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1. IntroductIon

The study area is located among the Eastern Alps, Central 
Western Carpathians, and Transdanubian Range (Fig. 1). 
The boundaries of these tectonic megaunits, forming pre-
Neogene basement of the Danube Basin, are represented 
by two main tectonic structures: the Rába and Hurbanovo–
Diösjenő faults (e.g., Haas et al., 2014). The NE–SW striking 
Rába Fault separates the Austroalpine from Transdanubian 
Unit along the eastern margin of the Danube Basin (Fig. 1). 
Moreover, in the central part of the basin the approximately 
W–E Hurbanovo–Diösjenő Fault forms boundary between 
the Central Western Carpathian and Transdanubian units. 
The fault is considered to be a complicated contact zone 
which separates complexes comparable to the Eastern Alps 
– Western Carpathians from units which bear a strong re-
semblance to the Southern Alpine (Transdanubian) and Di-
narides (Bükk) tectonic units. Both aforementioned tectonic 
boundaries are sealed by a thick Neogene to Quaternary 
sedimentary deposits of the Danube Basin and are mostly 
known only from several boreholes. The Rába Fault is also 
discovered from geophysical interpretation of several seismic 

profiles, as well (e.g., Tari et al., 1992; Horváth, 1993; Hor-
váth & Cloetingh, 1996).

The nature of these crustal discontinuities has often been 
explained very contradictory (e.g., Kilényi & Šefara, 1989; Vass 
et al., 1993; Balla, 1994; Konečný et al., 2002; Kováč et al., 2002; 
Haas et al., 2010, 2014). In the contemporary point of view of 
the Cenozoic evolution of the Western Carpathians, the previ-
ous results obtained from deep boreholes were not properly 
interpreted. Moreover, the local names of basin depressions 
and their classification often differ in the Slovak and Hungarian 
sides. These differences between Slovak and Hungarian parts 
also contributed to the lack of clarity in the past.

The oldest, Palaeogene, deposits of the basin are restricted 
to the Northern Pannonian domain (Želiezovce Depression 
of the Danube Basin) and in the literature are usually referred 
to the Buda Basin or the Slovenian-Hungarian Palaeogene 
Basin (e.g., Tari et al., 1993; Fodor et al., 1998; Haas et al., 
2001; Fordinál et al., 2002; Kováč et al., 2016). The Late Oli-
gocene–Early Miocene sedimentary sequence, which has 
been deposited above the Northern Pannonian Domain and 
the Central Western Carpathians with a main depocentre 
located more to the east, is regarded as the Pétervásara Basin 
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(Sztanó, 1994). The older Palaeogene to Lower Miocene strata 
is sealed by the Middle Miocene sediments of the Danube 
Basin in the west and the Novohrad–Nógrád Basin in the 
east and are located on both the Central Western Carpathian 
and Northern Pannonian Eo-Alpine nappe pile (Vass et al., 
1993). Finally, the Late Miocene–Pliocene basin fill belongs 
to the northern margin of the Pannonian Basin System (e.g., 
Horváth, 1993; Horváth & Cloetingh, 1996; Magyar et al., 
1999a, 1999b; Kováč et al., 2011). However, the local name 
of the basin (Danube Basin) is the same as in the case of the 
Middle Miocene strata.

The main aim of the presented study is to refine knowledge on 
the possible geotectonic role of the Hurbanovo–Diösjenő Fault, 
which formed a principal tectonic boundary between the Central 
Western Carpathian and Transdanubian tectonic units during 
the Miocene. Moreover, we try to establish a uniform model, 

the role of the faulting on this boundary, especially the Hur-
banovo–Diösjenő Fault and its relationship to the geodynamic 
evolution of the Western Carpathians. New data obtained by 
a detailed sedimentary analysis of the several boreholes, inter-
pretation of the structural measurements, and re-evaluation of 
the existing palaeostress field data (e.g., Tari et al., 1993; Vass 
et al., 1993; Marko et al., 1995; Fodor et al., 1998; Kováč, 2000; 
Márton & Fodor, 2003; Haas et al., 2014) were used in order to 
fulfil main goals.

