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INTRODUCTION

Geological mapping is the oldest research method for establishing a base for geological knowledge (LYELL 1830). The
visible and concrete result of this method is a geological map of our wider and narrower environment, complete with an
explanatory book; the purpose of the latter is to help with the interpretation. The development of new geological research
methods, and the information gathered from these, help towards discovering more aboutthe geological build-up of a
particular country — in this case Hungary. Furthermore, it necessitates the compilation of new detailed geological maps
which provide an overview of Hungary in accordance with the most up-to-date knowledge and technology available, along
with explanatory books helping their interpretation (KERCSMAR et al. 2015).

The first “classical” geological map depicting the whole Carpathian Basin (and thus, the whole territory of Hungary)
was published in Vienna, at the time of the Austro-Hungarian Empire (HAUER 1867). It was followed thirty years later (in
1896) by the 1:1,000,000-scale Geological Map of Hungary, which was published by the Hungarian Geological Society and
the Hungarian Royal Geological Institute, under the patronage of Andor Semsey (BOCKH et al. 1896). After another thirty
years, in 1922, a new geological map was published of Hungary at a scale of 1:900,000 (Lo6czy, Papp 1922). Later a
1:300,000-scale map was compiled, representing the new area of the country, which lost two-thirds of its territory after
WWI1 (BALOGH et al. 1956). The latest published geological overview map (1:500,000) of Hungary dates back 30 years
(FuLop et al. 1984). However, no explanatory book was made to accompany this map. Since that time our knowledge about
the geology of the country has been expanded with (i) the geological mapping of several regions (KORPAS ed. 1998; BUDAI
et al. 1999, GYaLOG, HORVATH eds 2004, SZENTPETERY, LESS eds 2006, PELIKAN, Bupal eds 2005, Bupal, Fopor eds 2009)
(i1) with stratigraphic and litostratigraphic summaries (GYALOG ed. 1996, BErczl, JAMBOR eds 1999, GYALOG, BUDAI eds
2004), and (iii) with comprehensive monographic works (FULOP 1990, 1994; HAAS 2004).

At the beginning of the 1990s a lithostratigraphy-based uniform legend system of the geological formations of Hungary
was established. This was in line with the objectives laid down in the frame of the EOFT project (Egységes Foldtani
Térképrendszerek = “Unified National Geological Map System”) of the Geological Institute of Hungary (GYALOG ed.
1996). Based on this uniform classification, ten years later a 1:100,000-scale digital geological map, was compiled (GYALOG
ed. 2005). On the basis of the 1:100,000-scale map series (containing 88 map sheets), four years later a Geological Atlas of
Hungary was published (BUDAI, GYALOG eds 2009). It contained a 1:200,000-scale geological map, compiled on the basis
of the map (GYALOG, BUDAI eds 2009).

From these the two maps (the basis of which is a digital database), the newest overview surface geological map
(1:500,000) of Hungary was created (with appropriate merging according to the scale) (GYALOG 2013). This map was
published 30 years after the mapping of FULOP et al. (1984); it depicts the geological formations of Hungary not by their
lithological characteristics, but on the basis of their respective lithostratigraphic bases, as approved by the Hungarian
Stratigraphic Commission. Lithostratigraphic units older than Pleistocene, as well as Pleistocene and Holocene formations
were considered alongside integrated stratigraphic, facies, genetical and distribution information.

According to this, in contrast with former practice, the explanatory book of the map is not limited to the brief description
of the lithology and the palaeontology. It contains the description of the lithostratigraphic units according to our current
knowledge, revealing also the relationship of one unit to the other. The book is special also from another aspect: experts of
the respective geological ages were asked to write the chapters of the explanatory book; however, they did not participate in
the compilation of the map. As a consequence, there are some theoretical contradictions in connection with the aggregation
and depiction of several formations; these points are explained along with the descriptions of the formations. A typical
problem was that some important formations are not shown on the maps due to the small scale used and the aggregations.
These rock units are described in the explanatory book and are marked with a superscript star after the name of the formation
(for example Pisznice Limestone™*). The authors of the explanatory book put the most recent stratigraphic results in the
descriptions. These results, however, were changing even during the time of the writing and compilation of the book. At the
right place, mostly due to the stratigraphic modifications affecting the Miocene chapters (for example at the beginning of
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chapter Upper Miocene), a brief description of the changes is attached to the given stratigraphic units. Where the new results
have not been published yet, but have been already approved by the stratigraphic working groups, we refer to them with
“personal communication”.

