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(A) Topographic map of the Romanian Carpathians with the location of modelled cross-sections (N-NP and S-SP). Note

the clustering of earthquakes (red dots) in the Vrancea seismic area in the bend zone of the Carpathians arc and the topographic
di.erence between the East European/Scythian*North Dobrogean (EESB) and the Moesian domains (MB). Black and gray lines
mark location of major crustal scale fault zones (see Fig. 4 for further details). (B) Bouguer gravity map of Romania, anomalies

in mgal (after [8]). Black boxes mark the areas a.ected by the collision with the EESB and MB which are characterized by di.erences
in thermo-mechanical age of the underthrusted lithosphere, coinciding with the o.set in the gravity anomaly at the location

of the crustal-scale Trotus fault (TF).
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“ig. 1. Basic geological map of the Carpathians (after Kovac et al., 1998; slightly changed). Sampling locality in the Kamenets sequence
48°11" N, 23°44' E) shown by a star. Brodno site shown by a rectangle.
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Patterns of Neogene—Quaternary sediment distribution, recent vertical movements and stress induced deflection along a regional profile
crossing the Pannonian basin and the SE Carpathians foreland (Pannonian basin after Horva'th et al., in press, Carpathians and their foreland after
Ta"ra’poanca’ et al., 2003, 2004; Ra"dulescu et al., 1976). Arrows represent directions of Quaternary vertical movements.
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Crustal-scale cross-sections across the East Clréafém _ﬁgd ?né% represent the northern crosssection

in the area a.ected by the collision with the East European/Scythian rigid block. Blue lines represent the southern crosssection

in the bend area in.uenced by the collision with highly buoyant Moesian block. Red dots represent earthquake projection

into the southern section trace. (B) Seismic tomography (after [10]) across the bend zone of the East Carpathians in the MB domain.
Blue and red: positive and negative P-wave anomalies corresponding to the presence of cold and hot mantle in the area,
respectively. Open circles give the location of Vrancea earthquakes.
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Tectonic map of the Mediterranean region showing the evolution of arc migration and associated vertical-axis rotations (arrows within
circles) recorded by paleomagnetic studies (modified from [1,9]).
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Spatial variations in uplift and erosion along the Romanian Carpathians inferred from geothermochronology studies

(after [1]) and thickness of foredeep sediments in the Romanian Carpathians foreland. Elliptical boxes indicate the time of uplift
in the upper plate, while square boxes indicate the main moment of subsidence. Note the pronounced lateral di.erences in uplift
ages along the arc, while the main subsidence period is coeval along the studied area.
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3D cartoon of spatial variations in mode of subduction

along the East Carpathians orogen and their expression

in spatial and temporal varying patterns of seismicity, volcanism
and vertical motions. EESB: East-European/Scythian

block; MB: Moesian block; NDO: North Dobrogea orogen;

TF: Trotus fault; PCF: Peceneaga®Camena fault; FB: Focsani
Basin.
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Geological overview of the Eastern Carpathian bend area and its
foreland with the main crustal units, nappe structures, faults and
basins. The location of the VRANCEA'99 (N-S, small E-W
transverse) and VRANCEA2001 NE-SW seismic refraction
profiles are shown with their shot points. Compiled from various
sources given in the text.
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Interpreted geological cross-section (top: 4.5xvertical exaggeration, bottom: without vertical exaggeration) from the 2D seismic model of

