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Abstract. We present the study of the earthquakes sequence from 25 June to 6 July
2020 occurred in the western South Carpathians. The main shock had Io = V° MSK,
Mw = 4.1, occurred at h = 16 km, was preceded by a foreshock (Mw = 3.2) and has 16
after-shocks (Mw = 1.6–4.1) concentrated in the depth range 14–21 km. The focal
mechanisms are characterized by strike-slip faults and P axes oriented N76°E. The
causative fault is dextral strike-slip oriented NE-SW, known as Cerna–Jiu Fault. The
macroseismic data partially match the intensities attenuation and conversion accelerationintensity relationships.
Key words: earthquakes, macroseismic intensity, acceleration, focal mechanism.

1. INTRODUCTION

The Orsova area, where the seismic sequence occurred between June 25 and
July 6, 2020, is located in the western part of the Southern Carpathians. The most
important seismically active structures in the region are located along the Oravita–
Moldova Noua Fault System (OMNFS), at the contact between Carpathian Orogen
and the Pannonian Depression and along the Cerna–Jiu Fault System (CJFS), at the
contact with the Getic Depression (Fig. 1a). Important earthquake sequences are
known in the Moldova Noua area (1879–1880, main shock in 10.10.1879,
Mw = 5.3, [1]), Oravita (1894, main shock in 19.12.1894, Mw = 5.3, [2]) and Baile
Herculane–Mehadia (July 1991, main shock on 18.07.1991, Mw = 5.7 [1]).
Recent seismic activity, observed in the last years, has manifested as
earthquakes sequences located both in the area of Moldova Noua–Oravita (April–
August 2002, [3]) and in the area of the Timis–Cerna Valley, in the Caransebes
Mehadia Depression and the Hateg Basin, North of the epicentral area of the strong
earthquake of 18.07.1991, Mw = 5.7, e.g. earthquakes sequences from 31.10.2014–
20.02.2015, 23.11–28.12.2015, 27.07–28.08.2016 [4–6].
Between June 25 and July 6, 2020, the Romanian Seismic Network recorded
in the Bahna–Orsova Depression an earthquakes sequence associated with a main
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event having Mw = 4.1. Our paper presents a detailed study of this sequence based
on high quality macroseismic and instrumental data as a contribution to a better
knowledge and understanding of seismotectonic processes at the contact between
South Carpathians and Getic Depression. We teste the intensity attenuation
relationship developed for the Intra-Carpathian region of Romania by [7] and also
improve the intensity estimation procedure through web-internet technology and
the acceleration-intensity conversion relationship.
2. GEOLOGICAL AND TECTONIC
FRAMEWORK

The studied earthquakes sequence occurred in the western South Carpathians,
within a Neogene basin, namely Bahna–Orsova Depression. The geological structures
in this area are mainly composed pre-Neogene (Dacides) basement formations
(Fig. 1b) arranged in stacks of nappes, called Getic Nappe (Middle Dacides), the
Danube Unit (Marginal Dacides) and Severin Nappes (External Dacides). These
structural entities overlap along NNE-SW oriented tectonic planes and together
they are pushed over the Moesic Platform [8]. Locally, they are crossed by magmatic
bodies and covered by post-tectogenetic structures (e.g. Cerna-Jiu Graben) or Neogene
depressions such as Bahna–Orsova, Bozovici, Sichevita basinal structures [8]. The
tectonics is dominated by CJFS, with parallel faults, oriented NNE-SSW, locally
segmented by orthogonal faults and possible associated with secondary faults and a
fracture system developed in its upper part. Along the Timis–Cerna Valley the
southern segment of Caransebes–Lugoj–Zarand Fault, CLZF develop on NS
direction (Fig. 1b). The Cerna-Jiu Fault, an almost vertical fault, was reactivated as
dextral strike-slip fault during the pre-Alpine and Alpine tectogenesis. It borders
the Cerna–Jiu Graben that can be followed towards NE for a distance of 120 km
and about 100 km to the South [8].
The Orsova Depression is a pull-apart basin formed by the Paleogen –Quaternary
right – lateral movements of CJFS [6] and is bordered on the SE flank by the
Timoc Fault System, TkFS, parallel to CJFS (Fig. 1b).
3. SEISMIC ACTIVITY AND SEISMOTECTONIC
CHARACTERISTICS

