FOCAL MECHANISMS OF SOME CRUSTAL EARTHQUAKES
THAT OCCURRED IN THE PANNONIAN DEPRESSION
(ARAD — SOUTH TIMISOARA AREA),

THE MOESIAN PLATFORM AND NORTH-DOBROGEAN OROGEN
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The paper presents the results of processing made upon the observation data concerning the P-waves generated by the
crustal earthquakes (and a few subcrustal ones) that occurred in the Pannonian Depression (Arad — South Timisoara
area), the Moesian Platform (in the Wallachian and Dobrogean sector) and through the North-Dobrogean orogen. Short
considerations about the seismicity of these active areas were made, as well as about the important seismotectonic

elements.
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1. INTRODUCTION

Many papers (Romanian and foreign) analyzed
the problem of earthquake mechanisms located
in Romania, particularly those placed in the active
region of Vrancea (Enescu, 1962; Constantinescu,
Enescu, 1963; Miiller et al., 1978; Radu, 1965,
1979; losif, losif, 1979; Enescu, 1980;
Constantinescu, Enescu, 1985; Oncescu, 1987;
Crisan, Oncescu, 1987, 1988; Gerner, 1995;
Radulian et al., 1996; Ardeleanu et al., 1996;
Utale et al., 1994, 1995, 1996; Popescu et al.,
1997, 1998).

Some of them were related to earthquakes
occurred in other active areas such as: Ramnicu
Sarat, Tulcea, Banat, Carpathian Foredeep,
especially in the bending zone of the Eastern
Carpathians, etc. A recent paper (Radulian et al.,
2002) is the compilation of results for 526
earthquake mechanism studies produced in
Romania during 1929-1997. While preparing
the paper, 26 sources of information were used,
consisting in published papers (Romanian and
foreign) and scientific reports from the archives
of the National Institute of Research and
Development for Earth Physics. Information is
placed in the Vrancea region (subcrustal and
crustal area), Banat, Danubian area (western the

Southern Carpathians), the Fagaras—Campulung
region, Barlad and Predobrogean Depression.
The fault plane solutions were determined, based
on P wave polarity (the first arrivals) and in
some cases by waveform inversion of local
earthquakes and teleshocks. All solutions were
determined before 1980 and have been recalculated
by Aki and Richards conventions (1980).

Given the diversity of the experts who compiled
the survey, the authors of this paper proposed
the resumption of this major problem with
seismotectonic implications, based on a uniform
treatment of primary observation data using the
same processing method. Before the presentation of
the mechanism parameters, brief consideration of
the seismicity and seismotectonics of investigated
areas were presented.

2. PANNONIAN DEPRESSION
(ARAD — SOUTH TIMISOARA)

The area included in our analysis is limited
to the following geographic coordinates: latitude
— 45°-46°N and longitude — 20°—22°E. The first
mentions on seismicity of the region were made
by Mathei M. Draghiceanu in his study published
in 1896, Monographie des tremblements de terre
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de Roumanie et des pays environnants, referring
to earthquakes produced during the 1892-1894
period in eastern and western part of the country
(Banat, Drobeta-Turnu Severin).

Later, Prof. Ion Atanasiu (1949) appointed
the seismic activity from this sector of the
Pannonian Basin in the Banatic category, with
epicenters at Banloc, Vinga, Sannicolau Mare,
Sag, Timisoara and Periam. Subsequent
observations revealed large epicentral intensity
(VII and VIII degrees on the Mercalli scale) in
Banloc, Liebling—Voiteg, Sag—Parta, Timisoara,
Jimbolia, Periam, Arad and Sannicolau Mare
(Oros, 1991). The author mentions the following
strong earthquakes: 1915 (Banloc), 1959 (Sag—
Parta), 1979 (Sanmihaiu Romaén), 1988 (Buzias)
and 1991 (Banloc and Voiteg). In 240 years

(1766-2006), 269 earthquakes were located in
this region, 6 of them with M > 5.0 (1879, 1901,
1959 and three shocks in 1991), 51 earthquakes
with M = 4.0 to 4.9 and 92 with M = 3.0-3.9.