Fig. 11 along the main VRANCEAZ2001 seismic refraction line between the Transylvanian Basin and the Black Sea. The upper crustal geological
structures of the Tisza-Dacia and the Moesian crustal blocks are transverse to the section. The proposed out-of-sequence thrusting in the crystalline
basement (labeled with number 1) and the geologic structures of the North Dobrogea crustal block in the foreland (labeled with number 2) are oblique
to the seismic line. For location of the section and for location of the major geological structures compare with Fig. 1.
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Puc. 4.13. Textonnueckas kapra Kapmarckoro pernona (¢ o0o3naueHueM
MIOJIOKEHUSI PErMOHAJIBHBIX I'€0JIOrMYecKuX paspesoruepes [Ipeakaprnarckuii nporuod).
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NO3aHUIA Naneored W paHHWA HeoreH, P - HepacyneHeHHLIA
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paHHWid naneorex, K - HepacuneHeHHsId Men, K- noagHuii men, K, -
padHmia men, J-K - HepacuneHerHse wpa v men, J-K, - noagHAas 1opa v paHHui men, J,- M
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Puc.4.2 Paapesbl YkpaunckuxKapnat -0
nonuHuam A-BuB-I
i (no"TekToHW4yeckasa kapTa..."(1986)
pononHeHHbln C. Kpyrnoesimu M. Monaawkom)
U (pa3pesocHoBaHHagaHHeIX M. Byna,
C.Kpyrnosa, B.Ky3oeeHko, B.lUnanuHckoro
NPOVWHTEPNPETUPOBAH WAONONHEH
C.Kpyrnogeimu M. Monagrokom)
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Puc.4.15 Neonornyeckue paspesbl YKpaunHckoronpeagkapnatba no nuHuam A-bu B-I

CrtpaTurpacgunyeckve CUMBOSbI:
N,*- cpeaHuin muoueH, N,'? - paHHnid-cpeaHuil MuoueH, N, - muoueH, P, - nosgHuin naneoreH, P, , - paHHuiA-cpeaHuin naneoreH, K, - noagHuin men,
K,- paHHui men, J, - no3Has wpa, J,,- paHHa-cpeaHas opa, PZ - Paleozoic undivided.

———e——e— HA A BT OMPOKUHYTbIE pa3nombl -~ ———————~ HOpMalnbHbIE pa3nombl
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Kapnar ("Arnac..." (1998),

A

1 F—2 —~]s [ —]4
B [ [ s [

ynpouieHHas W. NMonaatokom)

50°
3Er

JlbBOB

1 - dpoHTanbHas 4actb Cambopckoro nokposa, 2 -
¢poHTanbHasa Yacte bopbicnaBo-INokyTcKoro nokpoea, 3 -
CkblbOBLIN MOKPOB, 4 - OpyrMe MOKpoBbl, 5 - u3obaTel
MuoLeHoBoro cybeTpara, B MeTpax, 6 - pacnpocTpaHeHue
nopog mwuoueHa, 7 - rocygapcTBeHHble rpaHuubl, 8 -
-pernoHanbeHble HopmarnbHele pa3nomMbl (Ip - Mopogoukui,
Kn - KanyxckwniA, Kc - Kocuscknii, Kp - KpakoBeukui).
Cokpawenus: 3EIN - 3anagHo-EBponeiickaa nnatdopma,
KI1 - Kapnatckuii nepegoson nporub.

@ - HedTb, @-KoHgeHcatr, O-ra3

MecmopoxdeHuss Hegpmu: 1- CTpunebbium, 2 - CTapblii
Cambop, 3 - NMueaeHHbIA MoHacTeipel, 4 - CTpaxeBbldn, 5 -
Bnaxws, 6 - CxugHuua, 7 - HoBocxmnaHuua, 8 - Cokonosel,
9 - Opue-¥Ynu4Ho, 10 - 3aeoaa, 11 - NueaeHHa CTeiHaBa, 12
- MenbHbl4aHbl, 13 - CtbiHaea, 14 - CembiXxbiHUB, 15 -
AxkmB, 16 - Bbixoga-BeitBbIug, 17 - Cnac, 18 - Cnac-
mblbbiHHa, 19 - KoxHatume, 20 CTpyTbiH, 21-
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BHyTpeHumit otyer, 1992, PYMVYHMHA
yrpoLLeHHbIiA K. Monagtokom 23° 24°

Muanucuecka, 22 PunHa, 23 Pynaseu, 24

MoHacTeipyaHsl, 25 - Meu3g, 26 - MHue, 27 - MNacnyHa,
28 - BbicTpbius, 29 - MbikynbiubiH, 30 - TansBa,
31 -TuBHKYHa [onbiHa, 32 - PocunbHa, 33
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PucyHok 4.10 Neonornyecknun paspes3 bopucnasckoro HepTAHOro MeCTOPOXAEHUA.

