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Abstract. The Vrancea seismically active region of Romania, situated far-from active
plate boundaries, can be characterized by small-large intermediate-depth earthquakes
and small-moderate normal ones. The intermediate-depth earthquakes are destructive
when larger than magnitude Mw 7.2. A bio-location methodology has been used trying
to map crustal faults in Vrancea Depression and to indicate stress variations before and
after intermediate-depth earthquakes. Bio-location data obtained across two
perpendicular faults at Plostina, Vrancea, indicated a possible stress transfer from faults
situated at intermediate-depth of 70–150 km, to faults situated in the Earth’s crust at
0–40 km, before and after intermediate-depth earthquakes larger than local magnitude 3.0.
Key words: crustal faults, seismicity, bio-location.

1. INTRODUCTION
The intermediate-depth seismic activity in Vrancea region of Romania is
confined to a quite small vertically elongated volume of 30×70×200 km, centered
at latitude 45.7 degree north and longitude 26.6 degree east. Large and destructive
earthquakes have been recorded every century in the last millennium at a depth
situated between 70 and 150 km. A seismicity gap is located from 40 to 70 km. The
normal-depth earthquakes from 0 to 40 km in and around the Vrancea region do
not exceed magnitude 5.5.
[1] regarded the Vrancea intermediate-depth seismic activity related to a
paleosubduction, where the events would originate within a sinking oceanic plate
fragment subducted and partially detached from the now vanishing oceanic basin.
The oceanic plate subduction has been completed about 10 million years ago.
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[2] emphasized that “the crust of southeast Carpathians is almost as thick as
the crust of the Alps (50–55 km) but the elevation is less than one-half of the Alps
elevation”. It was thus proposed that the cold mantle oceanic slab under the
Southeastern Carpathians is still viscously coupled to the continental lithosphere
and pulls it downward creating the Vrancea Depression. The author described a
partial detachment of a lithospheric root under the southeastern Carpathians, after
the active oceanic plate subduction was completed.
[3] rejected the idea of a paleosubduction of an oceanic plate along the
Eastern Carpathians. The authors supported an active continental lithospheric
delamination in Vrancea, as the origin of the vertical slab situated at 70–200 km depth.
No matter what interpretation is accepted for the origin of mantle seismicity
in Vrancea, a stress transfer might be possible before and after intermediate-depth
earthquakes from the slab situated at 70–200 km depth to the crust at 0–40 km depth.
[4] suggested a paleosubduction for the New Madrid Seismic Zone (NMSZ),
situated in the interior of the North America continental plate, far-away from active
plate boundaries. The authors argue that a downgoing mantle flow is viscously
coupled to the ancient Farallon slab, which subducted under the western margin of
the North America during Cretaceous. This may serve as the driving mechanism
for the large earthquakes in the NMSZ.
The GPS measurements found movements around the NMSZ faults less that
1 mm/year. The small movements cannot explain stress accumulations able to
generate great earthquakes, such as the 1811–1812 events with magnitude larger
than 8.0. These great earthquakes could repeat every 500–1000 years based on
geologic data. Using 3D seismic tomography, the authors constructed a model of
density, flow, and seismic wave velocity in the mantle below the NMSZ suggesting
a complex downward mantle flow.
A similar situation has been discussed in Vrancea [5]. The authors based on
tomographic inversions defined a high-velocity body between 70 and 350 km
depth. The deeper aseismic oceanic slab at 200–350 km depth provided the
gravitational pull to generate the intermediate-depth seismic activity between 70
and 200 km and the normal-depth earthquakes in the crust between 0–40 km.
At present time, three geological units surround the Southeastern Carpathians
and the Vrancea seismically active region: The East-European platform at
northeast, the Transylvanian basin at northwest, and the Dobruja orogen at
southeast (Fig. 1). These geological units are situated far away from the active
plate margins of Africa and Arabia.
[6], based on GPS satellite measurements in and around Vrancea region,
found the East-European platform and the Transylvanian basin relatively stable,
with horizontal movements smaller than 2 mm/year. On the other hand, the region
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situated between the Trotus and Intramoesian faults, is moving towards southeast
about 2 mm/year. In the past, with lack of precise GPS measurements, this region
has been regarded as moving towards northwest [7]. [6] had no confidence for the
vertical movements based on GPS data, due to various sources of error, and the
small vertical movements of about a few mm/year.
[3] and [8] suggested a strong coupling between the sinking mantle slab and
the surface deformations in and around the Vrancea Depression. The mantle slab
has been regarded sinking at about 2 cm/year, based on seismological data [9].
Figure 2 shows the epicentral region of Vrancea intermediate-depth
earthquakes and the normal ones. The area of normal-depth earthquakes is larger in
and around the Vrancea region. The density of earthquakes with magnitude larger
than 4.0, recorded during 1901–2006, decreases with the distance from Vrancea.
The number of normal-depth events is larger in the southeastern region. From
Fig. 1 and 2 it is obvious the normal-depth earthquakes are related in some way to
the intermediate-depth seismic activity.

