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Abstract

We present the results of a thermo-mechanical modelling study carried out to investigate the effect of pre-rift rheology on

subsequent basin (de)formation in the Black Sea area. Important differences are inferred for the bulk lithosphere structure and

mechanical properties, expressed in terms of different estimates for levels of necking in the western and eastern Black Sea,

respectively. Gravity data provide constraints on the mode of flexure in the Black Sea, pointing to significant lateral variations in

pre-rift lithospheric strength. These features strongly affect predictions for Mesozoic–Cenozoic Basin stratigraphy and have

implications for the presence and development of rift shoulder topography on the margins of the Black Sea Basins. Differences in

lithosphere strength affect the mode of stress propagation from the basin margins into the central parts of the Black Sea Basins

during the post-rift phase. These post-rift compressional stresses could be of key importance for long-wavelength Late Neogene

differential motions within the basins, superimposed on vertical motions induced by rifting and subsequent sediment loading.

Thermo-mechanical modelling of integrated lithospheric strength points to a rapid increase of strength during the later stages of

post-rift evolution and the presence of relatively strong lithosphere in the centre of the basin. These features predict preferential

shortening induced by compressional activity of surrounding orogens to be primarily accommodated at the basins’ margins.
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1. Introduction

The Mesozoic–Cenozoic evolution of the Black

Sea, reviewed in a number of key papers (Zonenshain

and Le Pichon, 1986; Dercourt et al., 1986; Finetti et

al., 1988; Okay et al., 1994; Jones and Simmons, 1997;

Robinson et al., 1995; Robinson, 1997; Banks and

Robinson, 1997; Spadini et al., 1997; Nikishin et al.,

1998, 2001) has been generally interpreted in terms of

Late Cretaceous–Eocene back-arc extension. The

exact timing and kinematics of opening of the west

and east Black Sea Basins is the subject of ongoing

debates (e.g. Nikishin et al., 2001; Robinson et al.,

1995). This applies in particular to the exact timing of

the opening of the eastern Black Sea where different

interpretations have been put forward varying from

Middle to Late Cretaceous opening (Finetti et al., 1988)

to Paleocene opening (Robinson et al., 1995).
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In this study, we present the results of thermo-

mechanical modelling of the Black Sea Basin carried

out for a number of cross-sections through the western

Black Sea and eastern Black Sea, respectively (Fig.

1). The modelling is constrained by a large integrated

geological and geophysical data base (see Spadini,

1996; Spadini et al., 1996, 1997), supporting the

interpretation of Robinson et al. (1995) for a Paleo-

cene opening of the eastern Black Sea. This timing for

the eastern Black Sea is partly based on the presence

of a regional unconformity separating Maastrichtian

and Eocene deposits in the eastern Black Sea and

which is interpreted as the result of rift shoulder uplift.

It should be noted that the same unconformity is

interpreted by Nikishin et al. (2003) in terms of Late

Cretaceous compressional tectonics along the south-

ern margin of Eastern Europe. On this basis, these

authors favour a simultaneous Cenomanian–Conia-

cian opening of the western and eastern Black Sea.

Gravity data demonstrate an important difference in

the mode of flexural compensation between the west-

ern and eastern Black Sea (Spadini et al., 1997). The

western Black Sea appears to be isostatically under-

compensated and in a state of upward flexure, con-

sistent with a deep level of necking. In contrast, the

eastern Black Sea gravity data and their comparison

with models point to an isostatic overcompensation

and downward state of flexure, compatible with a

shallow level of necking (Fig. 2). These differences in

necking depth reflect differences in pre-rift mechan-

ical properties of the lithosphere underlying the west-

ern and eastern Black Sea Basins (see Spadini et al.,

1996; Cloetingh et al., 1995b for reviews). Below, we

discuss the importance of pre-rift finite strength for

basin geometries in extending lithosphere. This is

followed by a discussion of the effects of differences

in pre-rift rheology on Mesozoic–Cenozoic Basin

stratigraphy. These findings raise important questions

Fig. 1. Location map of modelled profiles in western and eastern Black Sea.
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on post-rift tectonics, intraplate stress transmission

into the Black Sea Basin from its margins and on

the development of rift shoulders in the area.