The catalogue edited for the region indicated
several periods of time with low seismic activity,
namely: 1916-1920, 1928-1932, 1937-1940,
1942-1952, 1961-1967, 1969-1972, 1975-1977.
In the last period seismicity analysis revealed a
number of active periods in terms of the seismic
activity, namely: July—December 1991, May—
August 1995, October 1999, July—August 2000
and November 2002. The distribution of epicenters
of the investigated area is shown in Figs. 1 and
2, showing the 2D and 3D image representation
of the seismic foci.
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Fig. 1 — Earthquake epicenters distribution that occurred during the 984-2006 period
(tectonic background by Radu, Oros, 1991).
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Referring to the most active sequence of
1991, within 6 months there have been
produced 108 seismic shocks (3 with M > 5.0
and 7 with M > 4.0). The three major
earthquakes have epicenters in Banloc and
Voiteg areas (South of Timisoara).

Geological and geophysical (gravity) studies
evidenced several major fractures of the
basement, E-W and NW-SE oriented, and the
existence of vertical and horizontal movements
along these (Visarion et al., 1979). These faults
are major tectonic blocks bounded with raising
and sinking positions. In a seismotectonic study,
Polonic and Malita (1997) noted that seismic
activity is concentrated along Timisoara—Nadlac
and Buzias—Arad faults, that border the
Caransebes and Sannicolau Mare grabens.

Among these, the elevation Battonya—Buzias
block is individualized; the Lucaret and N
Timigsoara faults are mentioned, the first
separating (after some authors) the Pannonian
Block (North) from the Geto-Danubian block
(south of Lucaret fault).

The Timisoara area is characterized by large
positive values (80-90 mWm™) of geothermal
anomalies (Demetrescu et al., 1991). The
geothermal studies reveal that the heat flow
source observed at the surface is placed in the
upper mantle. After these authors, the temperature
distribution in lithosphere of the region is a
major factor determining the increase of
thermoelastic stress, thus, the generation of
normal earthquakes (crustal).

The stress indicators, the focal mechanisms
of the earthquakes and in sifu measurements (in
wells) have shown that the accumulated stress
in this active area is the compressive type, being
caused by the convergence movement and
rotation of the Adriatic microplate. According
to Polonic and Malita (1997), the crustal
earthquakes of this region are caused by the
compressive forces acting between the Pannonian,
Geto-Danubian and Banloc blocks, along the
Lucaret reverse fault.

In Table 1, the focal mechanism solutions for
60 crustal earthquakes produced in the period
19912001 are shown. The processing observation
data was made with the program Wickens and
Hodgson (1967), improved by Oncescu (1980).

In determining the location parameters of these
earthquakes (epicenter coordinates, hypocenter
depth) information from the archives of National
Institute of Research and Development for Earth
Physics and the data provided by the National
Center in Denver, Colorado, USA (National
Earthquake Information Center) and the
International Seismological Centre Newbary,
UK  (International  Seismological Centre,
Edinburgh, Newbary) have been used. In
connection with the observation data, in order to
obtain good results, the distribution of azimuth
around the epicenter, in at least seven
seismological  observatories, where focal
mechanism solutions were primary calculated.
Mechanisms of events with less than seven
stations were estimated based on their polarities
consistency mechanisms other events that could
be determined with a high degree of confidence.

Seismic foci depths were 5-35 km in the
middle crust (in lower domain of the granitic
layer), here the Conrad discontinuity is
considered to be at depths of 14—15 km.

Focal mechanism solutions indicate the
faulting plane with two-average directions: the
first, N41°W (for 32 shocks) and the second,
N47°E (for 28 shocks); average inclination of
the breaking plane was 56°. The second (Plane 2)
showed also mean directions: one, N50°E (for
31 shocks) and the other, N48°W (for 29 shocks)
and average inclination — 60°. Faulting type was
43 reverse faults and 17 faults strike-slip.

