development of the Gulf of
Aden^Red Sea^Gulf of Suez Rift System in the
east, associated with the anticlockwise rotation of
the Arabian block (Le Pichon and Gaulier, 1988).
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In the Alpine^Carpathian domain of the African^
Eurasian convergence zone, the intra-Oligocene
(30^27 Ma) episode of major change was charac-
terised by the beginning of eastward-directed lat-
eral depocentre migration in the foreland basins.
The Late Oligocene to Early Miocene palaeogeo-
graphic changes and basin rearrangements in the
Western Mediterranean formed the response to
the inception of arc migration sensu Malinverno
and Ryan (1986), related to the onset of subduc-
tion roll-back about 30 Ma ago (Carminati et al.,
1998a,b; Wortel and Spakman, 2000). A similar
mechanism may account for the onset of lateral
foredeep depocentre migration in the Alpine^Car-
pathian region.
The third, late(st) Early Miocene to early Mid-

dle Miocene episode of major change lasted from
about 17 to 15 Ma ago. In the west, this episode
resulted in regional uplift of the West European
Platform and adjacent parts of the Peri-Tethys^
Tethys transitional zone and was associated with
the end of principal rifting of the Rhine Graben.
At about the same time, the anticlockwise rota-
tion of the Sardinia^Corsica block and the ocean-
isation of the Liguro-ProvencSal Basin came to a
halt, which marks the end of a discrete phase in
the geodynamic evolution of the Western Medi-
terranean (Carminati et al., 1998a,b; Wortel and
Spakman, 2000). The palaeogeographic and tecto-
nostratigraphic changes in Central Europe around
the Early^Middle Miocene transition included the
pronounced acceleration of lateral foredeep depo-
centre migration in the Outer Carpathians and the
coeval opening of the Pannonian back-arc Basin
System. These features are thought to re£ect the
onset of lateral migration of slab detachment in
the Carpathian region (Wortel and Spakman,
2000). The contemporaneous emergence of the
Greater Caucasian archipelago and the end of de-
position of Maikopian facies in the adjacent fore-
land basin may be related to the inception of the
main phase of collision along the Caucasian part
of the convergent plate boundary zone (Ershov
et al., 1998, 1999 and references therein). The ma-
jor, tectonics-induced basin reorganisations and
changes in sedimentation in the Gulf of Aden^
Red Sea^Gulf of Suez Rift System in latest Early
to early Middle Miocene time may, at least in

part, be related to the about four-fold increase
in the rate of (anticlockwise) rotation of the Ara-
bian block (Le Pichon and Gaulier, 1988), which
corresponds in time to the onset of deposition of
the Kareem-Belayim evaporitic sequence, dated at
15 Ma ago (Evans, 1988 and own, unpublished
data).
The fourth episode of major change occurred in

the early Late Miocene, around 9^8 Ma ago. Its
resultant modi¢cations included enhanced uplift
and emergence of large parts of Western and Cen-
tral Europe in association with the end of (basi-
nal) sedimentation in the northern Alpine fore-
land, the end of lateral foredeep depocentre
migration in the Outer Carpathians and the ap-
proximately concomitant inception of post-rift
thermal subsidence in the Pannonian Basin. In
the east, a new phase of basin development af-
fected the domain of the Caucasus (Sarmatian^
Maeotian transition, about 9 Ma ago, Ershov et
al., 1998), as part of an overall reorganisation of
the East European domains and of the area strad-
dling the Peri-Tethys^Tethys transition in the
Northern Aegean. Major developments in the
Mediterranean included the inception of lateral,
N^S depocentre migration along the evolving
Apennines and the opening of the Tyrrhenian
back-arc Basin in response to the beginning of
lateral migration of slab detachment in the region
of the Apennines^Calabrian arc, 9^8 Ma ago
(Van der Meulen et al., 1998; Van der Meulen,
1999; Wortel and Spakman, 2000). The beginning
or acceleration of arc migration in the Southern
Aegean region was related to a correlative phase
of roll-back at the Hellenic subduction zone. A
comparison between the Carpathian^Pannonian
and circum-Tyrrhenian regions suggests a time
lag of about eight million years between the in-
ception of lateral migration of slab detachment in
the respective domains (17^16 versus 9^8 Ma
ago).
The palaeogeographic and tectonostratigraphic

features which characterise the ¢fth episode of
major change (4^3 Ma ago) included in the Med-
iterranean the beginning of a new (slab detach-
ment-related) phase of arc migration in the Ae-
gean and Tyrrhenian regions (Ten Veen, 1998;
Van der Meulen, 1999). In general, the latest
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Early to early Middle Pliocene episode of change
was marked by the onset of widespread, di¡eren-
tial vertical movements of the fragmented Peri-
Tethys platforms and the intermediate domains
of the African^Eurasian collision zone. These
movements ultimately resulted in today’s geo-
graphic and topographic features. Relatively sig-
ni¢cant, regional changes on the West European
Platform included the beginning of renewed rift-
ing of the Rhine Graben, following a period of
about 10 million years when extension in this ba-
sin played a minor role, if any. Uplift predomi-
nated in Central Europe and sedimentation in the
Carpathian^Pannonian region became con¢ned to
the local accumulation of continental clastics. In
contrast, farther to the east major changes around
4^3 Ma ago resulted in new basin con¢gurations
and uplift/subsidence regimes, as seen by the en-
hanced uplift of the Greater Caucasus chain and
the development of the N^S-trending Akchagylian
Basin subsequent to major late Early Pliocene tec-
tonics.

5. Conclusions

The Tertiary palaeogeographic and palaeoenvi-
ronmental evolution of the Northern and South-
ern Peri-Tethys platforms and the domains of the
African^Eurasian convergent plate boundary
zone was de¢ned to a large extent by a sequence
of contemporaneous tectonic events. In combina-
tion, these events resulted in ¢ve episodes of ma-
jor change, which occurred in the Late Eocene
(37^34 Ma), the Late Oligocene (30^27 Ma), the
late(st) Early to early Middle Miocene (17^14
Ma), the Late Miocene (9^8 Ma) and the late
Early to early Middle Pliocene (4^3 Ma). These
episodes of contemporaneous change were super-
imposed upon overall W^E-directed trends of
time-progressive uplift and emergence of the
Northern Peri-Tethys Platform and the bordering
domains of the convergence zone. The Late Eo-
cene and Oligocene episodes of change can be
related to the transformation of the convergence
zone into a land-locked con¢guration and to the
subsequent inception of large-scale extension.
Some of the features of the Oligocene to Pliocene

episodes of overall major change can be related to
discrete stages in the regional geodynamic evolu-
tion of parts of the convergence zone, controlled
by subduction roll-back and slab detachment.
However, such temporal and regional relation-
ships do not account for the contemporaneity of
the episodes of major change along the entire con-
vergence zone and the bordering platforms.
Therefore, it is tentatively concluded that this
contemporaneity can only be understood in terms
of the coeval response to geodynamic events at
the scale of the African and Eurasian plates.
Such events may have ‘triggered’ the inception
or termination of successive development stages
in the regional evolution of domains in di¡erent
geodynamic settings. This corroborates the con-
clusion by Jolivet and Facenna (2000) with re-
spect to a common cause underlying the onset
of large-scale Oligocene extension, related by the
latter authors to changes in plate motion veloc-
ities.
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