2. Methods

For the purposes of basin analysis, well core samples were 
collected, cut in half perpendicularly to the bedding plane, 
washed, and treated with dispersive glue. The samples were 

Fig. 1: A) Localization of the study area in the Alpine-Carpathian-Pannonian system; B) Hybsometric model with location of the study area; C) The study 

area with the principal geographic unit, Miocene depressions in the Danube Basin and location of the interpreted boreholes. Note: SP - Štúrovo Palaeogene 

sequence.
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later scanned and digitalized. Further lithological evalua-
tion was based on reinterpretation of spontaneous potential 
(SP) and resistivity (RT) well logs, according to Rider (1996), 
Emery & Myers (1996), and Catuneanu (2006). Spontane-
ous potential is passive electrical geophysical method based 
upon the measurement of spontaneous or natural electrical 
potential developed in the earth and measured in MV (mili-
volts) unit. Resistivity represents resistance of a rock to the 
passage of an electric current (Rider, 1996). Electrofacies 
were grouped in units with similar response and correlated 
between studied well profiles, taking into account all available 
geochronologic data.

Chronology of the Palaeogene and Middle Miocene sequences 
was based on biostratigraphy of calcareous nannoplankton, ben-
thic and planktonic foraminifera. Late Miocene chrono logy was 
supported by biozones of molluscs sensu Magyar et al. (2007) 
and by dinoflagellates, as well as by radiometric dating using 
authigenic 10Be/9Be method (Šujan et al., 2016).

Data concerning the Late Miocene sequence were supported 
by study of counter-flush boreholes, which were drilled during 
60’s in a dense grid to depths 300–600 m. Spatial distribution 
and lithology of the Volkovce Formation representing the up-
permost part of studied lithological column was inferred also 
by field study of outcrops.

Fig. 2: Correlation profile across the Pozba-3 (POZ-3), Dubník-1 (DK-1), and Nová Vieska-1 (NV-1) boreholes. Note: dotted lines represent correlative horizons 

based on lithostratigraphy; orange curve represents spontaneous potential (SP), and blue curve represents resistivity (RT).
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3. r esults of basIn analysIs

3.1. palaeogene sedimentary record

The Palaeogene sedimentary sequence is more than 400 m 
thick in the NV-1 borehole (Nová Vieska) which is situated 
in the Želiezovce Depression of Danube Basin (Figs. 1, 2, 
and 3). The "Kiscell" Formation is composed of the grey to 

dark grey bioturbated mudstone with intercalation of rare  
fine-grained sandstone beds. The sedimentary analysis of  
the MO-1 (Modrany) borehole core samples revealed littoral 
to onshore environment and a deeper sublitoral environment 
with occasional distal gravity currents or tempestites in the 
NV-1. Moreover, the amount of redeposited Late Eocene  
fossils, together with lithoclasts from the Tatric/Veporic  
crystalline basement at the base document not only partial 
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Fig. 3: Correlation 

profile across the 

Modrany-1 (MO-1) and 

Nová Vieska-1 (NV-1) 

boreholes. Note: dotted 

lines represent cor-

relative horizons based 

on lithostratigraphy; 

orange curve represents 

spontaneous potential 

(SP) and blue curve rep-

resents resistivity (RT).
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disintegration of the retro-arc basin above the Transdanubian 
Unit (e.g., Tari et al., 1993) but also denudation of the ex-
humed Tatric and/or Veporic basement beneath the Danube 
Basin.