The seismic activity model, defined by the distribution of earthquakes with
M ≥ 3.0 shows a clear trend to group in 2 zones, one in the West, with important
events (Mw ≥ 4) located along the OMNFS and the other in the East, on an NS
oriented alignment, with major events (M ≥ 5) in the Mehadia area (Fig. 1).
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Fig. 1 – a) Seismicity of Romania (Mw ≥ 3.0, 1984–2020) according to the Romplus catalogue [1]
(continuously updated at www.infp.ro); b) detail A: earthquake distribution with Mw > 1.0 (without
explosions – yellow filled circles); red filled circles are the events of the Bahna–Orsova sequence;
the main sequences located near it are also marked; faults (black lines) are from [16]; OD – Oravita
Depression, SiD – Sichevita Depression, BoD – Bozovici Depression, BOD – Bahna–Orsova
Depression, CMD – Caransebes–Mehadia Depression, CJFS – Cerna–Jiu Fault System, TkFS –
Timok Fault System, CLZF – Caransebes–Lugoj–Zarand Fault, OMNFS – Oravita–Moldova
System, PD – Pannonian Depression, GD – Getic Depression (Color online).
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Taking into account all earthquakes with magnitude Mw ≥ 1.0 from [1] several
clusters can be defined at fault intersections or on the marginal faults of some Neogene
depressions [5, 9]. Thus, it can be seen from Fig. 1b: 1) clusters associated with the
seismic sequences from July–August 1991 and from 1998–1999 located on CJFS,
with a main shocks on 18.07.1991 (Mw =5.7) and 10.01.1998 (Mw = 3.9), respectively
[2, 10]; 2) clusters from the Caransebes–Mehadia Depression produced WNW-ESE
alignments during 31.10.2014–20.02.2015, 23.11.2015–28.12.2015 and 27.07.2016–
28.08.2016 [6]; 3) clusters on OMNFS [1, 2, 3]. The strongest earthquakes occurred
at Moldova Noua (10.10.1879, Mw = 5.8), Oravita (19.12.1879, Mw = 5.3) and at
Mehadia–Baile Herculane (11.10.1910, Mw = 5.3 and 18.07.1991, Mw = 5.7) [1, 2, 10].
The maximum horizontal stress (Shmax) in the region has NE general direction and
the tectonic regime vary from extensive in the West to transtensive in the East and
transpresive in the NE [3, 7, 10, 17].
4. DATA AND METHOD

We used macroseismic and instrumental data to estimate the intensities in
different localities and to locate the hypocenters, determining Mw and the focal
mechanisms solutions, respectively. These data were collected from: i) 240 online
questionnaires administered and processed by National Institute for Earth Physics
(NIEP) and 6 classic questionnaires received by email from administrative
institutions and individuals; ii) 34 testimonies from EMSC (https://www.emsccsem.org/Earthquake); iii) seismograms and accelerograms registered by the
Seismic Network of NIEP.
The macroseismic data gathered form questionnaires have been interpreted
using the criteria of the MSK macroseismic scale [11, 12]. The macroseismic
intensities estimated by the analyst, Iobs and through web-internet technology, Iweb
or by acceleration-intensity conversion algorithm, IPGA are used to investigate the
macroseismic field and the intensity attenuation with magnitude and hypocentral
distance. The web-internet method of estimating intensity and the acceleration-intensity
conversion algorithm have been critically analyzed to test, improve and validate
them. We also tested the recently calibrated intensity attenuation relationship of [7]
for the Intra-Carpathian region:
Ii = 1.94 (±1.04) + 1.961 (±0.17) Mw + 0.004 (±0.003) Dih − 4.57 logDih