2. Rheology and basin formation

Bulk rheological models of the lithosphere (Carter

and Tsenn, 1987; Ranalli and Murphy, 1987; Kohlstedt

et al., 1995), employing the concept of strength enve-

lopes are based on extrapolation of rock mechanics

data, combined with assumptions on petrological strat-

ification and incorporating constraints from thermal

modelling. These models have provided a useful, first-

order framework for the analysis of the variations in

mechanical structure of the lithosphere (Burov and

Diament, 1995; Cloetingh and Burov, 1996). Spatial

variations in strength distribution occur on a plate-wide

scale, largely related to changes in crustal thickness and

thermo–tectonic age (Cloetingh and Burov, 1996).

The importance of the role of pre-rift rheology in

extensional basin formation has become evident from a

systematic study of a large number of Alpine/Medi-

terranean Basins and intracratonic rifts (Cloetingh et

al., 1995a,b). At the onset of rifting, the rheological

structure of the lithosphere controls the location, struc-

tural style and width of the evolving rift systems, as

well as the necking depth of the lithosphere (Cloetingh

et al., 1995b). The incorporation of the mechanical

strength of the lithosphere in extensional basin model-

ling is an important ingredient in these large-scale

modelling studies (Braun, 1992; Beekman et al.,

2000; Van Wees and Beekman, 2000; Huismans et

al., 2001). The integration with the modelling of tilted

fault blocks has also demonstrated its key importance

for models targeting on subbasin-scale problems (Ter

Voorde and Cloetingh, 1996).

Inferred differences in the mode of basin formation

between the western and eastern Black Sea Basins can

be expressed in terms of paleo-rheologies (see Fig. 3),

pointing to a pre-rift strength in the western Black Sea

primarily controlled by the combined mechanical

response of a strong upper crust and strong upper

mantle. The shallow level of necking in the eastern

Black Sea is compatible with a pre-rift strength con-

trolled by a strong upper crust decoupled from a weak,

hot underlying mantle. These differences point to

important differences in the thermo–tectonic age of

Fig. 2. Results of gravity modelling for eastern Black Sea, demonstrating an isostatic flexural overcompensation in the centre of the basin. See

Fig. 1 for location of line C–CV.
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the lithosphere in the two subbasins (Cloetingh and

Burov, 1996). The inferred lateral variations between

the western and eastern Black Sea suggests thermal

stabilization of the western Black Sea prior to rifting. In

contrast, the eastern Black Sea was already a basin by

the time of rift initiation, with a previously thinned

crust.

3. Large-scale basin stratigraphy

The inferred lateral variations in pre-rift mechan-

ical properties have important consequences for basin

stratigraphy. This does not only affect the develop-

ment of syn-rift shoulders (see the discussion in

Cloetingh et al., 1995b), but also the interplay of rift

shoulder development and subsequent erosion during

the post-rift stage (Van Balen et al., 1995; Burov and

Cloetingh, 1997). These processes could lead to

strong deviations in thinning factors for lithosphere

extension and tectonic subsidence patterns inferred

from predictions of classical stretching models

(McKenzie, 1978), ignoring the presence of pre-rift

strength in extending lithosphere. At the same time,

they have been shown to be able to generate post-rift

unconformities, primarily controlled by rift shoulder

erosion dynamics. A key aspect in this dynamic link

between rift shoulder uplift and basin subsidence

appears to be the amount of mechanical decoupling

between the upper crust and upper mantle segments of

the extending lithosphere (Ter Voorde et al., 1998).

Figs. 4 and 5 show observed and modelled stratig-

raphies along the two selected profiles in the western

and eastern Black Sea, respectively. Fig. 6 illustrates

the evolution of basin subsidence and water-loaded

tectonic subsidence (Steckler and Watts, 1978; Bond

and Kominz, 1984) in time, calculated for both the

Odin (1994) and Harland et al. (1990) time scales.

Subsidence curves are displayed for locations at the

centre and the basin margin of western and eastern

Black Sea, respectively. The western Black Sea began

rifting in the Late Barremian and by the Cenomanian

was a deep marine basin with oceanic crust and limited

syn-rift sediments towards the basin centre. The deep

basin persisted until the Sarmatian sea level fall, which

reduced the basin to a relatively small lake up to around

800m in the centre. The eastern Black Sea began rifting

in the Late Paleogene and subsided rapidly with little

rift flank uplift or erosion to form a deep marine basin.

During the Late Eocene, an increase in sediment supply

from compressional belts to the Pontides or possibly

Greater Caucacus led to the deposition of a thick upper

Eocene sequence. The eastern Black Sea remained a

deep basin until the Sarmatian, and subsequently was

converted into a lake during the Sarmatian. As sea level

returned to normal in the Late Miocene, water depth

increased dramatically to 2800 m in both western and

eastern Black Sea Basins due to the loading effect of the

water. By the Quaternary, increased sediment supply

led to significant subsidence and sediment accumula-

tion, with a modest decrease of water depth to the

present-day value of 2200 m.