3.2. neogene sedimentary record

The Middle Miocene sedimentary sequence starts with the 
Bajtava, Špačince, and Pozba formations (Langhian; Lower 
Badenian), whose thickness varies across the study area from 
500 m in the north (POZ-3 borehole – Pozba) through 700 m 
(DK-1 borehole – Dubník) to 1700 m (NV-1 borehole) in the 
south (Figs. 2 and 3). The lowermost portion of the sedimentary 
record is represented by the Bajtava Formation. At the NV-1 
and MO-1 boreholes it does not contain volcanic debris. This 
part of the sequence is missing in the boreholes located above 
the Veporic crystalline basement (Fig. 2). The Bajtava Forma-
tion (NV-1 and MO-1 boreholes) was deposited after a strong 
tectonic phase at the Early/Middle Miocene boundary which 
was associated with oblique collision of the Western Carpathi-
ans with the European Platform in the west. Shortening of the 
Central Western Carpathian orogenic wedge in a compressive 
tectonic regime resulted in southward back-thrusting of the 
Central Western Carpathians (e.g., Kováč et al., 1989; Marko et 
al., 1995; Pešková et al., 2009). Similar tectonic phenomena was 
also observed along the southern margin of the Transdanubian 
Unit, where thrusting on the neighbouring Tisza microplate 
was documented (Csontos & Nagymarosy, 1998). It is assumed 
that flexure in the inner portion of the Transdanubian Unit with 
respect to the arc was formed and resulted in subsidence of this 
area evidenced by deposition of basal conglomerates from the 
front of the Veporic Unit. Such type of depositional environment 
was documented in the north-western part (Blatné Depression) 
of Danube Basin before the beginning of rifting accompanied by 
volcanism, as well (Rybár et al., 2015). Therefore, coarse-grained 
deposits of the MO-1 and NV-1 wells without volcanic material 
and with detritus of the Western Carpathian provenance could 
represent a short existing basin depocentre in the study area, 
which was deposited on the northern edge of the Transdanubian 
Unit (Figs. 2 and 3).

The Langhian opening of the Danube Basin associated with 
evolution of volcanic centres, which have been buried beneath 
the basin fill up to the present (Hrušecký, 1999). The subsiding 
depressions were also supplied by a large amount of volcaniclas-
tic sediments from the Central Slovak–Northern Hungarian 
volcanic field (e.g., Kováč et al., 1998a; Konečný et al., 2002; 
Pécskay et al., 2006). The juvenile Želiezovce Depression was 
subsiding along the Hurbanovo–Diösjenő Fault and the paral-
lel Rapovce Fault in the Novohrad-Nógrád Basin (southern 
Slovakia–northern Hungary). Rifting of the basin depocentre 
evidently started along the W–E oriented Hurbanovo–Diösjenő 
Fault. The following Langhian (Lower Badenian) subsidence 
associated with enhanced tectonic movement along the NE–SW 
to NNE–SSW normal faults in the Želiezovce Depression (Tari 
et al., 1992; Kováč et al., 2011).

The Langhian Želiezovce Depression (~15.0–12.7 Ma) was 
bordered by the subaquatic Pozba elevation in the north and 

Transdanubian swell in the south (Fig. 2). The shallow subli-
toral environment is evidenced by the presence of algal reefs. 
Material derived from the reefs was transported by gravitational 
currents into the deeper parts of depression (DK-1 well). Sedi-
ments of the Špačince Formation (Vass, 2002) were deposited 
in sublitoral environment and were sourced by material from 
the Central Western Carpathian crystalline basement and the 
Central Slovak–Northern Hungarian volcanic fields. During the 
deposition of the Špačince Formation a migration of depocentres 
from the south (Transdanubian basement) to the north occurred 
(Veporic crystalline basement), this is suggested by a variation 
in sediment thickness (Figs. 2 and 3).

The Pozba and Vráble formations (Serravallian; Upper Bad-
enian and Sarmatian) sediments (Vass, 2002) were deposited 
in sublittoral environment with a shallowing upward trend and 
do not reach a thickness higher than 300 m. However, the Pozba 
Formation was considered to be Middle to Upper Badenian in 
age (cf. Hók et al., 1999), previously. The sequence is composed 
of grey, calcareous mudstone rich in organic components, and 
volcaniclastic material. The following fill-up of this depocentre 
suggests gradual cessation of the faulting.

