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1 INTRODUCTION 

This report is a part of T4.2 where we analysed occurrence and properties of selected 
geomanifestations. We tested whether they confirm the evolved structural-geological model in task 
4.1. Datasets are based on approach as listed in Milestone M7a Inventory of available 
geomanifestations for the Pannonian basin case study. Point data, photos and fact sheets are stored 
separately, in EGDI, while description of geomanifestations is given in this report.  
 
The Pannonian Basin is a young, Neogene basin system on the top of a complex Paleo-Mesozoic 
crystalline and sedimentary sequences. It is built up of numerous subbasins of slightly different age, 
and core complexes and emerged island mountains. The following chapters focus on 
geomanifestations, geological and hydrodynamic models of the pilot areas, similar geotectonically.  
 
What is a geomanifestation? This term was initiated by Barros & Pissens (2020). They introduced the 
ŎƻƴŎŜǇǘ ƻŦ ƎŜƻƳŀƴƛŦŜǎǘŀǘƛƻƴǎ άǘƻ ŘŜŦƛƴŜ ŀƴȅ ŘƛǎǘƛƴŎǘ ƭƻŎŀƭ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ƻƴƎƻƛƴƎ ƻǊ Ǉŀǎǘ ƎŜƻƭƻƎƛŎŀƭ 
processes. These manifestations, or anomalies, often point to specific geologic conditions and, 
ǘƘŜǊŜŦƻǊŜΣ Ŏŀƴ ōŜ ƛƳǇƻǊǘŀƴǘ ǎƻǳǊŎŜǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ƛƳǇǊƻǾŜ ƎŜƻƭƻƎƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŀƴ ŀǊŜŀΦέ 
 
The investigation of geomanifestations in the Mura-Zala basin (Slovenia, Croatia, Hungary), Battonya 
High (Hungary, Romania) and the Northern Bosnia & Herzegovina territory (Figure 1) were prevailed by 
a stratigraphic harmonization and model-building process, which laid the foundation of the pilot area 
workflows. In the followings we added a geotectonic summary about the evolution of the Pannonian 
Basin, which is based on Budai & Maros (2018), and a short stratigraphic harmonization of the infilling 
sedimentary sequences of the basin. 

 

Figure 1: Pilot territories of the project AOI relevant for distribution of geomanifestations 
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2 STRUCTURAL FRAMEWORK OF THE PANNONIAN BASIN 

The Pannonian Basin is a young, Neogene aged basin system on the top of a complex Paleo-Mesozoic 
crystalline and sedimentary sequences. The whole basin is built up from numerous subbasins of slightly 
different age, and besides core complexes and emerged island mountains can be found within it. 
However, the whole Pannonia Basin is a repository of geomanifestations the following chapters will 
focus on geomanifestations, geological and hydrodynamic models of the pilot areas in the basin, which 
are similar in geotectonic build-up, but could be remarkably different from the types of 
geomanifestations in the depth and on the surface. What does it mean geomanifestation? This term 
was initiated by Barros & Pissens (2020) in an internal methodology report of the GeoConnect³d project. 
¢ƘŜȅ ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ƎŜƻƳŀƴƛŦŜǎǘŀǘƛƻƴǎ άǘƻ ŘŜŦƛƴŜ ŀƴȅ ŘƛǎǘƛƴŎǘ ƭƻŎŀƭ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ƻƴƎƻƛƴƎ 
or past geological processes. These manifestations, or anomalies, often point to specific geologic 
conditions and, therefore, can be important sources of information to improve geological 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŀƴ ŀǊŜŀΦέ  
 
The investigation of geomanifestations in the Mura-Zala, Battonya and the Northern Bosnia & 
Herzegovina territory of the project area (Figure 1.) were prevailed by a stratigraphic harmonization 
and model-building process, which laid the foundation of the pilot area workflows. In the followings we 
add a geotectonic summary about the evolution of the Pannonian Basin, which is based on Budai & 
Maros (2018) and a short stratigraphic harmonization of the infilling sedimentary sequences of the 
basin. 

