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GEOPHYSICAL INSIGHTS INTO THE STRUCTURE AND GEODYNAMIC
EVOLUTION OF THE SE CARPATHIANS AND RELATED FORELAND IN THE
CONTEXT OF THE BLACK SEA OPENING

The paper brings into discussion geophysical evidence for jointly explaining the unusual craton seismicity
in front of the SE Carpathians and the upper mantle intermediate-depth earthquakes in the Vrancea zone within
the frame of the geodynamic environment generated by the W Black Sea opening and further evolution of the

lithosphere expelled towards NW by rifting.
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Introductory

A brief examination of the seismicity map of
Romania (Fig.1) reveals at least two unusual
peculiarities: (i) the intermediate-depth earthquakes
(EQs) in the so-called Vrancea region, located within
full intra-continental environment of the bending zone
of East Carpathians, and (ii) the unexpected craton
seismicity of the Eastern Moesian Platform and SW
margin of the East European Platform, occurring
between Carpathians and the Black Sea shore. The
presence of the crustal events with vertical extension
fault-plan mechanism exclusively within the epicentre
area of intermediate-depth seismicity (iii) also
represents a challenging issue.

The paper aims at presenting a coherent
geodynamic model, for jointly explaining both crustal
and upper-mantle seismicity in the area, within the
geodynamic setting triggered by the W Black Sea
opening and currently maintained by the active rifting
in SW Arabian Plate.

Fig. 1. The seismicity map of Romania.

Earthquake information according to ROMPLUS
catalogue. Yellow dots show epicentres of crustal
events; red dots mark crust EQs with vertical
extension fault plan mechanism

On the Black Sea genesis

Despite many years of research, the Black Sea
opening still represents a debated issue. Two main
ideas are facing each-other. One of them claims for
the opening of the Black Sea basin during a single
geodynamic event, namely the extensional
environment created behind Pontides by the
northward subduction of the Neo-Tethys Ocean floor
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[Nikishin et al, 2001], while other authors [Banks et
al, 1997] advocate for a distinct opening of the W and
E Black Sea basins.

In fact, echoes of the both models are expected in
several geophysical images. For instance, the assumed N-
S expansion of the Black Sea floor should generate
magnetic stripes on the sea bottom striking E-W for both
E and W Black Sea. Instead, as it has been previously
shown [Besutiu, Zugravescu, 2004], the residual
geomagnetic and gravity anomalies over the W and E
Black Sea basins strike almost perpendicular each-other:
NE-SW for the western part and NW-SE for the eastern
basin (Fig. 2). Furthermore, correlation between gravity
and geomagnetic effects in the two basins advocates for a
different timing of the two rifts: while gravity high,
corresponding to the oceanic (denser) lithosphere, in the
central W Black Sea basin associates with a geomagnetic
high indicating a normal magnetization epoch (well-
corresponding to the Middle to Upper Cretaceous
geomagnetic calm), for E Black Sea, the central gravity
high associates with a geomagnetic low, suggesting that
opening of E Black Sea was not coeval with the western
basin, but took place during a geomagnetic reversal, that
may be encountered later on only, during Late Cretaceous-
Paleogene time, as indicated on the magnetostratigraphic
scale. The overthrust of E Pontides over W Pontides, as
revealed by off-shore seismics, strongly supports the idea
of a later opening of E Black Sea.

Discussion

Within the above-mentioned circumstances, it seems
that lithosphere expelled by the W Black Sea opening
split the NW inland into several slivers (Fig. 3) by
creating/reactivating some major faults trending NW-SE,
such as Odessa Fault (OF), Sfantu Gheorghe Fault
(SGF), Peceneaga-Camena Fault (PCF), Capidava-
Ovidiu Fault (COF), Intra-Moesian Fault (IMF), Varna-
Giugiu Fault (VGF) etc. The seismic tomography brings
clear evidence on the effects of the W Black Sea opening
such as (i) the velocity indent created by the NW
expelled lithosphere replacing previous Moesian Plate
(MoP) terrane (corresponding to the so called MoP
Dobrogean sector), and (ii) fingerprints of the above
mentioned NW trending faults at the bottom of the crust
and even deeper, suggesting their trans-crustal nature.
For instance, PCF may be followed in the pattern of the
P waves velocity down to more than 150 km depth, as a
lithosphere boundary between MoP and the East
European Plate (EEP).
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Fig. 2. Residual geomagnetic (AT,) and gravity (Ag,) anomalies
over the Black Sea area (right) along with the magnetostratigraphic scale (left).
An 8" order polynomial trend has been subtracted from the geomagnetic observations, and a 9" order polynomial
trend has been removed from the gravity data. Red arrows mark the assumed directions of the basins opening
[according to Besutiu, Zugravescu, 2004]

Fig. 3 Cartoon showing geodynamic setting of the SE Carpathians

and related foreland following the W Black Sea opening.
Red arrow, the main tectonic push; grey arrows, direction of the stress split along active faults within MoP; EEP, East
European Plate; laP, Intra-Alpine Plate; MoP, Moesian Plate; VTJ, Vrancea triple junction;TTZ, Tornquist-Teisseyre
Zone; TGF, Trans-Getica Fault; 1, rift-generated/reactivated faults; 2, secondary faults created by the MoP downward
bending; coloured dots, epicentres of crustal EQs clustered along fault zones; BGD, Baspunar geodynamic
observatory. The inset: regional geodynamic frame. 1, paleo-, and active rifts; 2, tectonic forces; 3, plate boundaries;
4, GPS observed displacement and yearly rate; 5, rift opening