Fig. 1 – A simplified tectonic map of the Alps and the Carpathians [10].
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Fig. 2 – Epicenter of earthquakes recorded on the Romanian territory during 984-2010: 1 – Black
points – intermediate-depth earthquakes. 2 – Red points – normal-depth earthquakes [11].

The goal of this paper is:
1. To develop a bio-location methodology able to map crustal faults in and
around Vrancea.
2. To monitor the earthquake activity along these faults.
3. To compare the fault-plane solutions of intermediate-depth and normaldepth earthquakes.
4. To indicate a possible stress transfer from faults situated at 70–150 km
depth to faults in the crust at 0-40 km depth.
5. To correlate intermediate-depth earthquakes in Vrancea to bio-location
variations across time obtained on two perpendicular crustal faults.
2. BIO-LOCATION AND DOWSING
Bio-location is known as a traditional form of mineral exploration (Fig. 3)
with roots in the Middle-Ages [12] and [13]. At present time bio-location is poorly
understood, regarded most of the time as divination or dowsing for water and
minerals ([14, 15]). During the last 500 years it was endorsed by the Freiburg
Mining Academy in the Erzgebirge region of Germany [13], and rejected by [12] in
the Harz Mountains of the same country. A bio-location search for mineral veins is
indicated in Fig. 3 after [12]. Dowsing has been regarded as a fraud by the French
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Academy of Sciences in the 18th century, and as an ideomotor-effect by [16]. In
spite of such a negative attitude, dowsing was renamed “biophysical effect” and
applied for mineral exploration projects in the former Soviet Union during the
years 1960-1990 [17].

Fig – 3. Bio-location for mineral veins in Germany, by using a Y wooden rod [12].