(1)

with R2 = 0.93, σ = 0.4.
All earthquakes were relocated using high quality instrumental data, the velocity
model determined by [10] for western Romania (Table 1) and the “hyp” routine
from the Seisan package [13]. The magnitude Mw was calculated with the scalar
moment method or by the conversion Mw = f (ML) relationship (2) of [10].
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Table 1
The velocity model used to relocate the earthquakes of the Orsova sequence, June 25 – July 6, 2020
No
layer

Depth
(km)

Thickness
of layer
(km)

vP
(km/s)

vP/vS

1
2
3
4
5
6

0
20
31
40
50
60

20
11
10
10
10
10

5.582
6.503
7.966
8.010
8.150
8.500

1.74

Mw = 0.10 (±0.02) ML2 + 0.15 (±0.18) ML + 1.69 (±0.31)

(2)

with R2 = 0.93, devstd = 0.45, N = 71 events, ML = 1.3 – 5.7, Mw = 2.0 – 5.9.
Focal mechanism solutions were estimated with a version of HASH program
of [14, 15] from Seisan, that uses P wave polarity and SH/P amplitudes ratios.
5. RESULTS AND DISCUSSIONS
5.1. SEISMIC ACTIVITY AND SEISMOTECTONIC FEATURES

The 16 events with Mw = 1.6 – 4.1, h = 14.2 – 20.9 occurred between June 25 and
July 6, 2020 were relocated, for 15 of them also estimating the mechanism solutions
(Table 2). The number of stations used in relocation varies from 4 to 50 stations,
RMS from 0.2 to 0.6 and GAP from 70° to 230°. Only the events of 25.06.2020, at
18:10 and 17:55 located with 4 and 6 stations have GAP of 236° and 230°
respectively. The depth is well constrained with the average ratio err_h / h = 0.15
(min = 0.09, max = 0.31).
The distribution of relocated epicenters is displayed in Fig. 2. The epicenters
cluster at the intersection of two fault systems, one oriented NE-SW that borders
the Bahna–Orsova Depression (North Orsova Fault, NOF and South Orsova Fault,
SOF) and the other oriented approximately NNE-SSW as the southern segment of
CJFS. We also note, in detail, 2 clusters, A and B, elongated NS on 2 parallel
alignments and concentrated on 2 levels of depth. Cluster A is located at the
intersection of CJFS with NOF at an average depth of 15.9 km, and includes the
foreshock (25.06.2020, Mw = 3.2, h = 14.2 km). Cluster B is located at an average
depth of 20 km, at the intersection between an overthrust fault oriented NNE-SSW
and NOF and contains the main shock from 25.06.2020 (Mw = 4.1, h = 16.0 km).
The depth of the foci generally decreases to the south of the epicentral area
(h < 15.5 km). The time evolution of the fault is marked first by a migration of
hypocenters from SW to NE, along NOF (events 1, 2, 3, 5) and in depth from
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h = 14.2 km to h = 20 km, then a migration from NNW to SSE along CJFS (events
6, 7, 8, 9, 10) with larger depths in North (h = 20.9 km) and smaller in South
(h = 16.9 km). At the end of the sequence the hypocenters migrate randomly in a
direction approximately NS (events 11, 12, 13, 14, 15, 16) along the overthrust
fault with the same orientation (Fig. 2).
Table 2
Focal parameters and focal mechanism solutions for the earthquakes belonging to Orsova sequence.
Strike/Dip/Rake are the parameters of first nodal plane, NP1
No.