Concerning the tectonic stress, data processing
indicated following compressive forces (P) and
tension (T) orientations: for P axes, two prevailing
directions around N37°W (for 31 shocks) and
N45"E (for 29 shocks ) and for T axes — N44°W
(for 35 shocks) and N52°E (for 25 shocks). The
predominant inclination of the compressive
force P was around 17° and the tension forces
(T), around 47° (Fig. 3).

Strong earthquakes on the Banloc and Voiteg
of July 12, 1991 (Mw = 5.6) and December 2,
1991 (Mw = 5.5) were the fault plane azimuth
WNW-SEE; compressive forces operated NW-—
SE, and the tension on NE-SW direction.
Seismic foci depths were 11 km and 9 km and
both faults were the strike-slip fault type.
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In the Jebel-Banloc active area, moderate
magnitude earthquakes in 1915 (Mw = 4.3 to
4.8), 1936 (Mw = 4.8), 1960 (Mw = 4.2) and
1980 (mb = 4.2) occurred. The active region is
located in the sedimentary basin south of
Sannicolau Mare Graben.

3. MOESIAN PLATFORM

The investigated region includes the sector
of the Moesian Platform and a part of the
Carpathian Foredeep. Seismic data have been
extended to 44.8°N latitude, and in south to
latitude 43.5° N and between meridians 22.5°
and 29°E. The catalogue includes the period
during 1276-2007, 629 earthquakes, of which
565 produced in Romania, 63 in northern Bulgaria
and Black Sea and a seismic shock in Serbia.

(b)
Fig. 3 — The dip (a) and azimuth (b) of P and T axes of earthquakes occurred in Banat.

In Fig. 4 the distribution of the earthquake
epicenters within the area referred is shown; a
seismic foci 3D representation is shown in Fig. 5.

Earthquake epicenters distribution in this
area reveals that the western sector (Wallachian)
is much less seismically active than the eastern
sector (Dobrogean) located eastern of the
Intramoesian Fault. Temporal analysis of the
seismic shocks produced in the XX" century
has shown a significant decreasing of seismic
activity in some periods: 1917-1922, 1924-1929,
1931-1941, 1943-1955, 1957-1959, 1961-1966,
1968-1974 and 1978-1979. It’s worth mentioning
an increasing of the seismic activity in other years
as: 1977 (18 earthquakes), 1982 (43 earthquakes),
1995 (22 earthquakes), 1996 (21 earthquakes),
1999 (29 earthquakes), 2005 (60 earthquakes)

and 2006 (48 earthquakes).
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Fig. 5 — Earthquake epicenters distribution, isobath map and 3-D image
of the seismic foci surface of the Moesian Platform.

On the Carpathian Foredeep area, it seems the range 0—10 km deep (about 65%), the rest

that, in time, it was a migration of the seismic (about 35%) at depths of 11-35 km. Thus, the
activity from east to west, from an earthquake earthquakes mostly occur in the sedimentary
of magnitude 4.5 on July 9, 1912 (the epicenter crust (or in the upper crystalline, consolidated
west of Ramnicu-Valcea) to a seismic shock of 5.2 crust), few of them have focus in the middle crust
magnitude on June 20, 1943 (north of Targu- and others in the lower part of the consolidated
Jiu) and July 18, 1991, earthquake with Ms = crust.

5.6 (north-west of Drobeta-Turnu Severin), the The following can be distinguished as active
last one located in the Southern Carpathians. seismic areas in western sector of the platform

Most of the XX™ century earthquakes occurred in itself as: Alexandria—Chiriacu, Turnu Magurele—
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Caracal and Calafat-Strehaia North. In the
transition zone to the Carpathian Foredeep area
it has been shown some areas with seismic
potential as Ludesti—Cobia, Tartasesti—Butimanu
and Targu-Jiu—Turnu Severin. North-western of
Turnu Severin outlines a very active area,
located in the Southern Carpathians. Here, on a
relatively small area (about 2500 s/qkm),
numerous seismic events occurred, of low
magnitude, which culminated in the July 18,
1991 earthquake (Ms = 5.6, depth 11.6 km).

