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ABSTRACT	

Significant	 advancements	 in	 earthquake	 monitoring	 were	
made	thanks	to	the	recent	developments	of	the	Romanian	Seismic	
Network	 (RSN).	 Improved	 event	 detection	 and	 location	 have	
resulted	 in	 denser	 and	 higher-quality	 data	 sets.	 This	 gives	 us	 the	
opportunity	 to	 develop	 a	 new	 1-D	 velocity	 model	 for	 the	 South-
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Western	Carpathian	Bend	Zone,	a	region	with	a	high	potential	 for	
local	 seismic	 hazard.	 The	 new	 velocity	 model	 and	 corresponding	
station	corrections	are	obtained	through	travel	time	inversion	of	P	
and	 S-waves	 using	 the	 VELEST	 algorithm.	 We	 started	 with	 a	
modified	version	of	an	earlier	velocity	model	and	selected	a	set	of	
high-quality	 recordings	 from	 the	 595	 crustal	 earthquakes	 with	 at	
least	 ten	 P-wave	 picks	 and	 a	 maximum	 azimuthal	 gap	 of	 1800	

between	 stations	 surrounding	 the	 epicenter.	 The	 resulting	
earthquake	distribution	 and	 station	 corrections	 show	an	 excellent	
correlation	with	the	local	geology	and	vary	between	−	0.39	s	and	+	
1.16	s.	The	relocated	hypocenters	are	mostly	distributed	in	the	upper	
crust,	 revealing	 at	 least	 two	 clusters	 of	 events	 with	 potential	
anthropic	 origins.	Our	 results	 also	 show	more	 accurate	 locations,	
with	up	to	42,5%	decrease	in	RMS	location	errors.	
	
Keywords:	 velocity	 model,	 seismic	 activity,	 South	 Western	
Carpathians	

INTRODUCTION	

Seismic	 activity	 in	 Romania	 is	mainly	 distributed	 along	 the	
Carpathian	Orogen,	with	the	greatest	concentration	at	the	bending	
of	the	Southeastern	Carpathians,	in	the	Vrancea	region.	In	this	area,	
crustal	 seismicity	 overlaps	 the	 intermediate-depth	 earthquakes	
which	cause	the	largest	deformations	due	to	the	occurrence	of	2	to	4	
large	magnitude	 events	 (M	>	 7)	 each	 century,	 posing	 the	 greatest	
seismic	 risk	 in	 Eastern	 Europe	 (Petrescu	 et	 al.,	 2021,	 Ionescu	 et	
al.,2022).	 Although	 Vrancea	 is	 the	 most	 active	 seismic	 area	 in	
Romania,	significant	crustal	seismic	activity	also	affects	the	South-
Western	 Carpathian	 Bend	 Zone	 (SWCBZ),	 a	 high	 Earthquake	
potential	region,	as	previous	studies	have	shown	(Oros	2004,	Placinta	et	
al.,	2016,	Oros	et	al.,	2021).	In	this	area,	seismic	activity	(Figure	1)	is	linked	
to	the	active	tectonic	deformation	and	is	concentrated	along	pull-apart	
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basins	as	a	result	of	the	dextral	movement	of	the	Carpathians	Orogen	
relative	to	the	Moesian	Platform	(Popa	et	al.,	2018).		

	

	
	

Figure	1	-	a)	Main	tectonic	features,	crustal	and	intermediate-depth	seismic	activity	
(2015-2021)	based	on	the	ROMPLUS	catalog	and	RSN	stations	distribution	(yellow).	
The	black	polygon	marks	the	limits	of	the	study	area.	b)	an	overview	of	the	study	area	
showing	the	distribution	of	seismic	stations	(yellow	triangles)	and	epicenters	(in	green	
-	Mw<3	and	red	-	Mw>3	events),	as	well	as	the	main	faults	identified	in	the	region.	CJF-
Cerna	Jiu	Fault	System,	OMNF-Oravița-Moldova	Nouă	Fault	System.	
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Many	 of	 the	 earthquakes	 generated	 in	 the	 South-Western	
Carpathian	Bend	Zone	region	is	distributed	on	NNE-SSW	fault	systems	
dipping	to	the	west,	such	as	the	Oraviţa-Moldova	Nouă	and	Cerna-Jiu	
(Figure	1),	two	notable	crustal	faults	that	shape	the	region	(Oros	2004,	
Placinta	et	al.,	2016,	Popa	et	al.,	2018,	Mitrofan	et	al.,	2020,	Oros,	2021).	