Date
dd/mm/yyyy

Time (UTC)
hh mm ss.s

Lat
(°N)

Long
(°E)

Depth
Mw
(km)

Strike Dip
(°)
(°)

Rake
(°)

Q

1. 25.06.2020 14 20 52.2 44.716 22.343
14.2 3.2
224
66 –171
B
2. 25.06.2020 17 30 16.3 44.743 22.382
16.1 4.1
224
76 –176
A
3. 25.06.2020 17 36 7.7 44.727 22.357
17.1 3.3
233
81 –176
A
4. 25.06.2020 17 36 46.7 44.735 22.435
14.7 3
215
86
170
A
5. 25.06.2020 17 55 44.8 44.748 22.391
20.0 1.7
237
40 –154
A
6. 25.06.2020 18 10 13.8 44.818 22.341
16.5 2.0
18
88
156
C
7. 25.06.2020 18 43 9.7 44.770 22.378
20.9 1.9
25
81
163
C
8. 25.06.2020 21 35 34.2 44.755 22.377
20.1 2.3
222
69 –169
C
9. 25.06.2020 22 20 20.5 44.745 22.352
17.0 1.7
218
42 –167
A
10. 26.06.2020 2 17 24.4 44.719 22.342
16.9 3.6
315
14
62
A
11. 26.06.2020 4 10 7.2 44.706 22.389
17.8 2.1
214
36 –174
B
12. 28.06.2020 7 28 25.6 44.687 22.381
15.2 1.6
264
30
–11
C
13. 29.06.2020 21 39 1.6 44.734 22.372
20.1 2.0
198
52
163
C
14. 30.06.2020 14 0 24.6 44.749 22.343
17.1 2.4
222
69 –166
A
15. 01.07.2020 0 30 31.1 44.775 22.369
19.9 1.9
–
–
–
–
16. 06.07.2020 1 42 54.6 44.714 22.376
16.7 2.0
0*
88* 139*
C
*
focal mechanism solution computed only with the polarities of P waves. Q are the quality indexes
after World Stress Mpa Project recommendations (http://www.world-stress-map.org/) with A the best
solutions

The solutions of the focal mechanisms are characterized by nodal planes NP1
and NP2 with two predominant directions, NE-SV and NV-SE, respectively, and
one secondary, NS. All fault planes are almost vertical (dip > 65°) (Fig. 3, Table 2).
For the first phase of the sequence, NP1 is oriented NE-SW and the faulting is
dextral strike-slip, except for the event with no. 5, the deepest one (h = 20 km), for
which the fault is dextral strike-slip with normal component (Fig. 3b and Table 2).
For the second phase the NP1 orientations reflect a more complex reactivated
structure. Thus, the fault plane of the marginal events (6, 7, 10) is oriented
approximately NS with dextral strike-slip faulting to events in North and reverse to
the one in South, the strongest aftershock of the sequence (Mw = 3.6). The central
events (8, 9) have similar faulting to those in the first phase of the sequence,
suggesting the rupture on NOF. In the final phase, NP1 of events 12, 13, 16 are
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approximately NS oriented and the faulting vary from strike-slip to strike-slip with
reverse component. Events 11 and 14 show a faulting style similar to that of the
first phase of the sequence (Fig. 2 and Fig. 3b).

Fig. 2 – Seismotectonic sketch of Orsova area. Epicenters: the shape and size of the symbols
are proportional to the magnitude of Mw and the color reflects the variation of the depth of the foci.
The numbers indicate the chronological order of the events (the colors correspond to the different
phases of the sequence). Tectonics after [8, 16] and Geological Map of Romania (1:200 000):
continuous black and blue lines are crustal faults; dotted black lines are reverse faults (nappes
contacts). TkFS, Timok Fault System; NOF, North Orsova Fault; SOF, South Orsova Fault;
BOD, Bahna–Orsova Depression (dashed blue lines are the limits of depression).
Focal mechanism solutions: A, B, C are the quality classes, 1–12 are the current
numbers in Table 3, the last 3 digits are Strike, Dip, Rake.
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The P and T axes of the focal mechanism are relatively invariable in azimuth,
with average values of N76°E, respectively N175°E and with general plunges
under small angles of about 20° for the P axis and below 10° for the T axis (Fig. 4).
a)

NP1

b)

Fig. 3 – a) Rose diagrams of the average parameters of the focal mechanism solutions;
b) strike and rake of the nodal plane NP1.