Not only humans, but dogs have been trained for smelling sulfide minerals
underground. Human bio-locators have been trained in the former Soviet Union to
sense tectonic faults, mineral veins, caves, salt and oil domes, or water filtering at a
shallow depth above the water table in landslide environments. If dogs use their
sense of smell to locate sulfide minerals, there is no clear explanation for the
physical or chemical anomaly sensed by the human bio-locator. Bio-location
performed in the former Soviet Union has nothing in common to dowsing, since
dowsing is known as a form of divination for anything of interest. On the other
hand, human bio-locators are able to sense certain particular geologic disturbances
only, such as faults and veins, caves, oil traps or salt domes. [18] described biolocation reactions obtained across a gas dome at Poverty Point, Louisiana, and
across a cave located at Cave of the Mounds, Dane County, Wisconsin.
It is no surprise dowsing as a form of divination had catastrophic results
during the 20th century, in the early exploration for oil and gas in the United States
[19]. As a result, dowsing was forbidden for mineral exploration by the United
States Geological Survey. On the other hand, human bio-locators obtained positive
results for detecting faults filled with water in Sri Lanka [20], mineral veins in
Russia [17], or active faults in seismically active regions of Romania [21].
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The present time literature on bio-location and dowsing is confusing since
there is no clear distinction between these two phenomena. [22] defined dowsing
“as a claimed ability to discover almost anything, from water and minerals to
missing children and archaeological sites.” [23] described a test on dowsing
performed with a $250,000 grant from German government at Munich University
[20]. Dowsers walking on the second floor of a country barn had to guess the
location of various objects placed at random on the first floor. The experiment
conducted double-blind failed. No plausible physical or physiological mechanism
has ever been proposed by which such detection might be possible [23].
If dowsing as a form a divination is a mind activity intended to guess
anything of interest, bio-location is a body activity intended to feel a disturbance in
the environment. Bio-locators are trained similar with dogs able to smell sulfide
minerals underground.
[24] designed a blind experiment of fault detection by bio-location at Lulea
University, Sweden. A number of seven faults have been indicated by bio-location
on a country rod covered by snow. The faults, situated in the geologic fundament,
have been covered by a deposit of sand of 30 m thick. [25], explained the Lulea
results as “due to a piezoelectric effect in human bones”. [23], rejected the idea that
certain skilled individuals are able to discover anything underground. Dowsing
and/or bio-location “are widely regarded among serious scientists as no more than
a superstitious relic from medieval times.”
There is a widespread idea that bio-locators, dowsers and diviners are
reacting in some unknown way to water underground [14] and [26]. However, this
idea is not supported by facts. [27] suggested that bio-locators reacted to water
moving underground above the water table toward springs, but failed to indicate
large aquifers situated deeper than the water table. More than that, bio-location
reactions have been obtained above dry faults [20].
According to [17], during 1960–1990 geologists and geophysicists in the
former Soviet Union correlated bio-location reactions to geomagnetic, resistivity
and gravity anomalies. No systematic correlation has been obtained. On the other
hand, bio-locators reacted to dry and wet caves and faults, salt domes and oil traps.
All these geological situations can be related to variation of stress and strain
underground.
3. THE BIO-LOCATION REACTION OBTAINED WHEN WALKING
ACROSS A FAULT SUBJECTED TO STRESS
[28] described first a bio-location reaction obtained when walking on a
direction perpendicular to a fault-strike. Bio-locators may use in their search for
faults an Y shaped wooden twig held in both hands in the horizontal plane in a farfrom equilibrium position (Fig. 3). Small involuntary muscular contractions in the
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arms will move the Y rod upwards and small muscular relaxations will move the Y
rod downwards. Some bio-locators are able to feel muscular contractions and or
relaxations across a fault with no help from any instrument.
A bio-location reaction and a bio-location zone can be defined as a region
along the walking path where the Y rod is moving upwards and/or downwards.
There is no bio-location reaction and no bio-location zone when the Y rod remains
in the horizontal plane, regarded as zero position of the instrument.
A certain sensitivity and skill, combined with a long process of learning and
training is necessary to obtain involuntary bio-location reactions in good
correlation to faults subjected to stress. In order to reduce the ideomotor-effect, a
dream-like state needs to be created and maintained during the search for faults in
the region of interest. During the 2010 research work at Plostina, Vrancea,
Romania, two boys (11 and 13 year old) have been trained as bio-locators. In this
way was checked the reproducibility of bio-location data.
Fig. 4 indicates a bio-location reaction obtained at Plostina, in the Paraul
Adanc zone. The reaction is plotted at an arbitrary scale by the maxima and
minima position of the Y rod above and below the horizontal plane. The biolocation zone, indicated in meters, is the region along the walking path where the
beginning of reaction, maxima, minima, maxima, and the end of reaction had been
recorded. The fault-strike is indicated by the reaction of minima at the marker “C”.
In Fig. 4, “A” indicates the beginning of reaction, “B” indicates maxima, “C”
indicates minima, “D” indicates a second maxima, and “E” the end of reaction. For
a vertical fault as in Fig. 4, the distance AC = CE.

Fig. 4 – A bio-location reaction indicated at an arbitrary scale obtained across the Paraul Adanc Fault
at Plostina, Vrancea, Romania. The location of the fault is indicated on the Google Map in Fig. 6.

The data in Fig. 5 indicate a bio-location reaction obtained across the Fault 1
at Plostina, along the western limit of the Vrancea Depression.
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Fig. 5 – A bio-location reaction indicated at an arbitrary scale, obtained across Fault 1 renamed
the Coza-Valea Neagra Fault at Plostina, Vrancea, Romania. The location of Fault 1 is indicated
on the Google Map in Fig. 6.