YcnosHble 0603HaueHust: [ HedbTsiHas 3anexs;[ -~ |Haasur; [ /] pasnom.
Crpaturpaduyeckne cumeonsbl: Kast - ctpuinckasa ceuta (no3gHun men), Eqjm - sMHeHckasa ceuTta

(maneoueH), Eavt - BoITBMUKas ceuTa (eoueH), Eapp - nonenbckas ceuta (eoueH), Ezml - meHunuToBas ceuta
(onuroueH), Nqpl - nonaHuukasa centa (MmoueH), Nq vr - BopoTbilweHckasa ceuta (MUOLEH).
Atnac... 1998, nameHeHHbIn V. [Nonagokom
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Puc. 4.11 Pazpez HechTAAHOro mectopoxaeHus [lonuHa.

Nerenpa: [ HedTaHbIe nHTepsans:; [ -~ | cBpoc;

[ /| HopmanbHbiit paznom. CTpaTturpaduyeckune 3Hakm:
Kast - cTpuiickas ceuta (BepxHui men), Eqjm - aMHUHCKasa cButa
(naneoueH),Eamn - MaHsBcKas ceuta (soueH), Eavg - Bbiroackas
csuTta (soueH), Eabs - GeicTpuukasn ceuta (aoueH), Ezml - menu-

nutosas cauta (onuroueH), Nqpl - nonsHuukas cauta (MMOLEH),
N4 vr - BOpPOTbILLEHCKas CBUTa (MUOLIEH).

Mo Atnacy. 1998, ncnpaeneHHblin W. MNonagtokom
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Puc. 4.12 T'eonornvyeckuii paspe3 boiTknB-baduuHCKOro HehTrerazoKOHJIEHCATHOTO

Me e
YcnoBHble 0603Ha'-IeHVIFIZ- Hecpr;NOraa; KOH,D,eHCaT;ZI pasnombl;
Crpaturpadudeckue cumsonsl: Kast+ E4 - BepxHun men - naneoueH, Eamn -
MaHsBCKas ceuTa (doueH), Eavg -Bbirogckasi ceuta (aoueH), Exbs - bbicTpuukas
ceuTa (3oueH), Esml -meHnnutoBasa ceuta (onuroueH), Nqpl - nonsHuukas ceuta
(MuoueH), Nq vr - BopoTbiweHckas ceuta (MuoueH). Cknagku: | - CknboBbIn
nokpos, Il - Masosas, Il - Ctapas KonanbHs, IV - Monoakus, V - babue, VI -
BbiTkMB [MbIObIHHA.

(Atlas... 1998, ynpolueHHbin |. Nonagrokom)
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PucyHok 4.21 Pa3spes JlonywHoro HechTAHOro MeCTOPOXAEHUSA.
Nerenpa: HedTAHas sanexs; [~ | cbpoc;
[/ ] HopmanbHbIit pa3nom. ABTOXTOHHbIE CTpaTUrpachuyeckme aHakm:
PZ - naneoasoit, J3 - HepacuneHeHHas BepxHas topa, Ky - aneb, K, -
HepacuneHeHHble ceHoMaH-KoHbsK, "E" - naneoreH, Nib - 6ageH.
AnnoxToHHble cTpaTurpachuyeckmne avaku: Nqst - ctebHukckan centa
(muoueH), Kast - cTpuiickas ceuta (BepxHuit men), Eqjm - asMHUHCKas
csuta (naneoueH), Eamn - maHaBckas ceuTa (3oueH), Eavg - Bbiroackan
cBuTa (3oueH), Egbs - BeicTpuukan ceuta (soueH), Esml - meHunuToean
ceuTa (onuroueH).