During the Late Miocene (~11.5–5.6 Ma) the Želiezovce De-
pression represented a relatively shallow “sublitoral zone” of Lake 
Pannon (Magyar et al., 1999a; Cziczer et al., 2009). The flood-
ing proceeded and culminated at approximately 11.0–10.5 Ma, 
which led to deepening of the depression. In the south-eastern 
portion of depression, water covered the Eo-Alpine Transdanu-
bian Unit which represented a submerged swell (similar to the 
Pozba elevation in the north; Fig. 3). After 9.3 Ma, the lacustrine 
sediments of the Ivanka–Szák Formation was gradually covered 
by deltaic to alluvial plain deposits (Beladice and Volkovce for-
mations; Kováč et al., 2010, 2011; Šujan et al., 2016; Figs. 2 and 
3). Alluvial deposition in low dynamic conditions lasted up to 
ca. 6.0 Ma (Šujan & Rybár, 2014; Šujan et al., 2016).

4.  overvIew of knowledGe on fault 
zones In junctIon ar ea

Investigated area represents the boundary between the Aus-
troalpine- Central Western Carpathian orogenic belt on one side 
and the Northern Pannonian Domain on the other side (e.g., 
Fusán et al., 1987; Schmid et al., 2008; Hass et al., 2014; Kováč 
et al., 2016). The Austroalpine–Central Western Carpathian belt 
is composed of superimposed nappe stack: the Lower Nappe 
Group (Peninic, Vahic, and Tatric units), the Middle Nappe 
Group (Veporic, Hronic, and Fatric units), and the Upper Nappe 
Group (Gemeric, Meliatic, Turnaic, and Silicic units; Hók et al., 
2014). The Transdanubian Unit is considered to be the Upper 
Austroalpine Unit due to its tectonic position (Tari, 1994, Fodor 
et al., 2003; Tari & Horváth, 2010; Fodor et al., 2013). However, 
the Transdanubian lithostratigraphical facies show a Southern 
Alpine affinity (Haas et al., 1995). The Bükk, Szendró, and Upony 
units represent a paraautochtonous, low grade metamorphic 
Palaeozoic to Mezozoic succession which shows lithostrati-
graphic analogue with the Southern Alpine-Dinaridic units, as 
well (e.g., Csontos, 1988, 2000; Haas & Kovács, 2001; Filipovic 
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et al., 2003). The discontinuity between aforementioned two 
crustal fragments with different provenance is represented by 
the NE–SW striking of Rába Fault which passes to the W–E 
directed Hurbanovo–Diösjenő Fault in the north (Figs. 4 and 5).

According to some authors, the Rába Fault represents a Cre-
taceous nappe thrust (Horváth, 1993; Fodor & Koroknai, 2000; 
Haas et al., 2010). However, during the mid-Miocene opening of 
the Danube Basin, the former Cretaceous thrust was significantly 
modified and the fault was reactivated as a sinistral oblique-slip 
fault. The north-western margin of the Transdanubian Unit was 
affected by deformation and the structural pattern is attributed to 
this deformation (Haas et al., 2014). This tectonic structure was 
earlier interpreted as a primary structural boundary (Kázmér 
& Kovács, 1985) which was developed during the tectonic escape 
of the Transdanubian Range crustal fragment from the Alpine 
collision zone during the Late Palaeogene–Early Miocene. In 
this concept, the Rába Fault was interpreted as a deep-rooted 
sinistral strike-slip zone which separates crustal fragments with 
significantly different geological origin (Balla, 1989).

In the central part of Danube Basin, the W–E striking Hur-
banovo–Diösjenő Fault most probably forms eastern continua-
tion of the Rába Fault (Šefara et al. 1998; Konečný et al. 2002). 
The Hurbanovo–Diösjenő Fault represents a major crustal 
discontinuity between the Central Western Carpathians and 
Northern Hungarian Domain. The eastern termination of the 