Previous	research	that	investigated	the	crustal	structure	in	this	
region	relied	on	either	classical	methods,	such	as	seismic	refraction	
or	 reflection	profiles	 (Enescu	et	 al.,	 1992,	Tesauro	 et	 al.,	 2008),	 or	
more	modern	techniques,	such	as	local	body	wave	or	ambient	noise	
seismic	 tomography	 (Zaharia	 et	 al.,	 2017,	Ren	et	 al.,	 2012)	or	 joint	
inversion	 of	 dispersion	 curves	 and	 receiver	 functions	 (Bala	 et	 al.,	
2019,	Petrescu	et	al.,	2019).	

Based	 on	 the	 advancement	 in	 seismic	 monitoring	 in	 the	
SWCBZ	area	as	a	result	of	the	expansion	of	the	RSN	(Marmureanu	et	
al.,	2021),	595	well-located	local	crustal	events	were	extracted	from	
the	 Romanian	 earthquake	 catalogue	 (ROMPLUS,	 Oncescu	 et	 al.,	
1999,	Popa	et	al.,	2022)	to	estimate	an	improved	1-D	velocity	model.	
The	new	model	will	be	used	 in	 the	 routine	process	of	 earthquake	
location,	 enhancing	 the	 image	 of	 the	 seismicity	 patterns	 and	
seismotectonics	processes	that	continuously	shape	this	region.	

DATA	AND	METHODS	

	To	 better	 understand	 the	 tectonic	 processes	 and	 crustal	
properties	in	such	a	complex	area,	we	chose	595	small	to	moderate	size	
(1	≤	Mw	≤	5)	crustal	events	(1	≤	H(km)	≤	20),	generated	in	the	South-
Western	Carpathian	Bend	Zone	area	between	2015	and	2021	(Figures	1,	
2).	The	events	were	selected	based	on	three	criteria	to	ensure	the	highest	
quality	velocity	model:	1)	a	minimum	of	ten	P-phases	for	each	individual	
earthquake;	 2)	 a	 location	 RMS	 of	 less	 than	 one	 second;	 and	 3)	 a	
maximum	azimuthal	gap	of	180	degrees.	The	events	were	recorded	by	a	
total	 of	 120	 short	 period	 and	broadband	permanent	 seismic	 stations	
operated	by	the	RSN.	The	seismograms	were	manually	picked,	resulting	
in	7365	P	and	7440	S-wave	arrivals.	To	determine	a	high-accuracy	1-D	
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velocity	 model	 and	 estimate	 station	 corrections	 by	 minimizing	 the	
misfit	between	 the	arrival	 times	and	model	predictions,	 the	 selected	
data	were	inverted	using	the	VELEST	algorithm	(Kissling,	1988;	Kissling	
et	 al.,	 1994;	 Kisling,	 1995)	 embedded	 within	 the	 SEISAN	 package	
(Havskov	and	Ottemoller,	1999).		To	run	the	inversion,	we	use	both	P-	
and	S-wave	travel	time	data	and	employ	the	following	velocity	models	
as	input:	1)	we	started	with	an	earlier	velocity	model	developed	for	this	
area	2)	the	resulting	velocity	model	was	then	used	as	an	input	for	the	
following	 inversion,	 completing	 a	 total	 number	 of	 five	 runs.	 The	
reference	 station	 was	 chosen,	 Gura	 Zlata	 (GZR)	 due	 to	 its	 central	
position.	The	number	of	iterations	for	each	run	was	determined	based	
on	previous	research	(Raffaele	et	al.,	2004)	that	completed	the	inversion	
when	the	earthquake	locations,	station	corrections,	and	velocity	values	
did	not	differ	significantly	in	subsequent	iterations.	We	also	assumed	
that	 the	 velocity	 increases	 monotonically	 with	 depth,	 to	 prevent	
computational	bias.	

	
Figure	2	-	3-D	hypocenters	distribution	of	selected	seismic	events	
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Figure	3	-	Comparison	of	RMS	location	errors	for	selected	events	located	
using	initial	(red)	and	final	(blue)	velocity	models	

	

RESULTS	

The	VELEST	algorithm	was	run	on	the	selected	data	and	each	
of	the	five	initial	velocity	models,	generating	five	new	models.	We	
notice	 a	 reduction	of	 up	 to	 42,5%	 in	 the	 location	RMS	 for	 all	 the	
resulting	velocity	models	when	compared	to	the	average	RMS	of	the	
initial	model	(Figure	3).			