The surface geological explanatory book is related to the explanatory book “Geology of the pre-Cenozoic basement of
Hungary”, published at the end of 2014 (HAAS, BuDAI eds 2014). As a consequence, the description of the surface pre-
Cenozic formations is less detailed than that of the Cenozoic formations. A detailed description of the pre-Cenozoic units
and the interpretation of the relationships are found in the work of Haas, Bubai ed. (2014).

The two new explanatory books made for the newest, 1:500,000-scale geological maps are the most complete and most
recent summaries of the geology of Hungary. Their combined use provides fresh and concise geological information on the
geology of Hungary.



GEOLOGICAL BUILD-UP OF THE REGIONS OF HUNGARY

DUNANTULI-KOZEPHEGYSEG (TRANSDANUBIAN RANGE)

The SW-NE-striking ridge of the Transdanubian Range stretches from the Keszthely Mountains up tothe
Pilis—Visegrdad Mountains (Figure 1). It is dominantly made up of Triassic formations (Figure 2), the total thickness of
which reaches 3 kilometres. Older, Palacozoic formations crop out from below the Triassic successions in the area of the
Balaton Highlands, and the Balatonf6 and Velence Mountains. Younger, Mesozoic (Jurassic and Cretaceous) formations
cover larger areas in the upland regions of the Bakony and the Gerecse.

Figure 1. Map of the regions of Hungary

The Keszthely Mountains rise at the south-western end of the Transdanubian Range and are made up of Upper Triassic
shallow marine dolomite and limestone. Basaltic mezas occur in the Zalaszanté—Varvolgy Basin (in the northern foreland
of the mountains) and in the Tapolca Basin. These remnant hills rise from the loose, Miocene sediments of their
surroundings.

The Bakony region forms the south-western part of the Transdanubian Range. It has a prolonged (in a NE-SW direction)
bowl-shaped (syncline) structure made up of Palaeozoic and Mesozoic rocks, the south-eastern limb of which crops out in
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the area of the Balaton Highlands. In the axis of the syncline Jurassic and Cretaceous formations are deposited. The
Palaeogene and Miocene sediments cover large areas in the inter-mountain basins and on the Little Plain, which is the
foreland of the mountains.

The Carboniferous granite, which forms part of the crystalline basement of the Transdanubian Range, crops out in the
Velence Mountains. The granite is enfolded by older Palaeozoic metamorphic rocks. The northeastern part of the mountains
is made up of Eocene andesite.

The northeastern ridge of the Transdanubian Range comprises the Vértes, the Gerecse, the Buda Hills, the Pilis and the
Visegrad Mountains. The Vértes Mountains, which are primarily made up of Upper Triassic dolomite, are separated from
the Bakony by the Mér Trench. Its northern foreland is covered with Palaeogene (Eocene and Oligocene) sediments, while
those in its southern foreland are Upper Miocene (Pannonian). The main mass of the Gerecse is made up of Triassic shallow
marine limestone, while the younger Mesozoic (Jurassic—Cretaceous) formations are dominantly known to occur in the
northern part of the mountains. Thicker Palacogene formations occur on the area of the Tatabdnya and the Dorog Basins,
which represent the southern and eastern forelands of the mountains. The bulk of the Buda and the Pilis Mountains is made
up of Upper Triassic shallow marine dolomite and limestone. In the Buda Hills the Upper Eocene and the Oligocene
formations cover larger areas, while the occurrence of the Miocene sediments is restricted to the forelands of the mountains.
The Visegrdd Mountains is situated at the northeastern ending of the Transdanubian Range. In a geological sense, it already
belongs to the Miocene volcanic arc of the North Hungarian Range.



ESZAKI-KOZEPHEGYSEG (NORTH HUNGARIAN RANGE)

The western part of the Miocene volcanic arc of the North Hungarian Range is represented by the Borzsony Mountains,
the geology of which is similar to that of the Visegrdd Mountains; the latter are separated from the former by the Danube.
The geology of the two mountain regions is characterised by the alternation of Middle Miocene andesite and dacite lava
rocks and pyroclastic rocks (agglomerate, tuff). The middle section of the Miocene andesite volcanic arc is represented by
the Cserhdt Hills and the Mdtra Mountains to which, in the north, the basalt area of the Karancs—Medves upland region
joins. The Miocene andesite and the Pliocene basalt overlie (and penetrate) the older (Oligocene and Miocene) clastic
sedimentary formations.