 

2.1 The Pannonian Basin in the frame of the Alpine orogeny 

The Alpine orogenic system (Figure 2) was formed by the collision of the stable European Platform and 
the Adriatic microplate of the African Plate (Argand, 1924, Channell & Horváth, 1976). The collision 
resulted complex suture zones of different ages, nappe systems of different vergency, numerous crustal 
blocks and several oceanic crust fragments during the formation of the Alpine-Carpathian-Dinaridic 
system. Microplates were broken off the continental plates, and their movements were characterized 
by different rotations and extrusions. The polarity of the nappe systems along the suture zones was 
turned from North to South in the Alpes, from Northwest to Southwest in the Western Carpathians and 
in the Dinarides, to the East and to the South in the Eastern and Southern Carpathians. The obducted 
continental crust slabs appear either in the lower crust or the upper crust position (Handy et al. 2014). 
Due to the upwelling of the asthenosphere, the initiation of lower crustal or upper mantle detachments 
(Handy et al. 2014) and (Horváth 2007), the subductioning slab roll-back motion caused pull force led 
to an extension in the crust and formed the Pannonian Basin as an intramountain basin. 
  
The Pannonian basin infilling sediments and volcanic sequences situate on a complex geological setting 
(Figure 3). The Pannonian Basin itself, apart from the Vienna and Transylvanian Basins, is a geologically 
well-defined structure. Its sub-basins are the Kisalföld (Small Hungarian Plain or Danube Basin), the 
Steier Basin, the Drava Trench, the Eastern Slovakian Basin, and the Alföld (Great Hungarian Plain), 
together with the areas of Bácska, Bánát and Kárpátalja (Transcarpathia). 
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Figure 2: Geotectonic position of the Carpathian basin within the Alp-Carpathian-Dinaride system (after 

Haas et al. 2002) 

 
Figure 3: Main subbasins in the Pannonian Basin and their depth conditions (Budai & Maros 2020) 

The geodynamic and plate tectonic evolution of the Pannonian Basin and the basement of it can be 
divided into two main phases. The first, longer period that built up the basin of the later formed 
Pannonian Basin evolved during the Alpine cycle. We call it here as Pre-Pannonian phase. It started in 
the middle Permian and ended in the Early Miocene. The second phase, let us call it Pannonian phase 
started somewhere in the early and middle Miocene, in slightly different times within the different sub-
basins and lasted until recent times. About 5 million years ago a compressional inversion phase were 
initiated. 
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2.1.1 Pre-Pannonian phase 

 
By the end of the Carboniferous, a vast ocean called the Paleotethys penetrated the Pangea 
supercontinent from the east. At its southern margin, a new ocean called the Neotethys opened up 
(Ricou, 1994), from the middle Permian. This resulted in the closure of the Paleotethys Ocean and the 
start of the so-called Cimmerian orogeny in the Late Jurassic. A sub-branch of this Neotethys Ocean was 
Meliata-Vardar oceanic branch was situated in the northern part of it, where sequences of the Alcapa 
and Vardar Mega-units were deposited during the Triassic. 
 
From the west the rifting of the Central Atlantic Ocean was started in the Late Triassic as a crucial point 
of the Alpine orogeny. During this process oceanic sub-basins were opened up and developed as the 
Alpine Tethys (Stampfli & Borel 2002). The Tisza Mega-unit was isolated from the European Plate during 
this process in the Middle Jurassic (Csontos, Vörös 2004), and it was surrounded by the Meliata Ocean 
from the south and the Alpine Tethys from the north. The subsequent Codru, Villány-Bihor and Mecse 
units situated neighbouring along the edge of the Tisza Mega-unit. In the early middle Jurassic, the West 
Vardar oceanic branch isolated the latter Dinaric crust, and the new spreading centre caused obduction 
and initiation of accretional prism in the West Vardar and Dinaridic realm (Schmid et al. 2008).  
 
The Alpine orogeny itself was started with the closure of the Alpine Tethys in the Early Cretaceous 
(Figure 4). This time originated the Austroalpine nappe systems in the Alcapa Mega-unit (Ratschbacher 
et al. 1991), and the Mecsek, Villány-Bihor and Békés-Codru nappes were thrusted in the Tisza Mega-
unit more or less at the same time. With the closure of the Ceahlau-Severin oceanic branch the East 
Vardar units were trusted onto the Dacia Mega-unit and nappe origination were took place within it as 
well. 
 
The deeply buried nappes were highly metamorphosed and suffered plastic deformations. While the 
upper crust units suffered only light flexural structures or more intensive fold tectonics (Kovács et al. 
2000), during these processes. The basement Variscan crystalline rocks suffered retrograde Alpine 
metamorphism (Haas ed. 2001). 