The fault strike is indicated by the reaction of minima. On Fig. 5 the distance
CE in the east is longer than AC in the west. This indicates an inclination of this
fault from west to east.
The Google satellite map around Plostina in Fig. 6 shows by color blue the
markers placed along the walking path, and by color red a number of three faults
discovered by bio-location. Two faults have a general orientation northeast
southwest, and the third one in the Paraul Adanc zone is oriented perpendicular on
the other two. Yellow indicates three seismological stations PLO2, PLO3 and PLO4.
The faults detected by bio-location at Plostina have been mapped on a larger
area from Coza to northeast to Valea Neagra in southwest (Fig. 7).
Other two faults oriented northwest-southeast are indicated along the river
Naruja and Nereju.
The problem was to prove based on geological and geophysical data the
faults mapped by bio-location, unknown to the seismologists, to be a reality.
Normal faults known in the so called “Vrancioaia Subzone” do not include the
Coza-Valea Neagra, Naruja and Nereju faults mapped by bio-location, but the
Soveja-Paltin Fault only [29].
The Institute of Geology in Bucharest, Romania, published a geological map
of Vrancea region at a scale 1: 200,000. No faults have been indicated on this map.
Another geological map of Vrancea 1:100,000, named Barsesti Sheet, was
classified since it was based on a military topographical map (Fig. 8).
During the year 2010 this map was declassified and sold to interested parties.
The fault Coza-Valea Neagra mapped in Fig. 7 by bio-location is indicated in Fig.
8 on the geological map Barsesti Sheet at the scale 1:100,000. The Nereju Fault
mapped by bio-location in Fig. 7 was not indicated in Fig. 8.
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Fig. 6 – Tectonic faults indicated by bio-location in color red. The Google Map shows the area
around Plostina, Vrancea, Romania, in the so called “Vrancioaia Subzone.” Markers along
the walking profiles are indicated in blue and seismological stations by yellow.

Fig. 7 – Tectonic faults mapped by bio-location in Coza-Valea Neagra area of Vrancea, Romania.
The faults at Plostina in Fig. 6 have been mapped on a larger area between the Putna River and Naruja
River in the so called “Vrancioaia Subzone.” The epicenter of the main shock and the aftershocks
along the Nereju Fault have been indicated after [29].
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Fig. 8 – The geology of Coza-Valea Neagra area from “Barsesti Sheet” at scale 1: 100,000.
A geological cross-section is indicated from northwest to southeast. Geological data after the Institute
of Geology, Bucharest, Romania.

However, in Table 1 an earthquake magnitude 4.4 at a depth of 13 km and 17
aftershocks magnitude 1.7–2.7, recorded during 6–9 September 2008, are located
along the Nereju Fault. The Naruja Fault indicated in Fig. 7 based on bio-location
along the river Naruja is not indicated on the geological map in Fig. 8. Three
mineral and one thermal spring can be seen along the river Naruja, suggesting a
fault line.
Table 1
Main shock and the aftershocks of the events recorded in “Vrancioaia Subzone”
during September 6–9, 2008 [30]
No

Y/M/D

1
2
3
4
5
6
7
8

08/09/06
08/09/05
08/09/06
08/09/06
08/09/06
08/09/06
08/09/06
08/09/06

Latitude
North
45.80
45.76
45.85
45.74
45.79
45.78
45.98
45.71

Longitude
East
26.51
26.50
26.45
26.54
26.50
26.49
26.43
26.60

Depth
km
13
5
15
5
4
4
4
10

Local
magnitude
4.4
2.2
2.1
1.9
2.1
3.1
2.3
2.1
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Table 1 (continued)
9
10
11
12
13
14
15
16
17
18

08/09/06
08/09/07
08/09/07
08/09/07
08/09/08
08/09/08
08/09/08
08/09/08
08/09/09
08/09/09

45.76
45.79
45.79
45.77
45.74
45.76
45.93
45.75
45.84
45.73

26.50
26.53
26.48
26.52
26.55
26.52
26.35
26.60
26.48
26.58

5
13
2
11
5
3
5
5
11
5

2.7
2.9
2.3
3.4
1.9
2.4
1.8
1.7
2.0
1.7

Other faults have been mapped by bio-location in the so called “Ramnicu
Sarat Subzone” together with earthquakes epicenters as given by [30] (Fig. 9).

Fig. 9 – Tectonic faults mapped by bio-location around the city of Focsani in the so called “Ramnicu
Sarat Subzone.” The epicenters of main shocks and aftershocks plotted along the faults are indicated.

