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1. Introduction

Black Sea Earthquake Safety Net(work) 8 ESNETproject deals with earthquakes and prevention of
natural disaster generated by such events. The Black Sea region has a long history concerning the
earthquakes. In the past, the earthquakes in the Black Sea basin have generated lots of casualties
and material loses, therefore it is extremely necessary to review the seismic hazard, and existing
monitoring and intervention systems. Participation of the NI EPin the ESNET project is crucial and
useful for solving common problems as risk reduction and population safety.
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2. SEISMICITY

2.1.Overview

Romania is a country with rather h igh (medium to high) seismicity : about 300 earthquakes of
magnitudes M>2.5 are yearly recorded. In the complex tectonic environm ent of the Romanian
territory, several individual seismogenic zones have been identified: Birlad Depression(BD),
Predodrogean Depresion (PD), Romanian Plain (a sector of the Intra-Moesian fault), Crisana-
Maramures (CM) in the North, Transilvanian Depression (TD) and FagarasCampulung zone (FC) in
the central Romania, Banat (BA) and Danubian (DA) zones in the western part of the country. The
most active seismogenic zone is Vrancea, lying at the eastern corner of the Carpathian Belt.

As can be been in Fig. bellow, earthquakes originating in most of these zones are of medium
magnitudes and superficial (crustal)foci. Fagaras (FC) seismogenic region is the second seismic
source in Romania as concerns the largest dbserved magnitude (Mw = 6.5), after the Vrancea
intermediate -depth source. Once per century, an event with epicentral intensity larger than VIl

is expected in this area (Moldovan et al, 2007), the last major event occurred in January 26, 1916
has Mw=6.5 and I;=VIIFIX in MSK scale.
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Figure 1 Seismicity of Romania
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Most of the crustal earthquakes in Romania are of low energy, the seismicity is characterized by
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many earthquakes with magnitude s Mw close to 5, but not exceeding 5.6 ( e.g. BA zonewhere the
largest earthquake occurred after 1900 is the one from July 12, 1991, Mw = 5.6).

Historical information suggests potential earthquakes greater than 6 in several zones like CM (the
maximum reported event is October 15, 1834 with Mw=6.5) and TD (maximum evaluated at
Mw=6.5) but few events of magnitude 4 were reported in th e last hundred of years.

A zone with scarce seismicity but high seismic potential is Shabla (SH), on the territory of
Bulgaria. The latest strong event (Mw=7.2) occur red here in March 31, 1901 produces severe
effects in NW Bulgaria and SE Romania.

Vrancea is a complex seismogenic zone created by the continental convergence of at least 3
major tectonic units: East-European plate, Moesian and Intra-Alpine sub-plates. It is the most
active on the territory of Romania. Considering the hypocenters depth, in this area 2 subdivisions
can be identified: VRN with normal/crustal events (up to 40km depth) and VRI generating
intermediate -depth earthquakes.

The seismic activity in VRN is located in front of the Southeastern Carpathians arc, spread over a
stripe area delimited to the north by the Peceneaga-Camena fault and to the south by the
Intramoesian fault. The seismicity consists only in moderate-magnitude earthquakes (Mw<5.6)
generated in clusters . The catalog contains a single earthquake of Mw = 5.9 occurred on March 1,
1894, with magnitude estimated from historical information, possibly overestimated (Moldovan et
al., 2007).

VRI zone is a very confined area covering the epice nters of the intermediate -depth events (70-
180km), generating 3-5 events with Mw>7 per century and a high seismic moment release
(1.2x1019 Nml/year). Only in the XX-th century 4 strong events occur here :November 10, 1940
(Mw = 7,7; Mg= 5,1 x 1020 Nm ; h= 150 km), March4 , 1977 (Myw = 7,4 ; Mo= 1,5 x 1020 Nm ; h= 93
km), August 30, 1986( My = 7,1; Mo = 0,6 x 1020 Nm ; h= 131 km) and May30, 1990 (Mw=6.9)
Earthquake of October 26, 1802 (My = 7.9) is considered the strongest earthquake originating in
VRI. The characteristic mechanismfor 90% of these events is the reverse faulting with T axes
nearly vertical and P axes almost horizontal, fault plane oriented NE -SW. This resides in a
characteristic ellipsoidal macroseismic field, regularly SW -NE oriented, affecti ng also Moldavia,

Ukraine, Bulagaria, Macedonia, Serbia.