Correlation with regional tectonic elements
indicates the connection of these earthquakes
with Cerna fault. The great depth (33 km) of
these earthquakes shows the extension of this
major crustal fault in the lower crystalline crust;
previous seismic studies indicating a thick crust
of about 40 km.

Among the earthquakes produced in the
central sector of the platform, the Alexandria
area one (on February 7, 2001, M = 3.2) was
optimal for the focal mechanism determination.
The analysis showed the fault plane oriented
N25°W (dip 42°%); depth focus (33 km) places,
respectively in the subcrustal domain (Table 2).

The seismic activity of the eastern sector
(Dobrogea) of the Moesian Platform is well
known, especially after strong earthquakes on
1960 and 1967, with magnitudes (Mw) of 5.4
and 5.0 respectively (losif, 1960; losif, losif,
1971). An increasing seismic activity was
observed after the Vrancea earthquake of March
4, 1977, so at the end of 1977, there have been
23 earthquakes in this area, five of them having
magnitudes of 3.6 to 3.9 degrees on the Richter
scale (Cornea, Polonic, 1979). Macroseismic
observations first made by I. Atanasiu (1949)
have shown in this part of the platform many
epicenters and lines of “seismic sensitivity”,
interpreted as representing the structural
alignments of the crystalline basement.

Among the earthquakes produced in the
1960-2007 period, it was possible to determine
the focal mechanism only for 75 (Table 2).
From these, we mention the earthquakes of
January 4, 1960, from Cazanesti (Ms = 5.4) and
February 27, 1967 at Radulesti (Ms = 5.0), with
foci at 40 km, and 42 km, respectively.

Determinations of 63 earthquakes produced
in the Dobrogea (east of 26°E meridiane) showed
one or two predominant faulting directions, one —
N39.6°E (for 32 earthquakes) and another —
N49.3°W (for 31 earthquakes) and inclinations
of 59.4° and 55.6° respectively. For other
breaking plane the prevailing direction was
N35.7° E (for 39 shocks) and N 44.9° W (for 24
events) and prevailing inclinations of 55.8° and
58.6", respectively.

The types of faulting derived from the focal
mechanism solutions were the reverse faults and
strike-slip faults.

Concerning the tectonic stress, the axis of
compression forces (P) presented two prevailing
directions, quasi NW-SE (N49, 5°W) and NE-
SW (N 41.6" E).

The dips of the compressive forces were
almost horizontal, with average dips of 20° and
18°, compared with the tension axis (T) which
operated to dips of 41°. Tension stress occurrs
around the direction of N42.5°E and N62.5°W.
In Fig. 6 were represented the azimuths and dips
of the P and T axes for all 75 earthquakes in the
investigated area of the platform.

In conclusion, the fault plane solutions from
the Dobrogea sector have shown the existence
of two faulting systems (already known from
previous geophysical works), one mainly oriented
NW-SE and the other side, NE-SW. The first
category includes the major active faults (from
west to east): Intramoesic fault and Nehoiu—
Smeeni—Dragalina, Slobozia—Fetesti and Capidava
Ovidiu faults. The group of secondary faults is
composed of Baraitaru—Faurei—Oprisenesti,
Urziceni—Jugureanu, Ileana—Colelia, Cartojani—
Gradinari and Videle—Balaria faults (from north
to south).

The events analyzed in the 1960-2007 period
have shown the existence of a compressive regime,
oriented NW-SE, the same tectonic stress appeared
too at the earthquake occurred at Radulesti on
February 27, 1967 (Ms = 5.0). Along the
Intramoesian fault were located only a few
earthquakes. Also, more seismic shocks were
related to fracture Nehoiu—Smeeni—Dragalina,
this fault seems to be related to the shock from
January 4, 1960 (Ms =5.4).
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Fig. 6 — The dip (a) and azimuth (b) of P and T axes of earthquakes occurred
in the Moesian Platform.