A number of three faults, named West Focsani, Odobesti-Panciu, and
Bolotesti-West Panciu have a northeast-southwest direction. A series of main
shocks magnitude around 5 and their aftershocks are plotted in Fig. 9 along these
faults. The earthquake activity is indicated after [30] and [31].
The bio-location exploration for faults needs to be expanded in the future on
a larger area, south of Focsani and around Ramnicu Sarat. A main shock, two
foreshocks and four aftershocks recorded during 23–25 November 2010 are
indicated in Table 2. The data suggested a possible fault oriented northwestsoutheast, along the Ramnicu Sarat River between Jitia and Dumitresti.
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Table 2
Foreshocks, main shock and aftershocks recorded in the “Ramnicu Sarat Subzone,”
along the Ramnicu Sarat River between Jitia and Dumitresti
No

Y/M/D

1
2
3
4
5
6
7

10/11/23
10/11/23
10/11/23
10/11/23
10/11/24
10/11/24
10/11/25

Latitude
North
45.539
45.557
45.562
45.561
45.547
45.554
45.571

Longitude
East
26.728
26.715
26.725
26.747
26.745
26.726
26.730

Depth
km
20.04
19.54
19.82
19.63
21.29
24.03
18.73

Local
magnitude
1.8
1.7
4.3
2.6
2.6
1.6
1.7

The faults located by bio-location and seismological data in the so called
“Vrancioaia and Ramnicu Sarat Subzones” are dip-slip faults, oriented northeastsouthwest and northwest-southeast. The earthquakes along these faults are situated
at a depth around 5 km in the Vrancioaia Subzone and 20 km in the Ramnicu Sarat
Subzone. The faults oriented northeast-southwest are longer and generate larger
main shocks of magnitude around 5. The faults oriented northwest-southeast are
shorter and generate main shocks as large as magnitude 4. It is interesting to note
that intermediate-depth earthquakes are larger for faults oriented northeastsouthwest with maxima Mw 7.7. The faults oriented northwest-southeast are
shorter and generate intermediate-depth earthquakes with smaller maxima
magnitude around Mw 6.0 [7].

Fig. 10 – An old channel of Putna River at the Putna Fall and the new channel filled with water along
a fault newly created by the great intermediate-depth earthquake Mw 7.7 of October 26, 1802.
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The crustal faults indicated in Fig.1 within the Dobruja Orogen are strike-slip
faults, oriented northwest-southeast with epicenters of main shocks and aftershocks
situated along the same direction. As a result, the tectonic fabric of crustal faults in
and around the Vrancea region is not the same when compared to the Dobruja
orogen, but is similar to the dip-slip reverse faults indicated by the fault-plane
solutions within the intermediate-depth slab. During the great intermediate-depth
earthquake Mw 7.7 of 26 October 1802, a new crustal fault has been created along
the Putna River at the Putna Falls. Fig. 10 shows the old Putna channel, and the
new channel filled with water along the fault.
4. CONCLUSIONS
The data offered in Figs. 1-10 suggest bio-location of crustal faults might be
a phenomenon related to magnetotelluric wave splitting (MWS), based on
variations in space and time of resistivity anisotropy. This hypothesis needs to be
proved by a further research. Bio-location data shows reproducibility when
checked by two operators in blind conditions.
Bio-location was able to indicate 4 crustal faults in the so called “Vrancioaia
Subzone” previously unknown to seismologists (the Coza-Valea Neagra, Paraul
Adanc, Naruja and Nereju Fault). These faults have been located also based on
geological and seismological data.
REFERENCES
1. Roman, C. Seismicity in Romania: Evidence for the sinking lithosphere, Nature, 228, 1176–1178
(1970).
2. Gvirtzman, Z. Partial detachment of a lithospheric root under the Southeast Carpathians: Toward
a better definition of the detachment concept, Geology, 30, 1, 51–54 (2002).
3. Knapp, J.H., Knapp, C.C., Raileanu, V., Matenco, L., Mocanu, V., and Dinu, C. Crustal constraints
on the origin of mantle seismicity in the Vrancea Zone, Romania: The case of active
continental lithospheric delamination, Tectonophysics, 410, 311–323 (2005).
4. Forte, A.M., Moucha, R., Simmons, M.A., Grand, S.P., Mitrovica, and J.X. Deep mantle
contributions to the surface dynamics of the North American continent, Tectonophysics, 481,
1–4, 3–15 (2010).
5. Wenzel, F., Sperner, B., Lorenz, F., and Mocanu, V. Geodinamics, tomographic images and
seismicity of the Vrancea region, EGU Stephen Mueller Special Publication Series, 3, 95–104
(2002).
6. Hoeven, van der A., Mocanu, V., Spakman, W., Nutto, M., Nuckelt, A., Matenco, L., Munteanu,
L., Marcu, C., and Ambrosius, B.A.C. Observation of present-day tectonic motions in the
Southeastern Carpathians: Results of the ISES/CRS-461 GPS measurements, Earth and
Planetary Science Letters, 239, 177–184 (2005).
7. Constantinescu, L., and Enescu, D., The Vrancea Earthquakes Within their Scientific and
Technological Frame-Work (In Romanian) Editura Academiei Republicii Socialiste Romania,
Bucharest, Romania, 1985.