fault is still not well known. It is interrupted by the Darnó Fault 
that might significantly displace it to the north-east (Figs. 4 and 
5). The primary structural pattern of the Hurbanovo–Diösjenő 
Fault is quite uncertain; a dextral strike-slip faulting is assumed 
in the Palaeogene (Balla, 1989; Bada et al., 1996). This is in good 
agreement with the measured palaeostress field (Márton & Fo-
dor, 2003) and with the restriction of the Eocene retro-arc ba-
sin deposits (Tari et al., 1993). A thick-skinned south-vergent 
back-thrusting occurred along the southern margin of the Hur-
banovo–Diösjenő Fault and caused burial of the basement in 
the Late Oligocene–Early Miocene. The Palaeozoic rocks were 
thrust over the Mesozoic and Oligocene sequences which are 
located in the eastern side of the Uppony Hills (Schreter, 1952; 
Pantó, 1954) and so the thrusting along the Darnó Fault is dated 
to the Kiscellian–Ottnangian time span (30–19 Ma). However, 
a sinistral strike-slip movement on the Hurbanovo–Diösjenő 
Fault is assumed the Middle Miocene (Haas et al., 2014).

The kinematics of the Darnó Fault or in an even broader sense 
referred to the Darnó Zone was justified by the fault-slip analy-
sis (Fodor et al., 2005a). Seismic profile interpretation (Sztanó 
& Tari, 1993) pointed to a compressional deformation belt. 
Nevertheless, several authors identified the sinistral strike-slip 
movement along the Darnó Fault and postulated a 20–30 km of 
displacement (e.g., Jasko, 1946; Zelenka et al., 1983; Grill et al., 
1984; Less et al., 1988; Szentpetery, 1997). According to Fodor 

Fig. 4: Model of the Palaeogene basin evolution (based on Tari et al., 1993): (A) Pre-Cenozoic basement of the Danube Basin; (B) Known extent of the 

Hungarian Palaeogene Basin deposits drawn by orange with dots; (C) Bartonian retro-arc basin marine flooding; (D) Priabonian retro-arc basin marine 

flooding; (E) Rupelian retro-arc basin marine flooding.
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et al. (2005b), this sinistral strike-slip movement was probably 
active during the Ottnangian to Early Badenian (18–15 Ma). 
Starting from the Late Badenian, normal faulting of this zone 
can be inferred from the borehole and field evidences (Telegdi 
Roth, 1951; Radocz, 1966; Fodor et al., 2005a, 2005b). In addi-
tion Schmid et al. (2008) assumed that the Darnó Fault could be 
one of the most important structure separating the mega-units 
(microplates). They speculated that the fault is a continuation 
of the Palaeogene–Early Miocene Periadriatic Fault with the 
dextral strike-slip kinematics. On the contrary, according to Haas 
et al. (2014), occurrence of different nappes of the same nappe 
series on each sides of the Darnó Fault was caused by different 
pre-Cenozoic denudation and deformation.

The aforementioned facts reveal that the tectonic units of the 
Northern Pannonian Domain were most likely positioned among 
the Eastern Alpine–Western Carpathian and the Southern Al-
pine–Dinaride belts before the Palaeogene (e.g., Csontos et al., 
1992; Kováč et al., 1994). The Cretaceous–Palaeocene Periadri-
atic Fault represents a suture zone between the Alpine orogenic 
system (thrust over the European Platform – northward thrust-
ing) and a nappe pile of the Adriatic Plate – southward thrusting 
(e.g., Grad et al., 2009). Therefore, the Hurbanovo–Diösjenő 
Fault could represent a fault zone with a probably similar kin-
ematics and position like the Periadriatic Fault which divides 
the Central Western Carpathians (similar to the Eastern Alps) 

in the north from the Northen Pannonian Domain in the south 
(Transdanubian and Bükk units with affinity to the Southern 
Alps and Dinarides). If the Darnó Fault would not represent the 
tectonic contact between the Transdanubian and Bükk units 
(Haas et al., 2014) the position is almost the same at the present 
contact of the Southern Alpine and Dinaride units in the Slovenia 
and northern Croatia. 