2.2. Seismicity of the Black Sea Basin

Tectonic setting s
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The Black Sea is the largest European backarc basin, situated at the transition zone between a
group of orogenic belts formed during the closure of Paleo and Neo-Tethys oceans and a tectonic
mosaic of units deformed in Late Proterozoic to Paleozoic times at the southern margin of the
EastEuropean craton(Okay et al., 1996; Robinson et al., 1996; Stephenson et al., 2004; Saintot et

East European Platform

Rioni Basin

esSer Caucasus
Batumi

eorg

Figure 2. Tectonic map of the Black Sea and adjacent areas (after 1. Munteanu et al., 2011 ). The
inset is the location of the figure3 . . BF, Bi strisa Faul t ; | MF,

Anatolian Fault; OF, Odessa Fault; PCF,PeceneagaCamena Fault; SGF, Sfantu Gheorghe Fault;
STF, SulinaTar hankut Faul t ; TF, Trotul Faul t; WC F ,

Basin; WBSB, Wst Black Sea Basin; GS, Gubkin Swell; HD, Histria Depression; KD, Kamchya
Depression; KT, Karkinit Trough; KMR, Kalamit Ridge; MAH, Mid Azov High; MBSH, Mid Black Sea

High; NDO, North Dobrogea Orogen; NKD, North Kilia Depression; SG, Shtormovaya Graben; 3§

Surow-Snake Island Ridge.

The evolution of the Black Sea basin was controlled by different processes active during the
northward subduction of the Neotethys beneath the Rhodope -Pontides volcanic arc (Adamia et
al., 1977; Letouzey et al., 1977; Zonenshain and Le Pichon, 1986; Okay et al., 1994). Black Sea
Basin consist of two sub-basins, eastern (EBSB) and western(WBSB). Both of these subbasins,
having oceanic or sub-oceanic crust, are separated by the Mid -Black Sea Rid@ (High), Fig.1,
which is composed of thin ned continental crust (l. Munteanu et al., 2011) .

The Western Black Sea Basin, interpreted as a remnant or extensional back -arc basin related to

the Nothward subduction of the Neotethys behind the Serbomacedonian dRhodope d Pontide, was
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open in late Earl y Cretaceous times (Aptian-Albian)( Fi net t i et al ., 1988,
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2007). Eastern Black SeaBasin has opened later, during late Cretaceous, Paleocene or Eocene
(Robinson et al., 1996; Banks, 1997; Kazdmin et al., 2000) times by the rotation of the Shatsky
Ridge away from the Mid Black Sea High(ridge)( Okay et al., 1994 ).

The Early Cretaceous backarc opening of the Black Sea Basin, in different and successive
deformation phases, was followed by a major extensional episode that took place durin g Late
Cretaceous times, the results being large grabens filled with syn -kinematic volcano -clastic
sediments. Normal faults can be laterally followed along their strike onshore, where the Late
Cretaceous extensional structures are observed in the Srednogorie back-arc basin of the
Balkanides. Near the northern margin of the Western Black Sea, the Odessa Shelf, syn-kinematic
deposition in (half -) graben structures demonstrates an Early Cretaceouscéearly Late Cretaceous
age of extension, subsequently followed by a latest Cretaceous d Eocene period of post-rift
thermal subsidence( Munteanu I., et al., 20111).