284

A. Apostol et al.

14

8. Zaharia, B., B.D. Enescu, M. Radulian, M. M. Popa, I. Koulakov, S. Parolai, Determination of the
lithospheric structure from Carpathians Arc bend using local data, Romanian Reports in
Physics, 61, 748–764 (2009).
9. Kiratzi, A.A. Active deformation in the Vrancea region, Romania, Pure and Applied Geophysics,
140, 391–402 (1993).
10. Munteanu, L. Tectonic blocks movement in and around Vrancea, based on precise GPS
measurements. In Researches Related to the Disaster Management of Romanian Earthquakes
(in Romanian), Gheorghe Marmureanu Editor, Editura Tehnopress, Iasi, Romania, 2009.
11. *** ROMPLUS- http://www.infp.ro/catalog-seismic
12. Agricola, G., De Re Metallica (in Latin), Basel, Switzerland, 1556.
13. Roessler, B., Mirror of Metallurgy (in Latin), Dresden, Germany, 1700.
14. Williamson, T., Dowsing: New Light on an Ancient Art, Robert Hale Editors, London, England,
1993.
15. Dym, W., Scholars and Miners: Dowsing and the Freiburg Mining Academy. Technology and
Culture, 49, 4, 833–859 (2008).
16. Chevreul, M.E., The Divining Rod and the So Called Exploratory Pendulum (in French), MalletBachelier Editors, Paris, France, 1854.
17. Bakirov, A.G., An unusual phenomenon in biology, Russian Physics Journal, 35, 3, 234–240
(1992).
18. Apostol, A., North American Effigy Mounds: An Enigma at the frontier of archaeology and
geology, Journal of Scientific Exploration, 9, 4, 549–563 (1995).
19. Sweet, G.E., The History of Geophysical Prospecting. Science Press, New York, USA, 1978.
20. Betz, H-D., Unconventional water detection: Field tests of the dowsing technique in dry zones.
Part 2, Journal of Scientific Exploration, 9, 2, 159–189 (1995).
21. Apostol, A., Molnar-Veress, and M., Svoronos, D., Preliminary data on precursor phenomena of
intermediate-depth earthquakes in Vrancea seismically active region of Romania (in
Romanian), Studii şi Cercetări de Geologie, Geofizică şi Geografie, Seria Geofizică,
Bucharest, Romania, 19, 31–39 (1981).
22. Randi, J., The matter of dowsing, James Randi Educational Foundation, Swift, 2, ¾, January 1999.
23. Enright, J.T., Testing Dowsing: The Failure of the Munich Experiments. Skeptical Inquirer,
January/February 1999, p. 1–17.
24. Stephansson, O. The bio-locator is reborn (in Swedish: “Magi eller vetenskap?” Renaessans for
slagrutan) Dagens Nyheter, October 28, 1979.
25. Nordell, B., The dowsing reaction originates from piezoelectric effect in bone. Paper presented at
the 6th International Svedale Symposium on Ecological Design (in Swedish) Svedale, Sweden,
1988.
26. Hansen, G.P., Dowsing: A review of experimental research. The Journal of the Society for
Psychical Research, 51, 343–367 (1982).
27. Rocard, Y., The signal of the water finder (in French: “Le Signal du Sourcier”), Dunod, Paris,
France, 1964.
28. Nicolas, J. Jacob’s Rod (in French) Lyon, France, 1693.
29. Popescu, E. A Model for Seismic Movement Propagation: The Case of Crustal Seismic Sources
(in Romanian) Editura Granada, Bucuresti, Romania, 2010.
30. Popescu E., C. Neagoe, M. Rogozea, I.A. Moldovan, F. Borleanu, M. Radulian, Source
parameters for the earthquake sequence occurred in the Ramnicu Sarat Area (Romania) in
November – December 2007, Rom. Journ. Phys., 56, 1–2, 265–278 (2011).
31. Tugui, A., M. Craiu, M. Rogozea, M. Popa, M. Radulian, Seismotectonics of Vrancea (Romania)
zone: the case of crustal seismicity in the foredeep area, Romanian Reports in Physics, 61,
325–334 (2009).