5. dIscussIon

The new analysis of deep boreholes, situated in the Želiezovce 
Depression (Danube Basin), refined refined stratigraphy of the 
sedimentary record together with the structural and palaeostress 
field data (e.g., Vass et al., 1993; Marko et al., 1995; Márton 
& Fodor, 2003; Hass et al., 2014). Based on previous and new 
data it is possible to discuss geodynamical processes leading to 
disintegration and opening of several Cenozoic basin systems 
at the Central Western Carpathian and Northern Pannonian 
Domain junction in a new way. In this case the behaviour of 
the Hurbanovo–Diösjenő Fault reflects geodynamical pro-
cesses leading to (1) individualisation of the Central Western 
Carpathians, Transdanubian Range, and Bükk units among an 
older, common Alpine–Western Carpathian–Dinaride domain; 
(2) provides evidence of tectonic escape of the aforementioned 

Fig. 5: Model of the Neogene basin evolution (based on Adam & Dlabač, 1969; Vass et al., 1979; Tari et al., 1993; Sztanó, 1994; Magyar et al., 1999a; Haas et al., 

2012). (A) Chattian early Burdigalian retro-arc basin marine flooding; (B) Late Burdigalian Novohrad–Nógrád basin marine flooding; (C) Langhian Danube and 

Novohrad–Nógrád basins marine flooding; (D) Serravallian Danube and Novohrad–Nógrád basins marine flooding; (E) Tortonian Lake Panon flooding.
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crustal segment of the ALCAPA microplate to north-eastward, 
and (3) documents the Middle–Late Miocene evolution of the 
Pannonian Basin during and after soft-docking of the ALCAPA 
microplate (Western Carpathians) with the European Platform.

(1) Rising compression in the colliding orogen led to the Oli-
gocene exhumation of the Eastern Alpine–Western Carpathian 
junction area. It is possible to assume that these geodynamic 
processes most likely reflect a movement along the Periadriatic 
Fault and its prolongation to the south-east – the Hurbanovo–
Diösjenő Fault. In this time the bend parts of the Periadriatic– 
Hurbanovo–Diösjenő suture zone started to be formed. This 
process was documented along the Giudicaria Fault area in the 
west (Pomella et al., 2011, 2012) and similar process we suppose 
along the future Rába Fault zone in the east (e.g., Balla, 1994). 
Thus, the Rába Fault formed a boundary between the Eastern 
Alpine and Transdanubian units (cf. Hass et al., 2014). The Hur-
banovo–Diösjenő Fault is considered to be a south-eastward 
continuation of this boundary based on the calculation with 
the ~45º–50º counter-clockwise rotation of the Transdanubian 
Unit during the Early Miocene with respect to stable European 
Platform (e.g., Márton & Fodor, 2003; Márton et al., 2007).

The proposed model is supported by the following facts: (i) 
the late Priabonian to early Rupelian sediments of the Hungar-
ian Palaeogene Basin were reached only by boreholes drilled 
above the Transdanubian Unit; (ii) absences of the early Chat-
tian sediments in the study boreholes support the theory of 
eastward migration of the basin depocentre (Fig. 5; Tari et al., 
1993; Kázmér et al., 2003). (iii) furthermore, exhumation and 
erosion of the Danube Basin basement together with the Eo-
cene Hungarian Palaeogene Basinis indicated by provenance 
analysis of clastics and re-deposited Eocene microfauna. This 
is in accordance with borehole observation which proved that 
the Central part of the Danube Basin basement is composed 
of the Tatric and Veporic crystalline rocks almost without any 
Mesozoic and Palaeogene deposits (e.g., Biela, 1978; Fusán 
et al., 1987). This model is supported by continual Oligocene 
to Miocene exhumation revealed in the Western Carpathian 
crystalline core mountains (Malé Karpaty, southern portion of 
the Považský Inovec, Tribeč, and/or Žiar Mts.; Danišík et al., 
2004, 2008; Kováč et al., 1994; Králiková et al., 2014) and in 
the easternmost Alps (Rechnitz tectonic window; e.g., Dunkl 
et al., 1998, 2005; Dunkl & Demény, 1997). In addition, it is 
also documented by spacious Rupelian hiatus in the Bakony 
and Buda segments of the Hungarian Palaeogene Basin (e.g., 
Kázmer et al., 2003; Tari et al., 1993).