The Eocene opening of the Eastern Black Sea has induced renewed extension in the western
basin, which, offshore Romania and Bulgaria, generated faults with offsets in order of tens to
hundreds of meters (Munteanu |I. et al., 2011) . A notable e xception is a NE-SW oriented, D2 km
high fault escarpment, located offshore Varna, which is inherited from the initial late Early
Cretaceous opening and reactivated durin g Eocene times (Munteanu | et al., 2011, Tari et al.,
2009) . The overall Upper Cretaceous -Eocene is characterized by a passive margin evolution. This
passive margin evolution is interrupted by the middle Eocene collision (Okay et al., 1994). The
collision between the major tectonic units of the Pontides and the Taurides represent the time
when the last remnants of the Neotethys Oceanwere closed along the Izmir 8 Ankara Suture Zone
(Munteanu I. et al. 2011). This collision induced large scale uplift that e xhumed the southern
margin of the Black Sea(Okay et al., 2001).

The major contraction from the southern margin of the Black Sea led to the onset of inversion
recorded in the extensional basins and to the formation of other foreland and thrust -sheet top
basins. The inversion from the NE part of the Western Black Sea led to the formation of
Oligocene-Miocene reverse faults and associated folds with Northward vergence and offsets in the
order of tens to few hundreds of meters. Along this northern margin, the  structural grain changes
rapidly east of the Odessa-West Crimea fault system, where the Crimean Orogen is thrusted S -

wards over the Black Sea domain from Oligocene to recent times (Munteanu I. et al., 2011).
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Figure 3.Tectonic map of the Western Black S ea Basin, after Dimitriu et al., 2009

Concerning the Romanian Black Sea we highlight:

A) the Scythian Platform , by Precambrian age; its study was made only through indirect
methods: magnetometry, gra vimetry, seismic and drilling, w as separated a system d major
overthrusts, with regional character and northern vergence, such as Chilia, Serpilor Island, Sulina -
Tarhankut and Golitin overthrusts. This unit is bounded to the south by Sulina -Tarhankut fault
and to the North by Trotus fault;

B) Northern Dobrogea, known also as North Dobrogea Orogen, represents a relative narrow
area situated between the Scythian Platform at North and Moesian Platform to the South,
bounded Sulina -Tarhankut fault to the North and Peceneaga -Camena fault to the south. The
Northern Dobrogea has a complex structure, being formed by a several tectonic units between
which there is an over thrusting relations, the vergence being north eastern;

C) Moesian Platform border westwards Black Sea, spread from north, from Peceneaga -
Camena fault until south, in front of Balkans, being formed from a Baikalian basement and a
phanerozoic sedimentary cover.

Concerning the faults from the Western Black Sea Basin consists almost of three fault
systems. The first one contains the prolongation s of the terrestrial faults such as: Sulina -

Tarhankut fault, Luncavita Fault, Peceneaga -Camena fault, Sinoe Fault, Horia -Pantelimonul de
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Sus fault, Ovidiu Fault, Mangalia fault, Intramoesian Fault. T he second one is composed by the
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faults parallel to the Bla ck Sea coast such as Razelm Fault, Lacl Rosu fault, West Midia fault.
The last system is represented by the group of faults with a NW to SE orientation such as Nistru

Fault, Odessa Fault, and West Crimea Fault.

Analysis of each identified seismic sourc es

Figure 4 . Seismic sources on Black Sea areal
Sl- CENTRAL DOBROGEA
Seismic source cover all informed seismic events what was appeared in 543-2010 period. The
earthquake in this area are associate by Capidava 6 Ovidiu fault and Horia & Pantelimonul de Sus
fault. as like as transversal fault which frame the Medgidia city.The maximum magnitude
observed for 1980-2010 period. it was Mw=5(12.12.1986). for 11 earthquakes, M ,,O 3 .

Earthquakes catalog with M,,O 3

Earthquake | Year | Mo. | Day | Time Lat’N | Lond’E | Depth | M, | EDc | HDc

catalogue km km km
number*
241 | 1980 1| 14|15:07:19| 439 29 33| 4.6 | 42.37 | 53.70

328 | 1982 6 5] 11:55:30 | 43.8 29.3 33| 3.4|66.92 | 74.61
548 | 1986 | 12| 12| 19:29:22 | 43.89 28.95 10 5(40.19 | 51.14