4. NORTH-DOBROGEAN
OROGEN

The seismicity of this region has been observed
since 1949 by lon Atanasiu, who evidenced the
lines of “seismic sensitivity”: Tulcea—Isaccea—
Galati, Cerna—Maicin—Braila and Babadag—
Nicolae Balcescu. In a previous paper (1938),
Ioan G. Popescu mentions the epicenters from
Tulcea, Isaccea, Babadag and Topolog. There were
located, between 1871-1929, 11 earthquakes in
the Galati—Sulina area and 3 shocks connected
by the Peceneaga—Camena fault.

The information presented by us refers to the
area included within the following geographic
coordinates: latitude 44.5°-45.5°N and longitude
28.0°- 29.0°E. In the south, the data included a
part of Central Dobrogea too, belonging to the
Moesian Platform.

Thus, between 1831-2006, were located 218
earthquakes with M = 1.9 to 5.6 and depths of
0-33 km, in the region; 51 shocks had magnitudes
greater than 3.5 (Figs. 7, 8).

Historical earthquakes produced in the XIX™
century and early XX™ century had magnitudes
and depths estimated at higher values; so,
seismic events produced at depths of 40-50 km
and a magnitudes of 5.3 to 5.6 existed. Epicenter
distribution indicates their concentration in SE
Macin, Tulcea area north of Babadag.

In Table 3 are presented the focal mechanisms
of 18 earthquakes produced during 1980-2006.
The faulting plane indicates two average
directions: one, N35’E (NE-SW) and another,
N43°W (NW-SE), with a predominant dip of
56°. The faulting type was the reverse fault (16)
and two strike-slip faults. The average tectonic
stress directions had been as follows: for
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compressive forces (P), N63°E (ENE-WSW) and
N44"W (NW-SE), the latter being predominant,
the tension forces (T), a main direction, N41°W
(NW-SE) and other, secondary, N60’E (ENE—
WSW). The compressive forces operated in a
horizontal plane (with an average slope of 18°)
and the tension forces had an average dip of 60"

(Fig. 9).

The strong earthquake occurred on November
13, 1981 (Mw = 5.1), located east of Tulcea, was
generated on a fault oriented NE-SW, situated
at depth of 4-9 km (Oncescu et al., 1989). Main
shock (MD = 5.4) was followed by six
aftershocks with MD = 2.9 to 3.5. The authors
noted the migration of seismic activity from NE
to SW along a distance of about 23 km.

BULGARIA\Q

28°

ELA ’{< SEA

Fig. 7 — Earthquake epicenters distribution that occurred in Dobrogea during the 1831-2006 period
(tectonic background after Visarion et al., 1990).
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The recalculating of the faulting plane indicates
a plane oriented NE-SW (N120°W). A similar
solution provided Gabriela Polonic in 1986. The
P axis was oriented ENE-WSW (N73°E) and
the tension axis (T) NNW-SSE (N11°W).

The Niculitel-Cataloi—Cerna area revealed
as a active seismic area with foci situated in the
crystalline crust seismic of the Tulcea tectonic zone
and of the Niculitel nappe. Many earthquakes
are related to tectonic line Luncavita—Consul,
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foci were located at depths of 5-10 km, the area
belonging to the crystalline crust.

The earthquakes located in the south of
Tulcea are extended to the west, near the
tectonic contact with the Macin unit (line
Luncavita—Consul). Some earthquakes are
related to this tectonic contact or associated
satellite faults. The region is particularly active
there were located about 15 seismic shocks,
concentrated in a relatively small area.

km

Fig. 8 — Earthquake epicenters distribution, isobaths map and 3-D image
of the seismic foci of Dobrogea.
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Fig. 9 — The dip (a) and azimuth (b) of P and T axes of earthquakes occurred in North Dobrogea.
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