(2) The Hurbanovo–Diösjenő Fault and sub-parallel 
Rapovce Fault on Slovak territory was sealed by the Chattian 
(Kiscellian and Egerian) deposits located over the Northern 
Pannonian domain and Central Western Carpathians (Vass, 
2002). The elongated shape of the late Chattian to Burdigalian 
(Egerian to Eggenburgian) depocentre of the Pétervásara Basin 
(placed above the eastern prolongation of the Hurbanovo–
Diösjenő Fault; Tari et al., 1993; Sztanó, 1994) and restriction 
of the Eocene–earliest Oligocene deposits of the Hungarian 
Paleogene Basin by the fault, led to assumption that the Hur-
banovo–Diösjenő Fault represented a late Oligocene–Early 
Miocene dextral strike-slip fault zone. Structural data and 

palaeostress reconstruction document the NW–SE orientation 
of palaeostress compressional axis (e.g., Vass et al., 1993; Már-
ton & Fodor, 2003). The strike-slip faulting operated during the 
time when the ALCAPA microplate started to be structurally 
independent (e.g., Csontos et al., 1992; Kováč et al., 1994; 
Fodor et al., 1998). This opinion is supported by the sinistral 
strike-slip movement on the Darnó and Buda faults (Fig. 5), as 
well as by the dextral displacement of the individual portions 
of Slovenian–Northern Hungarian Palaeogene Basin more 
than 200 km to the east after the Oligocene (Báldi, 1984; Báldi  
& Báldi-Béke, 1985; Fodor et al., 1998).

(3) The Middle Miocene opening of the Danube Basin began 
in the earliest Langhian. At this time, the Želiezovce Depression 
represented the western part of the marine flooding spreading 
along the Hurbanovo–Diösjenő Fault towards the Novohrad–
Nógrád Basin in the east (Fig. 5). During the Langhian (Early 
Badenian) the Hurbanovo–Diösjenő Fault was depicted as sin-
istral strike-slip zone what is confirmed by as sinistral displace-
ment of the Lower Miocene sedimentary facies (Rapovce delta, 
Vass et al., 1993) and also by the elongated shape of the depo-
centre in the Želiezovce Depression (Fig. 5). Additionally, this 
is denoted by the NW–SE extension which gradually prevailed 
after the NNW–SSE compression. This paleostress change was 
revealed in most of the Western Carpathian areas (e.g., Vass et 
al., 1993; Marko et al., 1995; Kováč, 2000).

Latter depocentres of the Danube Basin were shifted more to 
the west and north (Hrušecký, 1999; Kováč et al., 2011) and the 
subsidence was controlled by the NE–SW to NNE–SSW trend-
ing normal faults (Fig. 5). The sinistral strike-slip faulting along 
the Hurbanovo–Diösjenő Fault was accompanied by the early 
Langhian counter-clockwise rotation of the Central Western 
Carpathians in association with the north-eastward movement 
trajectory (e.g., Márton & Márton, 1996; Márton & Fodor, 2003; 
Márton et al., 2007). This scenario of the basin opening along 
the southern margin of the ALCAPA microplate fits with the 
previous models (Fodor et al., 1998; Kováč et al., 1998a, 1998b; 
Kováč, 2000). After the Langhian (Early Badenian) the Hur-
banovo–Diösjenő Fault gradually extinct. The Transdanubian 
Unit was amalgamated with the Central Western Carpathian 
structure. The successive early Serravallian stretching of the 
Western Carpathians (ALCAPA) was placed to the central part 
of Danube Basin. 

During the Late Miocene, the Hurbanovo–Diösjenő Fault was 
most probably extinct and a significant subsidence in the Danube 
Basin centre was documented (Fig. 5). Tectonic cessation of 
the Hurbanovo–Diösjenő Fault associated with the Western 
Carpathians final docking and partly overthrusting onto the 
European Platform margin. Moreover, the Hurbanovo–Diösjenő 
Fault was interrupted by the Pannonian (Tortonian) – Pliocene 
transverse normal faults (see thickness in the MO-1, NV-1; Figs. 
2 and 3). The extensional tectonic regime with the principal mini-
mal palaeostress axis in NE–SW direction was accompanied by 
conjugate normal faulting (cf. Vojtko et al., 2008; Králiková et al., 
2010; Hók et al., 2011). The W–E trending normal faulting along 
the Hurbanovo–Diösjenő Fault with occasional earthquake oc-
currence can be considered to be the Pliocene to Quaternary in 
age (Šefara et al., 1998; Minár et al., 2011).
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6. conclusIons