Overall uplift of the margins of the Black Sea

commenced at Middle Miocene times (Nikishin et al.,

2003). Differences occur between the reconstructions

of Nikishin et al. (2003) and Spadini et al. (1997) on the

maximum basin depth and paleobathymetry and sea

level change during basin formation time. Notwith-

standing these differences, the Pliocene–Quaternary

acceleration in subsidence (Spadini et al., 1997; Rob-

inson et al., 1995) appears to be a robust fracture

reconfirmed by Nikishin et al. (2003).

4. Rift shoulder dynamics, intraplate stresses and

strength evolution during the post-rift phase

4.1. Rift shoulder dynamics

The post-rift evolution of extensional basin is

governed by cooling and contraction of the litho-

sphere and its re-equilibration with the asthenosphere

(McKenzie, 1978).

Important questions to be resolved concern the rift

shoulder erosion and its effect on sediment supply to

the basin as well as the role of stresses during the

Fig. 3. Crustal scale models for extensional basin formation for the western and eastern Black Sea. See Fig. 1 for location of cross sections. A

comparison of predicted and observed Moho depths provides constraints on levels of necking and thermal regime of pre-rift lithosphere. The

models support the presence of cold pre-rift lithosphere compatible with a deep level of necking of 25 km in the western Black Sea. In the

eastern Black Sea, the models suggest the presence of a warm pre-rift lithosphere with a level of necking of 15 km.
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Fig. 4. Observed first-order geometries for basement configuration and sediment infill, characteristic for western and eastern Black Sea.

Numbers refer to stratigraphic ages (Ma). Note the substantial thickness of Quaternary sediment infill. See text for further discussion. See Fig. 1

for location of sections A–AVand C–CV.

Fig. 5. Modelled stratigraphies and basement topography for profiles shown in Fig. 4 in western and eastern Black Sea. Adopted levels of

necking, constrained by gravity modelling, are 25 and 15 km for western and eastern Black Sea, respectively.

S. Cloetingh et al. / Sedimentary Geology 156 (2003) 169–184174



post-rift phase. In the last few years (see e.g.

Cloetingh et al., 1993, 1995a, 1997; Gabrielsen and

Strandenes, 1994), basin modelling is shifting its

scope from an initial focus on subsidence and

geometry of accommodation space into the model-

ling of the feedback of the processes of sedimenta-

tion and erosion (e.g. Burov and Cloetingh, 1997;

Cloetingh et al., 1997). This development creates the

need for better constraints on the evolution of top-

ography in space and time. In modelling extensional

basins, the reconstruction of rift shoulder topography

(Van der Beek et al., 1994) through fission track data

(Rohrmann et al., 1995) and exposure dating is

becoming increasingly common. The results of these

studies are becoming capable of quantifying the

simultaneous occurrence of various climatic and

tectonic processes during the evolution of the flanks

of rifted margins. The modelling of near-surface

processes is also suggesting a close feedback with

deep crustal flow (Burov and Cloetingh, 1997),

affecting concepts on the tectonic control on

sequence boundaries related to uplift history (Van

Balen et al., 1995).

The inferred differences in necking level and in

the timing of rifting between the western and east-

ern Black Sea suggests an earlier and more pro-

nounced development of rift shoulders in the

western Black Sea Basin in comparison with the

eastern Black Sea.

4.2. Intraplate stresses

It is now recognized that intraplate domains are

characterized by a far more dynamic history than

hitherto assumed, affecting tectonic geomorphology

and recognizable in shallow seismics in areas such as

the Pannonian Basin and the North Sea Basin

(Horvath and Cloetingh, 1996; Van Wees and Cloe-

tingh, 1996). Constraints on present-day stress

regime are absent for the central part of Black Sea

Basin. Structural geological field studies (see review

by Nikishin et al., 2001) and GPS data (Reilinger et

al., 1997) demonstrate that in the collisional setting

of the European and Arabian plate compression

continues. Closer monitoring and modelling of fluxes

in conjunction with more focus on the neotectonics

of Black Sea Basins is obviously a must. Field

studies of kinematic indicators and numerical mod-

elling of present-day and paleo-stress fields in

selected areas (e.g. Gölke and Coblentz, 1996; Bada

et al., 1998, 2001) have yielded new constraints on

the causes and expressions of intraplate stress fields

in the lithosphere. Ziegler et al. (1998) have dis-

cussed the key role of mechanical controls on

collision related compressional intraplate deforma-

tion. These authors discuss the build-up of intraplate

stresses in relation to the mechanical coupling of an

orogenic wedge to its fore- and hinterland as well as

the implications to the understanding of a number of

first-order features in crustal and lithospheric defor-

mation.