The	 resulting	models,	 as	well	 as	 the	RMS	 values	 obtained	 for	
event	 relocation,	 are	 comparable,	 indicating	 that	 these	models	 have	
converged,	which	is	in	agreement	with	the	results	of	previous	studies	
based	on	similar	approaches	(Kissling,	1995,	Popa	et	al.,	2001).	The	final	
model	was	selected	based	on	the	lowest	RMS	misfit	and	is	displayed	in	
Figure	4.	The	station	corrections	comprise	velocity	variations	caused	by	
topography	and	near	surface	structures	(Kissling	et	al.,	1995).		

According	to	earlier	studies	(Kissling,	1995,	Popa	et	al.,	2001),	the	
positive	symbols	in	Figure	5	correspond	to	the	region	of	low	velocities	
relative	 to	 the	 reference	 station	 and	 negative	 symbols	 indicate	 high	
velocity	regions.		The	final	1-D	velocity	model	(given	in	Table	1)	and	P-
wave	station	corrections	are	depicted	in	Figures	4	and	5.	
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Table	1.	The	final	1-D	velocity	model	was	obtained	using	the	VELEST	
algorithm	

Depth	(km)	 Vp	(km/s)	 Vs	(km/s)	

0	 5.82	 3.37	
12	 6.07	 3.52	

25	 6.37	 3.94	

35	 8.01	 4.36	

	

	
	

Figure	4	-	Starting	(red)	and	computed	(blue)	P	(solid	lines)	and	S	(dotted	
lines)-wave	velocity	models	used	as	 input	and	resulted	after	applying	the	
VELEST	algorithm	
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Figure	5	 -	Map	 showing	P-wave	 station	corrections	 for	 the	 final	 velocity	
model	determined	for	the	SWCBZ	area.	The	reference	station	is	GZR	(yellow	
star)	

	
Figure	5	shows	the	P-wave	station	corrections	relative	to	the	

reference	station	(Gura	Zlata,	GZR)	taking	into	account	stations	with	
at	 least	 50	 observations.	 	 Gura	 Zlata	 station	 was	 selected	 as	 the	
reference	 station	because	 it	 is	 located	 in	 the	 center	 of	 the	 South-
Western	Carpathian	Bend	Zone	area	and	has	the	largest	number	of	
observations	in	comparison	to	the	surrounding	stations.		

DISCUSSION	AND	CONCLUSIONS	

Compared	 to	 the	 initial	 velocity	model,	 our	 results	 indicate	
lower	P	wave	velocities	in	the	upper	and	middle	crust	(Figures	2	and	
4).	The	resulting	P-wave	velocities	for	deeper	depths	are	higher	than	
those	predicted	by	the	starting	velocity	model.	However,	because	the	
hypocenters	are	distributed	up	to	 the	middle	crust,	 for	 the	higher	
depths,	 the	 resolution	 of	 the	 new	 velocity	 model	 is	 considerably	
reduced.	It	is	worth	noting	that,	the	resulted	corrections	(relative	to	
GZR	 station,	 Figure	 5)	 show	 in	 general	 low	 amplitudes	 (values	
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smaller	 than	 1s),	 except	 Bucovina	 (BURAR),	 Medias	 (MDB)	 and	
Strehaia	(SRE)	stations	which	all	show	high	positive	values	(>1s).	The	
sign	and	the	amplitude	of	the	station	correction	are	mainly	related	
to	 geological	 structure.	 The	 large	 positive	 amplitude	 corrections	
highlighted	by	the	above	stations	can	be	explained	by	the	fact	that	
they	 are	 located	 in	 regions	 with	 complex	 geology	 at	 the	 contact	
between	major	tectonic	units	(Figure	1).	Our	results	are	consistent	
with	 previous	 studies	 (Popa	 et	 al.,	 2001).	 They	 estimated	 a	 1-D	
velocity	 model	 for	 the	 Vrancea	 region	 (Figure	 1),	 highlighting	
positive	 corrections	 for	 the	 stations	 along	 the	Carpathian	Orogen	
and	negative	corrections	for	stations	in	the	platform	areas.	