Cenozoic geodynamics of the Central Western Carpathian and 
Northern Pannonian domain junction is reflected in disintegra-
tion and evolution of different types of basins. Analysis of their 
sedimentary fill allowed to refine stratigraphy, interpretation of 
various depositional systems, and verification of the different 
kinematics of the Hurbanovo-Diösjenő Fault (Figs. 4 and 5):

(1) The Hungarian Palaeogene retro-arc basin disintegra-
tion, emersion, and denudation of the pre-Neogene basement 
in Danube Basin were documented by sedimentological and 
structural analysis. It is possible to assume that this process 
can be dated to the Early–Late Oligocene, when the Central 
Western Carpathians and Northern Pannonian domain began 
to be independent segments in the Alpine–Carpathian–Dinaride 
system. This process associated with deformation along the Peri-
adriatic and Hurbanovo-Diösjenő faults between the northern 
and southern units of the Alpine-Carpathian orogenic system. 
The restraining/releasing bends of these faults (the Giudicaria 
and Rába faults) were developed.

(2) The Late Oligocene–Early Miocene eastward migration 
of the basin depocentre was controlled by compression with the 
principal NW–SE oriented axis which led to an assumption that 
the northern restriction of Palaeogene sedimentary strata along 
the Hurbanovo-Diösjenő Fault is tectonic in origin. The shape 
of the younger Pétervásara Basin, located above the eastern 
prolongation of the Hurbanovo-Diösjenő Fault, confirms the 
assumed dextral strike-slip movement along the fault. Opening 
of the basin depocentre above the transform boundary was in 
close relation with individualization of the ALCAPA microplate 
and was followed by its Early Miocene tectonic escape.

(3) Compression at the Early/Middle Miocene boundary led 
to shortening of the Central Western Carpathian edge, which was 
followed by partial emersion of the Danube Basin pre-Neogene 
basement (~17–16 Ma). This tectonic process was documented 
by sedimentological analysis of the earliest Langhian clastics in 
the Želiezovce Depression.

(4) The subsequent Middle Miocene rifting of the Danube 
Basin was linked with onset of volcanic activity and led to deposi-
tion of the Langhian (Early Badenian) volcaniclastic sediments 
in the Želiezovce Depression and Novohrad–Nógrád Basin 
(15–13.6 Ma). The variations in a thickness of strata and an 
elongated shape of the basin suggest sinistral strike-slip fault-
ing of the Hurbanovo-Diösjenő Fault. Moreover, a left-lateral 
offset of the Lower Miocene sedimentary facies in the basin fill 
is also documented. The evolution of the Western Carpathians 
and Northern Pannonian domain was coupled with extension 
trigged by the final movement of the ALCAPA crustal wedge 
northeastwards.

(5) The Serravalian (Late Badenian–Sarmatian) sedimenta-
tion in the Želiezovce Depression represented a syn-to post rift 
stage of the basin development (~13.6–11.5 Ma). Cessation of 
the fault activity and filling up in the eastern margin of the basin 
was documented.

(6) In the Late Miocene, after the soft-docking of the AL-
CAPA microplate with the European Platform in the north, the 
wide rifting phase of the Pannonian Basin was affected mostly 

by the pull (roll back) of ongoing subduction in front of the 
Eastern Carpathians. Sedimentary record of the eastern mar-
gin of Danube Basin (the Želiezovce Depression) revealed the 
Early Tortonian (Early Pannonian) flooding that was followed 
by a gradual filling-up of the accommodation space. Tectonic 
extinction of the Hurbanovo-Diösjenő Fault was evidenced dur-
ing this time. The restored function of this fault with a normal 
movement was expected during the basin tectonic inversion 
phase in the Early Pliocene.
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