 
Figure 4: Paleotectonic map for 84 Ma. (Handy et al. 2014) 
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In the late Cretaceous the collision was continued in the Dinarides, in the Alcapa and Tisza Mega-units, 
the Dacia Mega-Unit thrusted on the European plate at Moesia. Collisional magmatic events originated 
like banatites in the Tisza Mega-unit and the suture zones like the Pieniny and Sava zone were initiated 
(Schmid et al. 2008). A short orogenic event occurred in the East and South Carpathians (Laramide 
phase) affecting the Transylvanian Basin too (Schmid et al. 2008). 
 
The compressional phase was followed by quite rapid emergence and gravitational collapse starting in 
the Late Cretaceous. This was the so-ŎŀƭƭŜŘ άDƻǎŀǳ ŜǾŜƴǘΣέ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ŘŜǇƻǎƛǘƛƻƴ ƻŦ ǘŜǊǊŜǎǘǊƛŀƭΣ 
terrigenous, reef, and later a continuously deepening marine sequence above the folded and 
erosionally truncated surface of pre-Gosau formations. The chain of Gosau basins was surrounded by 
normal and strike-slip faults. Due to the north-south compression, the emerging nappe systems were 
deformed by transpressional stress fields (Froizheim et al.2008). 
 
5ǳǊƛƴƎ ǘƘŜ tŀƭŜƻƎŜƴŜ ǘƘŜ ƴŀǇǇŜ ǎǘŀŎƪƛƴƎ ŎƻƴǘƛƴǳŜŘ ƛƴ ǘƘŜ 5ƛƴŀǊƛŘŜǎ όaƛƻő, 2003), and the Hungarian 
Paleogene Basin was formed (Báldi, 1986) and stretched from Slovenia to the present Northern 
Hungary. From the plate tectonic point of view, this basin was a foreland, flexural-type basin (Tari et al. 
1993), subsidence of which was provoked by the load of the nappe stacks buckling the continental crust.  
 
The Alcapa Mega-unit, contemporaneously with the formation of the Paleogene Basin, was moving 
towards the ENE along the Periadriatic Lineament and the Balaton Line of the Mid-Hungarian Shear 
Zone (Kázmér & Kovács S. 1985). The Alcapa Mega-unit has a highly complex geologic setup and 
originated from the African Plate, while the nowadays south-situated Tisza Mega-unit has a European 
Plate origin. The two tectonic mega-units are attached to each other along the Mid-Hungarian Shear 
Zone which stretches SW to NE. The Mid-Transdanubian (Sava) unit, situated south of the Mid-
Hungarian Line (or Lineament), has two definitions in the most recent literature: according to Haas et 
al. (2000), it is defined as a highly deformed geologic unit with Southern Alpine origin, but excluding 
the Szolnok-Máramaros flysch belt (Figure 5). Schmid et al. (2008) and Ustaszewsky et al. (2008) have 
a different opinion, as they include the Szolnok-Máramaros flysch belt in the Sava unit. 

Figure 5: Position of the mega-units and units of the Pannonian Basin approx. 18 Ma. Modified after 
Haas [ed.] et al. (2002). 
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The geodynamic model of this movement can be explained as an escaping orogenic wedge, or as a 
gravitational collapse along with a dragging effect associated with the initial subduction beneath the 
Eastern Carpathians. Most likely, both effects were involved. The southern boundary of the Alcapa 
Mega-unit is well defined with steep shear zones and bunches of strike-slip structures in the upper 
crust, along the Mid-Hungarian Shear Zone (Csontos & Nagymarosy 1988). These strike-slip faults 
truncated the sedimentary sequences in the Paleogene sub-basins. These times the Mid-Hungarian 
Shear Zone and the Periadriatic lineament were in an effective continuation and acted as a dextral strike 
slip (Fodor et al. 1999) with transpressional revers faults (Palotai, 2013). The whole unit either in sense 
of Haas et al. (2000) or Schmid et al. (2008) can be interpreted as a suture zone of geodynamic mega-
melange of mainly South Alpine originated fragments and subunits with remarkable magmatic signal of 
tonalities with subordinate granodiorites. In our territory the Karavanke-Pohorje plutons are part of 
these intrusions. The Paleogene magmatic event may directly link to the shear zone, and can be 
followed in the Southern Alps to Slovenia and observed in the Hungarian Paleogene Basin as well. 
 
Cretaceous-Paleogene sedimentary units of the Szolnok-Máramaros flysch belt were deposited in the 
Magura Ocean, while the oceanic crust progressively subducted between the continuously north-
eastward moving Alcapa Mega-unit, the Tisza Mega-unit and the stable European Platform. This flysch 
belt is the pinched, sheared remnant of the oceanic crust between the Alcapa and Tisza Mega-units 
(Schmid et al. 2004). 
 