Mo Atnacy. 1998, ucnpaenenHobln W. Monagokom
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Mpeakapnartckoro npornba & :
("Arnac...” (1998), o 1 - thpoHTanbHaa 4acte CamBopckoro nokpoea, 2 -
ynpoujeHHan W. Monaatokom) A hpoHTanbHas YacTe Bopucnascko-lokyTckoro nokposa, 3
4 - CrxbiboBblit NoOKpoB, 4 - ApyrMe NoKpoBbl, 5 - u3obaThbl
muoueHoBoro cybetpara, B MeTpax, 6 - pacnpoctpaHeHve

A
f 4
— Nl 105' J nopog muoueHa, 7 - rocygapcTBeHHble rpaHuuel, 8 -
[ e NR
AP %

pervoHanbHele HopMankeHele pa3nomel (Mp - Nopogoukui,

v 3E|—| Kn - Kanywckmin, Kc - Kocweckwi, Kp - Kpakoseukwi).

“

Cokpawenua: 3EN - 3anagHo-Eeponeiickan nnatdopmMa,

® KM - Kapnatckuii nepenosoii nporub.
INeBoB

@ -HedTh, @-koHgeHcaTt, (-ra3s
| raszoesie mecmopoxdenun: 1 - Buaomna, 2 - Beokus, 3 -
Hunoesiym, 4 - Makynus, 5 - YugHosbium, 6 - Cagkosbium, 7 -
Hoeocuniel, 8 - Topoaok, 9 - Maiieu, 10 - Cyconue, 11 - TyHue,
ooy 12 - MuepeHHo-Tpabeibckka, 13 - Manoxoposawka, 14 -
., Bonsiua Menenuua, 15- Onapcke, 16 - NetHa, 17 - Mpyauecke, 18 - Kaecko,
d 19 - MeiHkmecke, 20 - MuegexHo-Yrepeko, 21 - Oawaea, 22 -
} KapoBho, 23 - MpelHueka, 24 - Boropoguatsl, 25 - Yepemume-
Yrepoko Crpymime, 26 - ABnyHus, 27 - Mbinbinkl, 28 -AeGecnasus.
N lazokoHdeHcamHble mecmopoxdenus: 29 - Kocue, 30 -
ST i ™ Koeanweka, 31 - YopHoryaw, 32 - Cnaeeuke, 33 -
e 5 Wepemetescke, 34 - KpacHounck, 35 - 3anywausl, 36 -
Mpywwe, 37 -Neths, 38 - Man, 39 - CebiaHbILA, 40 -
2 | KoxaHoBckoe MeCTOpOXOEHWE HediTH
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Bhyrpesaw orver, 1992, | PYMYHHASA | - /
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Puc. 4.16 Kapra mecropoxkaeHuii yreronoponoB [ Ipeaxaprnackoro
nporuoa.
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Late Miocene—Quaternary Ca’limani—Gurghiu—Harghita volcanic mountains
and sedimentary deposits of the Bilbor/Borsec—Gheorgheni—

Ciuc basins (according to Szaka’cs and Seghedi, 1995, with modifications).
K—Ar ages of the volcanic rocks after Pe’cskay et al. (1995b). The

practically identical ages of volcanic rocks from the intramontane basins (e.g.

Ciuc basin) and from the volcanic range on the west demonstrate a
contemporaneous development of basins and volcanic centers.
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Interpretative map of post-Middle Miocene (Sarmatian)
structures of the Eastern Carpathian bend area. Late
Miocene—Quaternary

kinematics possibly also localized the centers of Late
Pliocene—Quaternary alkalic-basaltic volcanic activity in the
Pers,ani Mountains along the

westernmost normal fault of the Bras,ov basin system.

W. Fielitz, . Seghedi / Tectonophysics 410 (2005) 111-136
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AGES OF MAJOR ACTIVITY OF MAJOR TECTONIC CONTACTS IN THE ALPS, CARPATHIANS AND DINARIDES
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Fig 6. Ages of main activity along major tectonic contacts in the Alps, Carpathians and Dinarides are colour-coded. Six time slices are depicted. Although some contacts were repeatedly active, only
the age of the main deformation is shown. This figure also shows the locations of the traces of cross-sections given in Plates 2 and 3 and the area covered by Figure 3.
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