Fig. 4 – Rose diagrams for P, T and B.
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Both the values of these parameters and their variation within very narrow
limits fall within the stress field model in the region [17], a model characterized by
the NE-SW orientation of Shmax and by a high level of homogeneity.
If we take into account the relatively constant geometry of the faults reactivated
during the analyzed sequence and of the axis of the moment tensor, including the
persistence of the compressive tectonic regime with strike-slip faults, as well as the
preferential distribution of hypocentres in the 3D space we can interpret that the
reactivated structure by NE oriented tectonic forces, originating in the collision
area of African and European plates without any local influence, is simple, with a
small number of fractures and secondary faults.
By these characteristics, the Orsova sequence differs from other sequences
recently studied in the Timis–Cerna Valley. Thus, for example the sequence from
31.10.2014–20.02.2015 occurred in the area of the Caransebes–Mehadia Depression
had more aftershocks (N = 86) associated with a main shock with Mw = 4.1 just like
the one in the sequence studied here, but with a strike-slip fault with a large normal
component striking approximately EW as [5] and [18] described. Moreover, both
the greater number of aftershocks with shallow depths (h < 10 km) and the faulting
features suggest a more complex reactivated structure, with more secondary active
faults and fructures unconnected in a master fault.
5.2. MACROSEISMIC EFFECTS