The formation and the main deformation phase along the Mid-Hungarian Zone occurred also in the 
Paleogene-early Miocene. During this process the Alcapa Mega-unit moved east-northeastward along 
this zone and rotated clockwise (Márton 2001). The Alcapa Mega-unit rotated the Tisza Mega-unit into 
the Magura Ocean, while deforming between them the pinched, sheared blocks of South alpine relation 
and sediments of the flysch ocean. (Balla 1984, Balla 1986, Balla 1988, Csontos et al. 1992, Fodor et al. 
1998) (Figure 5). 
 
By the Middle Miocene, mega-units in the basement of the Pannonian Basin had settled into their 
current position. In the Dinarides the dextral transpression re-occurred in the middle Miocene, the 
shortening in the external Miocene thrust belts along the arc of the Carpathians were active and 
contemporaneously, basin evolution processes started in the central part of the Alp-Carpathian-Dinaric 
orogene, which led to the formation of the Pannonian Basin. 
 
2.1.2 Pannonian Basin evolution phase 

 
Budai & Maros (2018) The history of the Pannonian Basin is in strong connection with a basin system 
which had been separated from the Alpine Tethys in the Paleogene and was named Paratethys. The 
initial real sea circumstances changed later in the Late Miocene into an endemic lake and completely 
filled up with sediments by the Pliocene. 
 
The shortening, caused by plate convergence of Adria and Europe gradually was overspeeded by the 
extension caused by the roll-back effect of the subducting slab (Dewey 1980) in the territory of the 
Pannonian basin. In other parts of the orogenic system, as in the foredeep basins of the Carpathian arc, 
contemporaneous thrust faults were active. In the territory of the back-arc type Pannonian Basin the 
main structural phases of the basin evolution can be explained by a thermo-mechanical and isostatic 
compensational model of Mckenzie (1978). The roll-back mechanism was accompanied by attenuation 
of the crust, which resulted in an asthenosphere upwelling (Royden & Horváth, 1988). This was 
strengthened by the asthenosphere flows (Kovács I. et al. 2012). In practical terms, the subsidence was 
due to the isostatic movement of the attenuated and low-density crust (i.e. Royden & Keen, 1980). In 
summary, the thermal flux of the crust increased. 
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The extensional tectonic regime was characterized by probably rotating extensional forces as the 
subduction processes propagated from Eastern Carpathians to Vrancea Zone and below the Dinarides 
(Matenco & wŀŘƛǾƻƧŜǾƛŏ, 2012). It was complicated by the rotation of mega-units as well, the axis of the 
main extensional force was probably rotated counterclockwise (Matenco & wŀŘƛǾƻƧŜǾƛŏ, 2012). In 
general the extension activated the fault planes of nappe systems, with emerging previously buried 
basement core complexes and went along listric and steep normal faults (Figure 6), originating grabens 
and half-grabens (Horváth et al. 2006). The highly complex structure of the basement, its original 
complexity and the rotation linked to extensional tectonics originated a very complex trench system. 
Characteristics of some sub-basins are linked partly to strike-slip shearing. 
 
In grabens and basins there are direct quantitative connections between sediment sequences, rotation 
and the tectonic event history (Balázs et al. 2016). 
 
The amplitude of extension was several hundreds of kilometres, with a rate of approximately 1.4ς1.6% 
for the whole territory and lithosphere (Lenkey, 1999). This rate may vary from 1.1% to 1.4% (Bereczki 
et al. 2017) in the individual sub-basins and for the rigid lithosphere, depending on the extensional fault 
pattern. Lithospheric extension rate of the mantle lithosphere may have been significantly higher than 
this. 
 
We divide the basin forming process into two significant part: the so called Synrift phase and the Postrift 
phase. The Synrift can be characterized by the maximum extension, lasted from Eggenburgian to middle 
Badenian. Coevally the Alcapa and Tisza Mega-units were rotated oppositely in several phases: 80º CCW 
and 100º CW respectively (Márton & Fodor, 2003, Márton et al. 2007, Fodor, 2010). Siliciclastic 
sequences were deposited in the inner basin in considerable thickness, while only in limited extension 
at the shorelines. 
 