Temporal and spatial variations in the level and

magnitude of these stresses have a strong impact on

the record of vertical motions in sedimentary basins

(Cloetingh et al., 1985, 1990; Cloetingh and Kooi,

1992; Zoback et al., 1993; Van Balen et al., 1998).

Propagation of stresses from the basin margins into

the interior part of the Black Sea Basin could not

only have a strong effect on the stratigraphic record,

but also for stresses with a level close to lithospheric

strength generate a component of folding-induced,

late-stage subsidence (Cloetingh et al., 1999), similar

to what has been recognized for the Pannonian Basin

and the North Sea Basin (Horvath and Cloetingh,

1996; Van Wees and Cloetingh, 1996). Over the last

few years, increasing attention has been directed into

this topic, advancing our understanding into the

relationships between plate motion changes, plate

interaction and the evolution of rifted basins (Janssen

et al., 1995; Dore et al., 1997) and foreland areas

Ziegler et al. (1995, 1998, 2001).

A continuous spectrum of stress-induced vertical

motions can be expected in the sedimentary record,

varying from the subtle effects of faulting (Ter Voorde

and Cloetingh, 1996; Ter Voorde et al., 1997) and

basin inversion (Brun and Nalpas, 1996; Ziegler et al.,

1998) to enhancement of flexural effects to litho-

sphere folds induced for high levels of stress

approaching lithospheric strengths (Stephenson and

Cloetingh, 1991; Nikishin et al., 1993; Burov et al.,

1993; Cloetingh and Burov, 1996; Bonnet et al., 1998;

Cloetingh et al., 1999).

Crustal and lithospheric folding can be an impor-

tant mode of basin formation in plates involved in

continental collision (Cobbold et al., 1993; Ziegler et

al., 1995, 1998; Cloetingh et al., 1999). Numerical
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Fig. 6. Results of backstripping analysis for positions at margins and centre of western and eastern Black Sea, respectively. Top panels show palaeo water depth (PWD), bottom panels

show basement subsidence (BS) and water-loaded tectonic subsidence (WLTS). Each curve is calculated for two different time scales (Odin, 1994; Harland et al., 1990) to illustrate

sensitivity.
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models have been developed for the simulation of the

interplay of faulting and folding in intraplate compres-

sional deformation (Beekman et al., 1996; Gerbault et

al., 1998; Cloetingh et al., 1999). Models have also

been developed to investigate the effects of faulting

on stress-induced intraplate deformation in rifted

margin settings (Van Balen et al., 1998).

The collisional Caucasus orogeny commenced at

the end of the Eocene with a culmination during

Oligocene–Quaternary times (Nikishin et al., 2001).

The late Eocene accelerated subsidence of the Black

Sea Basin can be attributed to the build-up of a

regional compressional stress field (Robinson et al.,

1995).

The late Eocene–Quaternary Caucasus orogeny

overprinting back-arc extension in the Black Sea

was controlled by the collisional interaction with the

East European craton (Nikishin et al., 2001).

4.3. Lithospheric strength of the Black Sea Basin

Automated backstripping and comparison with

forward models of stretching (Van Wees et al.,

1998) allow to obtain estimates for the integrated

strength of the lithosphere for various stages of the

syn-rift and post-rift phase. The adopted model

parameters are listed in Tables 1 and 2.

Fig. 7 shows a comparison of observed and

forward-modelled tectonic subsidence for the western

Black Sea centre. Automated backstripping yields an

estimate for stretching factor beta of 6. The modelling

fails to predict a pronounced acceleration of late

Neogene subsidence, documented in the stratigraphic

record, which could be an indication of late-stage

compression. The post-rift cooling leads to a signifi-

cant increase in the predicted integrated strength with

time. Based on this, post-rift deformation will be

favoured during early post-rift time. Present-day

lithospheric strength profiles calculated for the centre

and margin of eastern Black Sea show a pronounced

difference. The presence of relatively strong litho-

sphere in the basin centre will enhance late-stage

compressional shortening induced by orogenic activ-

ity in the areas adjacent to the Black Sea to be

initially accommodated preferentially at the basin

margins.