	
	

Figure	6	-	Seismic	stations,	epicenters	and	faults	distribution	in	the	SWCBZ	
area.	 The	 distribution	 of	 epicenters	 is	 shown	before	 and	 after	 relocation	
using	the	determined	1-D	velocity	model	

	
Using	the	new	1-D	velocity	model	(Figure	4	and	Table	1)	and	

the	 obtained	 station	 corrections,	we	 relocated	 the	 selected	 events	
using	Joint	Hypocenter	Determination	(JHD)	algorithm	(Kissling	et	
al.,	1994).	A	comparison	of	the	seismic	event	locations	obtained	using	
the	 initial	 and	 new	 velocity	model	 resulted	 from	 the	 inversion	 is	
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shown	in	Figure	6.	It	is	worth	noting	that	the	relocated	events	are	
better	 grouped	 in	 the	 horizontal	 plane,	 highlighting	 at	 least	 two	
clusters	of	events	(C1	and	C2	in	Figure	6).		

The	depth	variation	for	the	events	of	the	two	clusters	is	limited	
(between	0	and	2	km)	since	a	part	of	the	events	is	shifted	toward	the	
surface	 (Figure	 7).	 This	 is	 consistent	 with	 earlier	 studies	 that	
suggested	 that	 the	 ROMPLUS	 catalog	may	 be	 contaminated	with	
events	of	anthropic	origin	(Dinescu	et	al.,	2021).		

The	 comparison	 of	 the	 depth	 distributions	 of	 these	 events	
seems	to	also	support	this	hypothesis	(Figure	7).	We	note	that	a	part	
of	the	relocated	events	based	on	the	new	velocity	model	are	moved	
close	 to	 the	 surface	 (H<2km).	On	 the	other	hand,	 the	events	 that	
were	originally	 located	 in	 the	2–7	km	depth	 range	appear	 to	have	
been	shifted	to	greater	depths	(4–12	km),	in	good	agreement	with	the	
thickness	of	the	sedimentary	layer,	highlighted	in	the	study	region	
(Ioane	and	Ion,	2005)	

	

	
Figure	7	-Histograms	showing	depth	differences	resulting	from	the	location	
of	selected	events	using	initial	and	computed	velocity	models	

	



34	

Based	on	the	new	data	provided	by	the	RSN	and	ROMPLUS	
catalog,	we	developed	an	improved	1-D	velocity	model	to	be	used	for	
routine	earthquake	locations	within	the	South-Western	Carpathian	
Bend	Zone	area	and	as	a	 reference	model	 for	 future	research.	The	
model	has	the	highest	resolution	in	the	upper	crust	and	correlates	
well	with	 local	 geology.	 The	 relocated	 events	 based	 on	 the	 newly	
determined	velocity	model	emphasize	at	least	two	clusters	of	events	
with	 potential	 anthropic	 origins	 (Figure	 6).	 The	 distribution	 of	
relocated	events,	except	for	the	two	clusters	(C1	and	C2	in	Figure	6),	
generally	 follows	 the	 orientation	 of	 the	major	 fault	 systems.	 Our	
results	 also	 show	 an	 improvement	 in	 earthquake	 locations	 by	
decreasing	RMS	location	errors	by	up	to	42,5%.	

ACKNOWLEDGEMENTS	

The	 present	 study	 was	 partially	 funded	 by	 the	 NUCLEU	
Project	 PN	 19080101,	 supported	 by	 the	 Ministry	 of	 Research,	
Innovation	 and	 Digitalization,	 the	 SETTING	 project	 (Integrated	
thematic	 services	 in	 the	 field	 of	 Earth	 System	 Observation	 -	 a	
national	 platform	 for	 innovation),	 cofounded	 from	 the	 Regional	
Development	 European	 Fund	 (FEDR)	 through	 the	 Operational	
Competitivity	Programme	2014-2020,	Contract	No.	336/390012	and	
by	the		TE-DISSA	(Data-intensive	study	of	intermediate-depth	and	
shallow	 seismic	 activity	 in	 Romania,	 from	 regular	 earthquakes	 to	
tectonic	 tremor)	 project	 PN-III-P1-1.1-TE-2019-1797,	 supported	 by	
UEFISCDI	 (Executive	 Agency	 for	 Higher	 Education,	 Research,	
Development	 and	 Innovation	 Funding),	 Romania.	 The	 data	
processed	in	this	paper	are	recorded	by	Romanian	Seismic	Network	
(https://doi.org/10.7914/SN/RO)	 and	 earthquake	 locations	 were	
taken	 from	 the	 ROMPLUS	 catalogue	 (https://data.mendeley.com/	
datasets/tdfb4fgghy).	

https://doi.org/10.7914/SN/RO
https://data.mendeley.com/


35	

REFERENCES		

Bălă	A.,	Toma-Danilă	D.,	Radulian	M.	2019.	Focal	mechanisms	
in	Romania:	statistical	features	representative	for	earthquake-prone	
areas	 and	 spatial	 correlations	 with	 tectonic	 provinces.	 Acta	
Geodaetica	et	Geophysica.	54.	10.1007/s40328-019-00260-w.	