The isostasy induced sinking reached balance in the Late Miocene, the start of a thermal balance may 
also have been achieved, which resulted in a cooling of the crust, which led to a thermal induced 
subsidence phase. This period is defined as a Postrift phase in the geologic literature (Horváth, 2007). 
The beginning of this Postrift phase is not contemporaneous in the Pannonian Basin, but generally 
started from the end of Sarmatian. The docking and collision of main units in the basement which had 
by then occurred in the Eastern Carpathian area then resulted in the fall of extensional forces and a 
quick basin inversion (Horváth, 1995). This post-Sarmatian inversion resulted in the folding of synrift 
deposits and erosion at certain part of the basin, in contrast to the very thick sediment accumulation in 
other parts of the basin. In summary, approximately 5000ς7000 metres thick sedimentary sequences 
were deposited during the Postrift phase (Figure 3). This was the time of Lake Pannon, which became 
totally isolated due to the contemporaneous emergence of the Carpathians and gradually filled with 
the terrestric sediments. At this stage the deformation regime was characterized by low amplitude 
strike-slip and normal faults, and with atectonic compaction. 
 
At the beginning of the Pliocene, subduction was practically terminated due to the gradual rise of the 
subduction dip angle, a northern compression of the Adria microplate that rotated counterclockwise, 
and started to dominate the stress field of the realm (Bada et al. 2007). Relative to all these processes, 
a compressional stress field came about within the Carpathian Basin. The subsidence had been changed 
to inversion in the mountainous area, while subsidence of deep sub-basins still continued (Horváth, 
Cloetingh, 1996). According to in situ stress measurements (Gerner et al. 1999), space geodesy methods 
(Grenerczy et al. 2005) and model calculations (Bada et al. 2007) this stress field is still active in the 
recent times. 
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Figure 6: Typical synrift halfgraben structure with its postrift cover (interpreted seismic profile). 
 

2.2 Stratigraphic harmonization 

The stratigraphic harmonization prevailed the 3D model building of the Pannonian Basin in the frame 
of the GeoConnect3d project. In this introduction we provide a short summary about the geohistory of 
the infilling sedimentary sequences in the Pannonian Basin and the results of the huge work of 
harmonization of the sedimentary and volcanic unit stratigraphy and synonym harmonization of the 
formation names. This chapter is based on Budai & Maros (2018) with extensions. 
 
Considering Early and Middle Miocene lithostratigraphic units, in case of some partner countries do not 
have already accepted, official names for the units, we temporarily used Hungarian names (e.g. in 
Serbia and provisionally Bosnia and Herzegovina, as well as in the areas along the border in Romania). 
Considering the Late Miocene units there is more or less a consensus using the Hungarian names; 
nevertheless, Slovakia has own names for its Pannonian lithostratigraphic units. The philosophy of 
displaying the harmonization was pointed out from Hungary occupying a central place in the Pannonian 
Basin. So almost all the charts (Figure 8-13.) contains a Hungarian column as a common point. The order 
of the charts is clockwise from south. 
 
The Hungarian Neogene is characterized by the formation, evolution and infilling of the Pannonian 
basin, which was a sub-basin of the former Paratethys over the last 24 million years. During this time, 
within the Intra-Carpathian region, 6000-7000-metre-deep sub-basins and ridges were formed. These 
were infilled with fine grained siliciclastic sediments that were transported from the continuously 
emerging areas of Alps and Carpathians.  
 
Early Miocene 

At the beginning of the Miocene, marine sedimentation was limited to the northern sub-basins of the 
Paleogene basin. The fine grained open marine sedimentation (Szécsény Schlier Formation) was 
characteristic mainly of the Late Oligocene, but this situation changed with the deposition of coarser 
grained material (Budafok Sandstone and Pétervására Sandstone Formations) in the Early Miocene, 
supplied by newly formed huge delta systems. The Eggenburgian sedimentary basin became filled up 
with the fluvial-alluvial succession (Zagyvapálfalva Formation) which was covered with the material of 
ǘƘŜ ά[ƻǿŜǊ wƘȅƻƭƛǘŜ ¢ǳŦŦέΦ ¢Ƙƛǎ ŀƭƭƻǿŜŘ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ ǇǊŜǎŜǊǾŀǘƛƻƴ ƻŦ ǘƘŜ άŦƻƻǘǇǊƛƴǘ ǎŀƴŘǎǘƻƴŜέ ƛƴ 
Ipolytarnóc Fossils Nature Conservation Area. In the South Slovakian Basins the Eggenburgian open 
marine sedimentation was manifested in the formation of the Filakovo Formation, and the marine 
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regression resulted in the deposition of the Bukovina Formation comprising continental deposits with 
rhyodacite tuffs. The Early Miocene of the Danube Basin in Slovakia represents a different 
sedimentation realm. 
 