The results on macroseismic and instrumental (soil acceleration) observations
obtained by us are presented in Table 3 and Fig. 5. It should be noted that only
18% of the questionnaires come from more than 3 observers which substantially
alters the result of our analysis since the mandatory condition of the scale of
macroseismic intensities is not fulfilled, i.e. the intrinsic statistical character of the
macroseismic intensity is not respected. For example, [19] explicitly mentions as a
guideline in using the EMS98 scale the establishment of a sufficiently large sample
of observations in a locality to avoid the influence of local effects, but not so large
as to lose details showing variations local effects of the earthquake.
The data received from observers in 31 localities generally refer to the
characteristics of the seismic movement perceived by people (they felt the earthquake
or not, the duration of the seismic movement and the number of noticeable shocks,
the position during the earthquake and the floor where observers were), on animals
(20%) and on objects in buildings (43%). There are only two localities where effects
on the constructions were noted “large cracks in plaster”, in Orsova at a distance of
2.3 km and azimuth N149°E and “thin cracks in plaster” in Resita at a distance of
73.8 km and azimuth N32°W, respectively.
Unfortunately, there is no data on the nature of the soil in these locations (soil
or rock, wet or dry, hillside or plain), especially for Resita where it is possible
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either to have significant local effects or is an exaggerated report that should
be neglected. Although, most of the observation data obtained in the epicentre,
(Orsova, N = 8, Die = 2.3 km, Dih = 16.2 km), closest to the instrumental epicenter,
corresponded to intensities II–III < I < IV° MSK, and effects on buildings were reported
in a single questionnaire we estimated Imax = IV–V° MSK and Io = V° MSK. Io was
estimated taking into account 1) the maximum acceleration at HERR station,
Dih = 22.7 km (PGA = 71.2 cm/s2) equivalent to IPGA = VI° MSK and 2) the value
I = IV–V° MSK computed with the relation (1) for Mw = 4.1 and h = 16 km. Then,
a report notes effects on the environment: “At the surface of the water waves form and
become cloudy, subsidence of river banks”, information that, even if not complete
not specifying where the observation was made (lake, river), the approximate size
of waves and collapsed parts of the banks, supports the value Io = V° MSK according
to ESI 2007 scale [20].
The macroseismic effects were generally reported by people on the upper
floors of multi-storied buildings, which required a careful analysis in order not to
overestimate Iobs and consequently we reduced the final intensity by 0.5–1°. With
this reduction Iobs were often much different from those estimated by web-internet
technology (Fig. 5b), but considering the correlation of data with the attenuation
relationship (1) we consider that it was done correctly. Another cause of the differences
Iobs–Iweb can be related to environmental/natural conditions (city, village, mountain,
plain, inside, outside, housing, private homes, etc.), in our case large differences
being especially at large distances and for small intensities, often at the limit of
perception (I = II–III° MSK). When the observed effects are easier to be included
in a specific intensity degree on macroseismic scale (I = IV° MSK) the Iobs–Iweb
differences are smaller or even null. There are cases when is reported “many/few
people felt the earthquake”. Then, the analysis must be done with caution as the
earthquake occurred in the evening at 09:30 p.m. local time when probably some of
the people were asleep and most likely the reporter’s information is based on
family members and their neighbors, “many or few”. Now, the statistics become
uncertain, the people included in the report on the one hand belong to a limited
sample and on the other hand did not feel the earthquake because they were asleep
and the earthquake was not strong enough to wake them.
Thus, as a conclusion, the problem that must be solved to reduce/eliminate
these differences between Iobs and Iweb through improving the online procedure of
automatic estimation of intensity based on questionnaires. The solution we propose
is, in a first stage, of implementation of some correction coefficients depending on
the floor on which the observatory was located, environment characteristics, origin
time (night or day) and the number of questionnaires, a solution that will
subsequently be tested and validated with other observation data.
Figure 5a shows the distribution of Iobs estimated for the main shock of the
sequence. The maximum intensity observed is Imax IV–V° MSK with 0.5 degrees
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lower than Io computed above. This highlights an apparently regular pattern,
specific to western Romania as [10] described which, on the one hand, reflects the
gradual attenuation of macroseismic intensities with the increase of distance from
the epicenter and, on the other hand, underlines the directivity of the source by
distributing localities with maximum intensities on NNE-SSW oriented alignment,
parallel to the causative fault. It is also observed that the attenuation is stronger at
small distances from the epicenter and decreases consistently at long distances,
although in the second case the observers are located in the plain area, with layers
of unconsolidated sediments on the surface that amplify the seismic movement.
The attenuation curves expressed analytically by logarithmic relations (Fig. 5c)
highlight first of all a very good correlation between the relations (1) and the
relationship based on IPGA validating both relationships. The deviation between the
2 curves falls within the range of uncertainty with which the intensities are
obtained using field observations (± 0.5 degrees of intensity) [19]. In both cases, it
is estimated that an earthquake with Mw = 4.1, produced at a depth h = 16 km can
be felt at an average distance Dih = 100 km, as confirmed by the observation data
(Iobs, Iweb) in Fig. 5a. Interestingly, all attenuation relationships inferred from the
data obtained in our study give an average value Io = V° MSK (Io = IV–V° MSK
for Iobs and Iweb and I = V–VI° MSK for IPGA). So we could use the three relationships
to estimate Io, thus validating the relationship (1). The attenuation curves plotted based
on Iobs and Iweb follow the trend of IPGA curve and respectively of the theoretical
attenuation curve, hereinafter referred to as the Ic curve (intensity calculated with
relation 1), in a field near Dih < 50 km. At longer distances the curves tend to
flatten suggesting a much lower attenuation than estimated by the regional model
(relation 1) or by converting the acceleration to macroseismic intensity, the earthquake
being felt up to 300 km away (Bucharest, I = I–II° MSK). We observe that if we
increase the magnitude to Mw = 4.6 and Mw = 4.8 the Ic curves overlap over the IPGA
and Iobs curves, respectively (Fig. 5c). However, Mw = 4.6 and Mw = 4.8 give, with
the relationship (1), intensities in the epicentre abnormally high compared to the
observation data, respectively Io = V–VI° MSK and Io = VI° MSK. Given that both
macroseismic (Iobs) and instrumental (Mw =4.1) data lead to similar results in terms of
intensity in the epicenter (Io = V° MSK), and the value of acceleration corresponds to
an intensity that cannot be proven with field observations (Io > VI° MSK), we take
into account the possibility that the accelerometer from the HERR station could be
uncalibrated or some local effects have to be considered. In context, the Iweb curve
is not relevant given the significant differences Iweb–Iobs mentioned above (Fig. 5b).
These observations point out, on the one hand, the uncertainties with
which the intensities are estimated based on accelerations either due to the algorithm
that requires a revision or possible uncalibrated values on some instruments
(accelerometers) that require a calibration to assess and eliminate/reduce local
effects.
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Table 3
Estimated macroseismic intensities (Iobs) and the maximum accelerations. Iweb and IPGA
are the intensities estimated through web-internet technology and by acceleration
conversion using NIEP algorithm, respectively
Locality