Ionescu	 C.,	 Radulian	 M.,	 Bala	 A.	 (Eds.).	 2022.	 Bucharest	 –	
European	capital	 city	with	 the	most	 vulnerable	 response	 to	 a	 strong	
earthquake,	 218	pp.,	 ISBN	 	978-606-537-601-4,	 ISBN	ebook:	978-606-
537-602-1,	Cetatea	de	Scaun	Editorial	House,	2022.		

Dinescu	R.,	Ghica	D.,	Popa	M.,	Munteanu	I.,	Radulian	M.	2021.	
Discrimination	Between	Tectonic	and	Anthropic	Events	in	Targu-Jiu	
Quarry	Region	(Romania);	11th	Congress	of	the	Balkan	Geophysical	
Society	 vol.	 2021,	 issue	 1(2021)	 pp:	 1-5	 Published	 by	 European	
Association	of	Geoscientists	&	Engineers	

Enescu	D.,	Danchiv	D.,	Bǎlǎ	A.	1992.	Lithosphere	structure	in	
Romania	 II.	 Thickness	 of	 Earth's	 crust.	 Depth-dependent	
propagation	velocity	curves	for	the	P	and	S	waves.	Stud.	Cercet.	Geol.	
Geofiz.	Geogr.	Ser.	Geofiz.,	30	(1992),	pp.	3-19	

Havskov	J.	1997.	The	SEISAN	earthquake	analysis	Software	for	
the	 IBM	PC	and	SUN	Version	6.0	manual.	 Institute	of	Solid	Earth	
Physics,	University	of	Bergen,	236	pp.		

Ioane	 D.,	 Ion	 D.	 2005.	 A	 3D	 crustal	 gravity	 modelling	 of	 the	
Romanian	territory.	Journal	of	Balkan	Geophysical	Society,	8,	4,	189-198	

Kennett	 B.L.N.,	 Engdahl	 E.R.	 1991.	 "Travel	 times	 for	 global	
earthquake	 location	 and	 phase	 association."	 Geophysical	 Journal	
International,	105:429-465	

Kissling	E.	1988.	Geotomography	with	local	earthquake	data.	
Reviews	Of	Geophysics,	26,	659-698		

Kissling	E.,	Ellsworth	W.	L.,	Ederhartphillips	D.,	Kradolfer	U.	
1994.	 Initial	 reference	 models	 in	 local	 earthquake	 tomography.	 J.	
Geophys.	Res.,	99,	19635-19646.	



36	

Kissling	 E.	 1995.	 Velest	 User’s	 Guide.	 Int.	 Report,	 Inst.	
Geophys.,	ETH	Zurich,	1—26	

Marmureanu	 A.,	 Ionescu	 C.,	 Grecu	 B.,	 Toma-Danila	 D.,	
Tiganescu	A.,	Neagoe	C.,	Toader	V.,	Craifaleanu	I.-G.,	Dragomir	C.,	
Meita	V.,	Liashchuk	A.,	Dimitrova	L.,	Ilieş	I.	2021.	From	National	to	
Transnational	 Seismic	 Monitoring	 Products	 and	 Services	 in	 the	
Republic	of	Bulgaria,	Republic	of	Moldova,	Romania,	and	Ukraine.	
Seismological	Research	Letters.	92.	10.1785/0220200393.	

Mitrofan	H.,	Marin	 C.,	 Chitea	 F.,	 Cadicheanu	N.,	 Povară	 I.,	
Tudorache	A.,	Ioniţă	D.,	Anghelache	M.	2020.	Multi-kilometer	long	
pathway	 of	 geofluids	 migration:	 Clues	 concerning	 an	 ophiolite	
serpentinization	setting	possibly	responsible	for	the	inferred	abiotic	
provenance	of	methane	in	thermal	water	outflows	of	the	South-West	
Carpathians	(Romania).	Terra	Nova.	33.	10.1111/ter.12491.	