From the Ottnangian onwards, coal deposition occurred in many areas of the evolving lacustrine and 
swamp environments (Salgótarján Formation ς both in Hungary and Slovakia).  
 
Simultaneously, in the early Miocene thick deposits of fluvialςalluvial sediments of the Szászvár 
Formation were deposited in the Tisza Mega-unit, and in the freshwater marshes on the alluvial plains. 
The intense andesite volcanism during the Early Miocene was related to the beginning of the 
subduction of the Magura Ocean (Mecsek Andesite, Peripannon Pluton Formation in Slovenia). Similar 
continental sediments can be found in the Transdanubian Range Unit, in western forelands of the 
Transdanubian Range (Somlóvásárhely Fm). 
 
In the Hravatsko Zagorje Basin (Croatia) the late Oligocene ς early Miocene was predominated by shelf 
prodelta sediments (Meljani Formation), marine-brackish shoreface, delta and prodelta deposits 
(Golubovec Formation) and the prevailiƴƎƭȅ ǎƘƻǊŜŦŀŎŜ aŀŎŜƭƧ CƻǊƳŀǘƛƻƴΣ ǘƘŜ 2ŜƳŜǊƴƛŎŀ aŜƳōŜǊ ƻŦ 
which shows shoreface-offshore transition. The Ottnangian Bednja and the Karpatian Crkovec 
Formations also represent shorefaceςoffshore transition. The offshore character of the Crkovec 
Formation becomes more pronounced towards the corresponding Slovenian Haloze 
Formation.Extensional tectonics related to the late-stage evolution of the Dinarides and the opening of 
the Pannonian Basin allowed the formation of freshwater sedimentary basins in the Dinarides (Dinaric 
and Serbian Lake Systems) and in the southern margin of the Pannonian Basin (Kiskunhalas Formation). 
In the Mecsek Mts. (S Hungary) syn-rift age sediments crop out to the surface. These freshwater (at 
most slightly brackish-water) deposits are supposed to be coeval with the initiation of extension (Sebe 
et al. 2018). 
 
The early Miocene succession of the North Croatian Basin more or less corresponds with the Zala-Dráva-
Mecsek area in S Hungary. The alluvial Daranovci Formation can be correlated with the Szászvár 
Formation and the lacustrine members of the Glavnica Formation can be correlated with the 
Kiskunhalas Formation which has only been clarified somewhat by recent research. 
 
In the charts showing the lower Miocene units of Serbia and the Samac-Orasje Depression of Bosnia-
Herzegovina the Vrdnik Series corresponds to the Hungarian Szászvár Formation. For the syn-rift 
lacustrine sediments the Kiskunhalas Formation has been used. The Tuzla Basin has its own succession 
with local names. 
 
In N Hungary the Karpatian marine sedimentary cycle starts with coarse-grained clastic beds of the 
Egyházasgerge Formation. As the sea level rose, fine-grained siliciclastic sequences were deposited in 
the open basins (Garáb Schlier Formation). At the end of the Karpatian coarse-grained and carbonate 
sedimentation (Fót Formation) took place again due as the sea became shallower. In the South 
Slovakian Basins, the Salgotarjan Formation passes up into the Modry Kamen Formation with consists 
of mixed marine and brackish sandstones/siltstones, upwards passing into littoral and bathyal 
sediments, classified into 3 members. 
 
The Eggenburgian open-marine deposits of the Presov Formation and Celovce Formation in the East 
Slovakian Basin correspond to the Burkalo Formation in the Trans-Carpathian Trough of Ukraine. 
{ǳōǎŜǉǳŜƴǘƭȅ ŀ Ƙȅŀǘǳǎ ƛƴ ǘƘŜ hǘǘƴŀƴƎƛŀƴΣ ǘƘŜ {ƭƻǾŀƪƛŀƴ ¢ŜǊƛŀƪƻǾŎŜΣ {ƻƭΩƴŀ .ŀƴŀ ŀƴŘ YƭŀŘȊŀƴȅ 
Formations of Karpatian age can be correlated with the Tereshul Formation in Ukraine. 
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Middle Miocene 