Lat N LongE Iobs
No Iweb
IPGA Die Dih PGA Dih*
σ
(°)
(°) (°MSK)
obs (°MSK) (°MSK) (km) (km) cm/s2) (km)

Baile
44.879 22.414 IV
1
V
VI
Herculane
Beograd
44.786 20.449
II
1
Bocsa
45.375 21.711 III
1
III
Bozhurishte 42.753 23.192 II–III
1
Bozovici
44.926 21.999 III–IV
1 IV–V
Bucuresti
44.427 26.104 I–II
1 III–IV
I
Calafat
43.990 22.934 II–III
1
III
III
Calafat
43.990 22.934
II
Craiova
44.337 23.821
II
0.7 5 III–IV
I
Deva
45.879 22.914 IV
1 IV–V
II
Turnu
44.627 22.668 IV 0.5 22
IV
IV
Severin
Turnu
44.627 22.668
III–IV
Severin
Eselnita
44.702 22.363 IV–V
2
V
Gogosu
44.371 22.595 III–IV
1
II
III
Gura-Vaii
44.650 22.555 IV–V
1
Ilovat
44.811 22.763 III–IV
1 III–IV
Iablanita
44.965 22.297 IV
1
IV
Krakujevac 44.018 20.91 II–III
1
Masloc
45.998 21.458
I
1
I
Orsova
44.725 22.397 IV–V 0.3 8 IV–V
Palilula
44.918 20.46
II
1
Pitesti
44.862 24.868
II
1
Ploiesti
44.915 25.994
I
1
Resita
45.304 21.882 II–III 0.9 8 III–IV
III
Svinita
44.548 22.078 IV
1
IV
Timisoara
45.759 21.230
I
1
I
I
Toplet
44.799 22.395 IV–V 0.0 3
IV
Valiug
45.235 22.033 III–IV
1
III
Vladesti
45.122 24.302
I
1
I
Vratsa
43.188 23.555 II–III
1
Vulcan
45.381 23.291
II
1 II–III
Zajecar
43.902 22.271 IV
1
Zavoi
45.524 22.408 III–IV
1 II–III
Die/Dih, epicentral / hypocentral distance (km)
*
Dih for accelerometers, Station, stations with accelerometers

15.3 22.1 71.2
153.1 153.9
87.9 89.3
230.5 231.1
36.5 39.9
297.6 298.0
94.5 95.8
94.5 95.8
122.9 123.9
133.0 134.0

0.1
3.0
1.5
0.5
0.9

Station

22.73 HERR

290.85 SGRR
111.51 BAIL
122.82 KOZAM
126.05 DJISU
134.92 DEV

26.1 30.6 8.7

30.22 RMGR

26.1 30.6 5.2

29.47 MHISU

4.8 16.7
44.7 47.5 4.1 68.89 PUNG
17.2 23.5
31.1 35.0
25.5 30.1
142.3 143.2
157.1 157.9
2.3 16.2
153.2 154.0
197.1 197.7
286.2 286.6
73.8 75.5 3.8 75.89 RSTR
35.0 38.5
144.7 145.6 0.6 144.59 TIM
6.3 17.2
61.2 63.3
157.3 158.1
196.8 197.4
100.8 102.1
93.9 95.3
86.7 88.2
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a)

b)

c)