Oncescu	 M.C.,	 Marza	 V.I.,	 Rizescu	 M.,	 Popa	 M.	 1999.	 The	
Romanian	 earthquake	 catalogue	 between	 984-1997.	 In:	 F.	Wenzel	
and	 D.	 Lungu	 (eds),	 Contributions	 from	 the	 First	 International	
Workshop	on	Vrancea	Earthquakes,	Bucharest,	Romania,	November	
1-4,	 1997,	 Kluwer	 Academic	 Publishers,	 43-48.	
https://doi.org/10.1007/978-94-011-4748-4_4	

Oros	 E.	 2004.	 The	 April-August	 2002	 Moldova	 Nouă	
earthquakes	 sequence	 and	 its	 seismotectonic	 significance.	 Revue	
roumaine	de	géophysique.	48.	49-68.	

Oros	 E.,	 Placinta	 A.O.,	 Moldovan	 I.	 2021.	 The	 analysis	 of	
earthquakes	 sequence	 generated	 in	 the	 Southern	 Carpathians,	
Orsova	 June-July	 2020	 (Romania):	 seismotectonic	 implications.	
Romanian	Reports	on	Physics.	73.	

Petrescu	 L.,	 Stuart	 G.,	 Tataru	 D.,	 Grecu	 B.	 2019.	 Crustal	
structure	 of	 the	 Carpathian	 Orogen	 in	 Romania	 from	 receiver	
functions	 and	 ambient	 noise	 tomography:	 how	 craton	 collision,	
subduction	 and	 detachment	 affect	 the	 crust.	 Geophys.	 J.	 Int.	
https://doi.org/10.1093/gji/ggz140.	



37	

Petrescu	 L.,	 Borleanu	 F.,	 Radulian	 M.,	 Ismail-Zadeh	 A.,	
Maţenco	L.	2021	Tectonic	regimes	and	stress	patterns	in	the	Vrancea	
Seismic	Zone:	Insights	into	intermediate-depth	earthquake	nests	in	
locked	 collisional	 settings,	 Tectonophysics,	 Volume	 799,	 2021,	
228688,	ISSN	0040-1951,	https://doi.org/10.1016/j.tecto.2020.228688.	

Placinta	A.O.,	Popescu	E.,	Borleanu	F.,	Radulian	M.,	Popa	M.	
2016.	Analysis	of	source	properties	for	the	earthquake	sequences	in	
the	South-Western	Carpathians	(Romania).	68.	1240-1258.	

Popa	M.,	Munteanu	I.,	Borleanu	F.,	Oros	E.,	Radulian	M.,	Dinu	
C.	2018.	Active	tectonic	deformation	and	associated	earthquakes:	a	
case	study—South	West	Carpathians	Bend	zone.	Acta	Geod	Geophys	
53,	395–413.	https://doi.org/10.1007/s40328-018-0224-1	

Popa	M.,	Chircea	A.,	Dinescu	R.,	Neagoe	C.,	Grecu	B.,	Borleanu	
F.,	 2022.	 Romanian	Earthquake	Catalogue	 (ROMPLUS).	Mendeley	
Data,	V2,	Doi:	10.17632/tdfb4fgghy.2	

Popa	M.,	 Kissling	 E.,	 Radulian	M.,	 Bonjer	 K.-P.,	 Enescu	D.,	
Dragan	 S.,	 CALIXTO	 Research	 Group.	 2001.	 Local	 source	
tomography	 using	 body	 waves	 to	 deduce	 a	minimum	 1D	 velocity	
model	 for	Vrancea	(Romania)	zone.	Romanian	Reports	 in	Physics,	
53,	519-536.	

Ren	 Y.,	 Stuart	 G.,	 Houseman	 G.,	 Dando	 B.,	 Ionescu,	 C.,	
Hegedus	E.,	Radovanovic	S.,	Shen	Y.	2012.	Upper	mantle	structures	
beneath	 the	 Carpathian-Pannonian	 region:	 Implications	 for	 the	
geodynamics	of	 continental	 collision.	Earth	 and	Planetary	Science	
Letters.	10.1016/j.epsl.2012.06.037.	

Tesauro	M.,	Kaban	M.,	Cloetingh	SAPL.	2008.	EuCRUST-07:	A	
new	reference	model	for	the	European	crust.	Geophysical	Research	
Letters.	35.	L05313.	10.1029/2007GL032244.	

Zaharia	 B.,	 Grecu	 B.,	 Popa	 M.,	 Oros	 E.,	 Radulian	 M.	 2017.	
Crustal	Structure	in	the	Western	Part	of	Romania	from	Local	Seismic	
Tomography.	 IOP	 Conference	 Series:	 Earth	 and	 Environmental	
Science.	95.	032019.	10.1088/1755-1315/95/3/032019.	