In the Badenian age of the Middle Miocene, pelagic basins were formed in the trenches opened up in 
the Karpatian and earliest Badenian. The first deposits ς made up of breccia, conglomerate and 
sandstone comprising tuffaceous intercalations ς belong to the Abony Formation in the Great 
Hungarian Plain. Transgression resulted in the deposition of fine-grained siliciclastic sediments (Baden 
Formation). In the early Badenian (~ Langhian) along the shores ς with minimum or moderated 
terrigenous influx ς the highly variable lithofacies of Leithakalk (Lajta Limestone Formation Pécsszabolcs 
aŜƳōŜǊҐ ά[ƻǿŜǊ [ŜƛǘƘŀƪŀƭƪέύ ǿŜǊŜ ŦƻǊƳŜŘΦ Lƴ ŎŀǎŜ ƻŦ ƘƛƎƘŜǊ ŦƭǳǾƛŀƭ ƛƴŦƭǳȄ ŦǊƻƳ ǘƘŜ ƘƛƴǘŜǊƭŀƴŘΣ 
shoreface conglomerates, pebbly sandstones, sandstones and sand were deposited [Budafa Formation 
(S Transdanubia), Pusztamiske Formation (NW Transdanubia)]. A temporary shallowing took place 
during the middle Badenian resulting in coal formation in the Mecsek (Hidas Formation) Indications of 
evaporites in well successions correlate with the Badenian Salinity Crisis (~13.8 Ma). 
 
Badenian marine deposition started earlier in the Slovenian area. The Haloze Formation of Karpatian-
early Badenian age comprises different lithofacies, such as conglomerate and breccia, as well as marl, 
siltstone and sandstone with tuff interbeddings. The Spilje Formation in Slovenia (comprising several 
members/lithofacies) is of Badenian and Sarmatian ages and represents shoreface to offshore-bathyal 
sedimentary environments. It corresponds to the Hungarian Baden Formation (including the former 
Tekeres Schlier and Szilágy Clay Marl as members) and Lajta Limestone Formation, as well as the 
Sarmatian Kozárd and Tinnye Formations. In the Hravatsko Zagorje Basin and the North Croatian Basin 
the Badenian Veljanica Formation and Sarmatian Dolje Formation ς both of offshore facies ς and the 
±ǊŀǇőŜ CƻǊƳŀǘƛƻƴ ό.ŀŘŜƴƛŀƴύ ŀƴŘ ǘƘŜ tŜŏƛƴƪŀ aŜƳōŜǊ ƻŦ ǘƘŜ 5ƻƭƧŜ CƻǊƳŀǘƛƻƴ ό{ŀǊƳŀǘƛŀƴύ ƳŀŘŜ ǳǇ ƻŦ 
shoreface carbonates, correspond to the members of the Spilje Formation in Slovenia and the Baden 
Formation and Lajta Formation, as well as the Kozárd and Tinnye Formations in Hungary (see later).  
 
For Badenian and Sarmatian offshore and shoreface units, Hungarian names have been used in Serbia 
and Bosnia-Herzegovina (see HUςSRBςBIH chart). Abony Formation (coarse clastic succession 
underlying the Badenian marine sediments in the Great Hungarian Plain) and Budafa Formation 
(shoreface coarse clastics and sandstone of early Badenian age) have also been depicted in the chart. 
In the Danube Basin the lower Badenian Bajtava Formation comprising transgressive marginal 
conglomerates, sandstones and volcanoclastics is overlain by a siliciclastic succession (siltstones, 
calcareous clays) called Spacince Formation. This is followed by the Pozba Formation consisting of 
calcareous clays, siltstones and sandstones and volcanoclastics. Biogenic limestones are also found in 
the marginal areas. The fine-grained Badenian siliciclastics correspond with the Baden Formation, 
whereas the Sarmatian Vrable Formation can be correlated with the Kozárd Formation in Hungary. 
 
Due to the continuous subduction of the European Plate, an intensive, island arc-type andesite 
volcanism took place during the mid-Badenian, and a chain of great volcanoes were formed along the 
inner arc of the emerging Carpathians (N Hungary: Börzsöny-Visegrád and Mátra Volcanic Formation 
Groups).  
 
In the East Slovakian Basin volcaniclastic deposits (Nizny Hrabovec Formation) of early Badenian age 
can be found. The Mirkovce Formation occurs in the western part of the basin and comprises 
monotonous grey claystones and siltstones originated from below the wave base. The Middle Badenian 
in the central basin part is represented by the Vranov Formation made up of siliciclastics (sandstone 
and pelites). The deep-marine environment changed into a shallow-marine one and later to a lagoonal 
one and evaporites of the Zbudza Formation were deposited. In the Ukrainian area the before 
mentioned evaporites correspond to the Novoselytska, Tereblianske Formation and Solotvino 
Formation formed due to a regression. [From the upper part of the Badenian onwards up to the 
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Pannonian lithostratigraphic units can be well correlated between E Slovakia and Ukraine (see the 
lithostratigraphic chart)]. 
 