Accommodation of the rift-generated lithosphere  bending that generated a secondary fault system
took place in front of the vertical edge of the Intra-  striking WSW-ENE. It seems that after the Black Sea
Alpine Plate [Constantinescu et al, 1976] through a  ended its evolution, the geodynamic engine in the area
lithosphere buckling with the MoP downward has became the active rifting in the SW Arabian Plate,
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whose tectonic push is transmitted towards the
Carpathians through the micro-plates located between
Eurasian and  African mega-plates  (Fig.3).
Consequently, tectonic compartments located in front
of Carpathians are pushed towards NW, but usually
move together kept by friction. However, when
tectonic forces exceed the friction, they may relatively
slip each-other thus generating crustal EQs along the
edges in their upper, brittle part. It seems also that,
speed excess related to W Black Sea opening created
within the bending zone of East Carpathians the
necessary environment for an unstable triple-junction
[Besutiu, 2001] to which intermediate-depth
seismicity may be associated based on thermo-baric
accommodation phenomena in the lithosphere sunken
into the upper mantle (such as thermal stress and
phase-transform processes). Any acceleration of
sinking, as a consequence of the evolution of tectonic
forces driving the plates, may consequently increase
the amount of the seismic energy released. An attempt
for monitoring tectonic forces acting in SE
Carpathians is currently conducted on the PCF, at the
Baspunar geodynamic observatory (BGD), revealing
a good correlation between fault slip rate (closely
related to tectonic forces) and seismic energy released
by EQs in front of SE Carpathians.

Concluding remarks

Lithosphere expelled by the W Black Sea opening
split the MoP into vertical slivers by reactivating or
creating two major fault systems: striking NW-SE,
perpendicular to the rift, and, respectively, WSW-
ENE, parallel to the laP margin. Speed excess
provided by the basin opening created the
environment for a FFT unstable triple junction within
Vrancea area, to which the intermediate-depth
seismicity may be associated. After the Black Sea

ended its evolution, the geodynamic ‘engine’ in the
area has become the active rifting in the Red Sea and
Aden Bay, pushing the Arabian Plate. It seems that
tectonic forces are farther transmitted through the
micro-plates located between the Eurasian and
African Plates and push the above-mentioned tectonic
compartments towards the Carpathians, thus being
responsible for the both crustal and upper mantle EQs.
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TEO®U3NYHA IHTEPOPETALISI CTPYKTYPU I TEOJUHAMIYHOI EBOJIIOIIIL IIBJIEHHO-
CXITHUX KAPITAT TA ITPUJIET'JIOI'O ITPOI'MHY B KOHTEKCTI PO3KPUTTS
YOPHOMOPCBKOI'O BACEMHY
JI. BemryTiy

B po6oti 00roBoproroThCs reodi3uyHi J0Ka3M, 10 OJHOYACHO IMOSCHIOIOTh HE3BHYHY CEHCMIUHY aKTUBHICTh
KpaToHY Y 30HI, TIPUIJIETJIiH 10 MiBAeHHO-cXigHux Kapmar, Ta 3eMieTpyciB cepeHbOl IIMOMHU Y BEepXHill MaHTil y
30HI BpaHya B paMkax reoZiMHaMi4HOIO CEpe/IOBHUILA, TEHEPOBAHOTO PO3KPUTTSIM 3aXiHOT YACTMHH YOPHOMOPCHKOTO
OaceifHy 1 MOAANIBIIIOTO MEPEMILIEHHS JIITocepH Y MiBHIYHO-3aXiJHOMY HAaIPSIMKY 32 PaXyHOK PU(THHTY.

Kaiouosi cioBa: moTeHmiaibHi moms, celicMiuHa Tomorpadis, reonuHamika, po3kpurrs YopHoro mops,

pO37I0MH, 3EMIIETPYCH.

TEO®U3UYECKASI HHTEPIIPETALIMSI CTPYKTYPbI U TEOJUHAMMWYECKOM 3BOJIIOLUHA IOI'O-
BOCTOYHBIX KAPITAT U TPUJIETAIOIETO TPOI'NBA B KOHTEKCTE PACKPBITUSA
YEPHOMOPCKOI'O BACCEWHA
JI. Bemytny

B pabote oOcyxmatorcsi reopu3mUecKre NOKa3aTeNbCTBA, KOTOPHIE OJHOBPEMEHHO OOBSICHAIOT HEOo-
OBIYHYIO CEHCMUYECKYIO0 aKTHUBHOCTh KpaToOHa B IIpUJIETAloIIeH 30He I0ro-BOCTOUYHbIX Kapmnart u 3emiueTpsiceHuit
cpenHed riIyOMHBI B BepxHell MaHTHM B 30He BpaHua B paMKax reoJMHaMHYECKOM Cpeibl, TeHepupyemoi
PacKphITHEM 3allaJHOW YacTH U YepHOMOpPCKOro OacceifHa W JajbHEHIIero rnepeMenieHus JIMTocdepsl B ceBe-
po3amnaHOM HalpaBJeHUH 3a cUeT pUPTHHTA.

KiroueBble c10Ba: TOTCHIMANBHBIE IO, CeCMUYecKas TOMOTpadus, TeOIMHAMHUKA, DPaCKPBITHE
UepHoro mMopsi, pa3ioMbl, 3eMJIETPSICEHHUS.
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