Fig. 5 – a) Distribution of observed macroseismic intensities, Iobs for the earthquake of 25 June 2020,
h = 16 km, Mw = 4.1; right: the detail (A) of the distribution; dotted gray line is the fourth-degree
isoseismal; b) Iobs–Iweb differences; Iobs, observed intensities estimated by the analyst; Iweb,
the intensities estimated automatically; c) variation of macroseismic intensity with
hypocentral distance. Curves and attenuation relationships are differentiated by color
IPGA, the intensity estimated from the maximum observed accelerations
(after www.infp.ro); the dashed lines are the attenuation curves
calculated with relation (1): black for Mw = 4.1, red for
Mw = 4.6, blue for Mw = 4.8 (Color online).

On the other hand, both the high uncertainties with which the intensities in
the far field are estimated and the wrong quantification of the intensities for Dih >
100 km are obvious, a situation in which we consider that the observed effects
should be expressed by the term “felt” without any intensity value.
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Figure 6 shows the distribution of maximum accelerations (PGA) recorded
by 45 stations of the Romanian Seismic Network operated by NIEP.

≥ III

≥ IV

I

≥ II

Fig. 6 – Distribution of the maximum accelerations (PGA) recorded by the seismic stations
of the Romanian Seismic Network (after www.infp.ro).

The distribution model is, generally, similar to that of the intensities from
Fig. 5a in terms of the shape of the isolines plotted for IPGA ≥ II° MSK, IPGA ≥ III°
MSK and IPGA ≥ IV° MSK, the areas delimited by these isolines having the same
elongated shapes in the NNE-SSW direction, most likely determined by the source
directivity effect. We note that in the case of two stations there are large
differences between IPGA and Iobs. In the case of HERR station IPGA is 1 degree
higher than Iobs and in the case of DEV station IPGA it is 2 degrees lower than Iobs.
These differences are most likely caused by local effects and/or technical problems
of the accelerometer in the case of the HERR station as we mentioned above and
possible exaggerations of the observer who reported the macroseismic effects
observed in the city of Deva (location of the DEV station).
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6. CONCLUSIONS

Our paper gives new data for knowing and understanding the seismotectonic
processes in the western extremity of the South Carpathians that appear to be
controlled by the activity of the CJFS oriented NE-SW, the southern segment of the
CLZF, oriented N-S and NOF-SOF system that border Bahna-Orsova Depression.
The seismic sequence studied in this paper, consists of 16 earthquakes with
Mw = 1.6–4.1, occurred in a relatively compact crustal volume (8 × 13 × 7 km),
simple faulted and elongated to the North. Our results show a migration in time and
space of seismic activity highlighting at least two homogeneous systems of
approximately orthogonal faults, which border the Bahna–Orsova Depression.
The strike-slip faults are predominant and appear to be reactivated under a
homogeneous stress field characterized by N76°E azimth of the P-axis, similar to
the orientation of the SHmax controlled by the Africa-Europa collision.
The distribution of macroseismic intensities and maximum accelerations
recorded for the main shock define elongated areas on the NE-SW direction parallel
to the estimated cauzative fault (NP1 in the focus mechanism solution).
The attenuation of IPGA is comparable to the Ic attenuation estimated by the
relationship recently calibrated at the level of the Intra-Carpathian Region by [7],
but it is different from the attenuation tendency of the observation data obtained in
this study, possible as a result of local effects.
Our results validate the coefficients obtained by [7, 21] for the attenuation
relationships used by MEEP [22] and Bakun and Wenthworth [23] methods for
locating and estimating Mw. The macroseismic location obtained with the MEEP
method is close to the instrumental one (difference of 1.3 km), the depth calculated
with Blake’s relationship [7] is greater than the instrumental one by 3.4 km, and
Mw is overestimated only by 0.3 u.m.
The results obtained in this paper bring additional information and solutions
of great value to improve 1) the procedures of real-time intensity estimation and
2) the acceleration-intensity conversion algorithm necessary for the realistic evaluation
of the local seismic hazard and risk.
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