During the sea-level rise in the late Badenian, carbonate sedimentation took place in shallow marine 
shelf environments (Lajta Limestone Formation Rákos Member Ґά¦ǇǇŜǊ [ŜƛǘƘŀƪŀƭƪέύΣ ǿƘƛƭŜ 
sedimentation was characterized by fine-grained siliciclastic deposits in the open marine environments 
(Baden Formation Szilágy Clay Marl Member). 
 
In the Middle Miocene, at the beginning of the Sarmatian, volcanic activity renewed with rhyolitic tuff 
falls, followed by carbonate sedimentation in shallow marine shelf environments. The volcanism, 
predominantly felsic, andesite, rhyolite and dacite, moved eastward along the inner arc of the 
Carpathians, to the Tokaj-Nyírség area. There it formed huge stratovolcanoes. In the South Slovakian 
Basins the Halic, Vinica, Opava, Lysec and Pokoradza Formations represent volcanic activity. 
 
During the entire Sarmatian, in shoreface environments biogenic calcarenite, coarse, porous limestone, 
oolithic-bioclastic limestone, pebbly calcareous sandstone and locally pea gravel belonging to the 
Tinnye Limestone Formation deposited. Towards the open sea there is a transition from the Tinnye 
Limestone into the offshore clay marl, marl and siltstone (Kozárd Formation). 
 
Late Miocene 

Evolution of the Carpathian Basin during the Late Miocene was determined by thermal subsidence, in 
contrast to the Middle Miocene extensional tectonics. In accordance with the changing tectonic 
regimes, sedimentation patterns also changed. By the beginning of the Middle Miocene the central 
basin of the former Paratethys had closed completely, forming a lake with no runoff. This was Lake 
Pannon, which gradually became a freshwater lake due to continuous river inflow. 
 
The evolution of the Lake Pannon can be divided into three main phases. At the end of the Sarmatian, 
the Carpathian Basin was separated from the Paratethys, erosion started on the emerging areas near 
shore, and freshwater input increased. The second phase occurred during the continuous rise of the 
sea-level, when the lake filled the whole Carpathian Basin. The third phase occurred during a slow 
regression and infilling of the basin, which was terminated at the beginning of the Pliocene (Figure 7). 
 
Continuous infilling of the Lake Pannon was accomplished by the sediment influx of rivers originating 
in the elevating areas of the Alps and Carpathians. The intense NW sediment input (from Sarmatian 
delta systems at the edge of the Danube Basin). Later, there was NE input from the Eastern Carpathians, 
as well as from the Dráva and Mura valleys. Delta systems started to develop on the coastal areas of 
the basin, then gradually prograded into its inner parts. The water might have been a thousand metres 
deep in the deep inner areas, due to continuous subsidence, e.g. in the Békés Trough. During the 
transgression, a calcareous marl with high organic content was deposited onto the top of the basement 
ό9ƴŘǊǃŘ CƻǊƳŀǘƛƻƴύΤ ǿƘƛƭŜ ƛƴ ǘƘŜ ŘŜŜǇŜǊ ŎŜƴǘǊŀƭ ŀǊŜŀǎ ƻŦ ǘƘŜ ōŀǎƛƴ ǘƘŜ ǎŜŘƛƳŜƴǘŀǊȅ ŜƴǾƛǊƻƴƳŜƴǘ ǿŀǎ 
characterized by very thick turbidites (Szolnok Formation). 
 
On the delta plain and at the delta front, there were various lithologies dominated by clay-silt 
ǎŜŘƛƳŜƴǘŀǘƛƻƴ ǿƛǘƘ ǎŀƴŘǎǘƻƴŜ ƛƴǘŜǊōŜŘŘƛƴƎǎΤ ƻƴ ǘƘŜ ŘŜƭǘŀ ǎƭƻǇŜΣ ŎƭŀȅƳŀǊƭ ŀƴŘ ǎƛƭǘ ǿŀǎ ŘŜǇƻǎƛǘŜŘ ό!ƭƎȅǃ 
Formation). 
 
In Slovakia (Danube Basin and Komarno-{ǘǳǊƻǾƻ ŀǊŜŀύ ǘƘŜ 9ƴŘǊǃŘΣ {Ȋƻƭƴƻƪ ŀƴŘ !ƭƎȅǃ CƻǊƳŀǘƛƻƴǎ 
correspond to the Ivanka Formation.  
 






















































































































































