Fig. 8 displays the comparison between observed

tectonic subsidence and forward-modelled tectonic

subsidence for the centre of the eastern Black Sea,

adopting a stretching factor of 2.3 compatible with

the subsidence data, and consistent with geophysical

constraints. During the first 10 million years of post-

rift evolution, integrated strengths are low, followed

by a rapid increase induced by post-rift cooling.

Based on the presence of very weak lithosphere in

the eastern Black Sea in the first 10 million years

after rifting, we expect that such an early post-rift

deformation controlled primarily by the mechanical

properties of the upper lithosphere inherited from the

rifting phase could be preferentially developed in that

area. It should be noted that the rapid increase of the

integrated lithospheric strength with post-rift cooling

requires increasingly higher stress levels with time to

induce noticeable large-scale deformation (see Fig.

8). What is also important in this context is that due

to the substantial amount of crustal thinning, a strong

Table 1

Model parameters used to calculate the tectonic subsidence in the

rheological models

Symbol Model parameter Value

A initial lithosphere thickness 120 km (WB), 80 km (EB)

C initial crustal thickness 35 km

Tm asthenospheric temperature 1333 jC
K thermal diffusivity 1�10� 6 m2 s� 1

qc surface crustal density 2800 kg m� 3

qm surface mantle density 3400 kg m� 3

qw water density 1030 kg m� 3

a thermal expansion coefficient 3.2� 10� 5 K� 1

b crustal stretching factor 6 (WB), 2.3 (EB)

d subcrustal stretching factor 6 (WB), 2.3 (EB)

The (EB) and (WB) refer to eastern and western Black Sea,

respectively.

Table 2

Default rheological and thermal properties of crust and lithosphere

Layer Rheology Conductivity

(W m� 1 K� 1)

Heat production

(AW m� 3)

Sediments quartzite (d) 1.5 0.5

Upper crust quartzite (d) 2.9 2

Lower crust diorite (w) 2.9 0.5

Upper mantle olivine (d) 2.9 0

The (d) and (w) refer respectively to dry or wet rock samples that

contain little or variable amounts of structural water. For more

details on the rheological rock properties see Van Wees and

Beekman (2000).
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upper mantle layer is present in the central part of the

basin at relatively shallow depths.

4.4. Neotectonic reactivation of the Black Sea Basin

Based on the present thermo-mechanical configu-

ration (see Fig. 8) with relatively strong lithosphere in

the basin centre and relatively weak lithosphere at the

basin margins, we predict that a substantial amount of

late-stage shortening induced by orogenic activity in

the surrounding areas will be taken up by the basin

margins, with only minor deformation in the relatively

stiff centre part of the basin. The relative difference in

rheological strength in the eastern Black Sea is much

more pronounced than in the western Black Sea.

These predictions have to be validated by new data

focusing on neotectonics of the Black Sea. High-

resolution shallow seismics and acquisition of stress-

indicator data could provide the necessary constraints

for such future modelling.

Fig. 9 gives predictions for basement and surface

heat flow in the eastern and western Black Sea and

shows markedly different patterns in timing of heat

flow maximum, close to the timing of initial rifting.

The predictions for present-day heat flow in the

western Black Sea are considerably lower than in

the eastern Black Sea, as a consequence of the

stronger attenuation of the crust which has resulted

in removal of more heat producing material in the

crust in the western Black Sea compared to the eastern

Black Sea. In the modelling of heat flow, the effects of

sedimentary blanketing have been taken into account

(Van Wees and Beekman, 2000). Present-day heat

flow in the Black Sea Basin is strongly affected by

the blanketing effect from such sedimentary succes-

sions. Heat flow values vary between 30 mW/m2 in

the centre of the basins and 70 mW/m2 in the Crimea

and Caucasus margins of the basin (Nikishin et al.,

2003). Note the pronounced effect of thermal blanket-

ing in the western Black Sea in conjunction with

major sediment infill. As a result, the present-day

integrated strength is not that much higher as the

initial strength. In contrast, the integrated strength of

the eastern Black Sea is much higher than the initial

strength. The blanketing effect is less pronounced due

to less sediment deposition and larger water depths.

Fig. 10 shows a comparison of theoretical predic-

tions for lithosphere folding in rheologically coupled

and decoupled lithosphere, as a function of thermo-

mechanical age with estimates of folding wavelengths

documented in continental lithosphere for various

representative areas on the globe (see Cloetingh et

al., 1999). The western Black Sea centre is marked by

a thermo-mechanical age of 100 Ma. The rheological

modelling demonstrates mechanical decoupling of

mantle and crustal lithosphere (see Fig. 7). These

models imply an effective elastic thickness (EET) of

at least 40 km (Burov and Diament, 1995), which

results in folding with wavelengths of around 100–

200 km for mantle and 50–100 km for upper crust

(Cloetingh et al., 1999). In the eastern Black Sea, with

a significantly younger thermo-mechanical age of 55

Ma, implying an EET of no more than 25 km indicates

a mantle-folding wavelength of ca. 100–150 km. The

crustal folding wavelength is similar as in the western

Black Sea. A comparison of the estimates of folding

wavelengths with the theoretical predictions shows a

systematic deviation of the wavelengths to larger

values. This is characteristic for ‘‘atypical’’ folding

where the geometry of the preexisting rift basin with

its large dimension has a pronounced effect on widen-

ing the wavelength of the compressional stress-

induced down warp during the late-stage post-rift

phase (Cloetingh et al., 1999). A similar behaviour

has been recognized for the North Sea Basin (Van

Wees and Cloetingh, 1996) and the Pannonian Basin

(Horvath and Cloetingh, 1996), both basins charac-

terized by large sediment loads and a wide rift basin

Fig. 7. A comparison of observed and forward-modelled tectonic subsidence for the western Black Sea centre. Automated backstripping yields

an estimate for stretching factor beta of 6 (top panel). A pronounced acceleration of late Neogene subsidence (see also Fig. 6) documented in the

stratigraphic record could be an indication of late-stage compression. Post-rift cooling leads to a significant increase in the predicted integrated

strength with time for both compressional and extensional regimes (middle panel; 1 TN/m= 1012 N/m). Present-day lithospheric compressional

strength profiles calculated for the centre and margin of western Black Sea show a pronounced difference with depth (bottom panels).

Temperature profiles (in jC) and Moho depth are given for reference. Note the important role of the actual position Moho in mechanical

decoupling of upper crust and mantle parts of the Black Sea lithosphere. The parameters used for the modelling of the tectonic subsidence and

for the rheological strength are listed in Tables 1 and 2, respectively.
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Fig. 8. Comparison of observed and forward-modelled tectonic subsidence for the eastern Black Sea centre. Automated backstripping yields an

estimate for stretching factor beta of 2.3 (upper panel). Post-rift cooling leads to a significant increase in the predicted integrated strength with

time for both compressional and extensional regimes (middle panel; 1 TN/m= 1012 N/m). Present-day lithospheric strength profiles calculated

for the centre and margin of eastern Black Sea show a pronounced difference with depth (bottom panels).

S. Cloetingh et al. / Sedimentary Geology 156 (2003) 169–184180



Fig. 9. Predictions for basement (Bsmt) and surface heat flow in the eastern (triangles) and western (squares) Black Sea show markedly different

patterns in timing of heat flow maximum, close to the timing of initial rifting. The predictions for present-day heat flow in the western Black Sea

are considerably lower than in the eastern Black Sea. See text for implications for difference in strength evolution between the western and

eastern Black Sea.

Fig. 10. Comparison of theoretical predictions for lithosphere folding in rheologically coupled and decoupled lithosphere, as a function of

thermo-mechanical age with estimates of folding wavelengths documented in continental lithosphere for various representative areas on the

globe (see Cloetingh et al., 1999). Comparison of the estimates of crustal and mantle folding wavelengths for the western Black Sea (WBS) and

eastern Black Sea (EBS) with the theoretical predictions shows a systematic deviation of the wavelengths to larger values, characteristic for

‘‘atypical’’ folding. See text for further discussion.
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geometry. The proposed mechanism for neotectonic

reactivation provides an alternative to previous

explanation for recent differential motions in the

northern Black Sea Basin (Smolyaninova et al.,

1996) interpreting the observed neotectonic activity

in terms of convective mantle flow under the Black

Sea. In view of the recent evidence for crustal short-

ening in the Black Sea region as a consequence of the

Arabian plate/Eurasia interaction (Reilinger et al.,

1997), an interpretation in terms of an enhanced Late

Neogene level of compressional stress appears to be

more likely.

According to our modelling, the eastern Black Sea

Basin is much weaker than the western Black Sea.

The eastern Black Sea is relatively stronger in the

centre than at the margins, compared to the western

Black Sea. The eastern Black Sea appears to be more

prone to lithospheric folding, whereas the western

Black Sea is more prone to stress transfer.
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