The block of the Biikk Mountains wedges into the Miocene volcanic wreath of the North Hungarian Range. It is made
up of sedimentary rocks. The oldest, Palaeozoic formations crop out in the northern part of the Biikk (North Biikk Anticline)
and north of it, in the Uppony Mountains (Figure 3). Most parts of the Biikk Plateau are made up of thick Middle—Upper
Triassic shallow marine carbonates, which alternate with deep marine sediments in the south-eastern part of the Biikk. The
south-western part of the Biikk region is dominantly made up of Jurassic deep marine clastic sediments and magmatic rocks
(Figure 4). During the Cretaceous— Palaeocene the rock mass making up the region was intensively folded and foliated. As
a result of the uplift, the area was affected by significant denudation. Palaeogene marine sediments occur on the south-
western margin of the mountains. The southern foreland of the mountains (Biikkalja— Biikk foothills) is mostly covered with
Miocene volcanic rocks, with shallow marine sediments overlying them. The Biikk and the Métra regions are bordered by
Miocene sediment-filled basins in the north (Borsod Basin and N6grad Basin).

The Aggtelek Karst and the Rudabdnya Mountains are situated in the north-eastern part of the North Hungarian Range.
They are mostly made up of Mesozoic sedimentary rocks and have a rather complicated structure (Figure 5). The Szendr6
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Figure 4. P Precenozoic on the surface in the Biikkk Mountain (after Haas,
Bubal eds 2014 modified)

Legend: 4C —Szilvasvarad Fm, 3C — Malyinka Fm, 4Pa — Szentlélek Fm, 4Pb
— Nagyvisnyo Limestone, 20T — Gerennavar Limestone, 16T — Hamor
Dolomite, 15Ta — Szentistvanhegy Metaandesite, 15Tb — Varhegy Fm, 11T —
Berva, Fehérkoi, Biikkfennsik, Kisfennsik Limestone, 8T — Létras and Szinva
Metabasalt, 7T — Hegyestet6 Fm, Felsétarkany Limestone, 4Ja — Banyahegy
Radiolarite, 4Jb — Lokvolgy Fm

Mountains, which belongs to the Cserehdt, are made up of
slightly metamorphic Palaeozoic sedimentary rocks. The
forelands of the mountains are covered with young,
Miocene (Pannonian) clastic sediments.

The Tokaj Mountains represent the north-eastern part of
the Miocene volcanic arc of the North Hungarian Range.
This range is made up of Middle and Upper Miocene
rhyolite, andesite and dacite. It is bordered by the Herndd
River in the west, and by the valley of the River Bodrog in
the east.

THE MECSEK AND THE VILLANY HILLS

The two inselbergs of the South Transdanubian region
are the Mecsek and the Villany Hills (Figure 6). The oldest
surface formations of the Mecsek (Palacozoic metamorphic
rocks, Carboniferous granite) are known to occur in the
eastern part of the mountains, in the area of the Geresd Hills.
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Figure 5. Precenozoic on the surface in the Aggtelek and Rudabanya Hills (after Haas, Bupareds 2014

modified)

Legend: 2Pa — Hidvégardé Complex, Perkupa Anhidrite, 2Pb — Bodvavolgy Ofiolite, 20T — Bodvaszilas
Sandstone, Szin Marl, Szinpetri Limestone, 17T — Gutenstein Fm, Rudabanya iron ore-bearing beds, 16T
— Steinalm Limestone, 14T — Szentjanoshegy Limestone, 12T — Dunnateté Limestone, Bodvarako Fm,
Boédvalenke Limestone, Szarhegy Radiolarite, Reifling, Derenk, Nadaska Limestone, 11T — Wetterstein
Limestone, 9T — Tornaszentandras Slate, 7Ta — Hallstatt, Potschen, Nagyké Limestone, 7Tb —

Zlambach Marl, 8Ja — Telekesvolgy Complex, 8Jb — Telekesoldal Complex

10




The western part of this mountain area is a large anticline (West Mecsek Anticline),
composed of thick Permian — Lower Triassic clastic sedimentary rocks, Middle
Triassic carbonates, as well as Upper Triassic clastic rocks.

In contrast with this, the bowl-shaped structure of the eastern part of the Mecsek
is dominantly built up of Jurassic clastic and carbonatic sedimentary rocks, and
Lower Cretaceous volcanic rocks (East Mecsek Syncline); this is the same as the
northern structure of the mountains (known as the “Northern Sliver”). In the middle
part of the mountain, Lower Miocene andesite can be found, while in the northern
foreland Miocene sediments have significant surface occurrences. The structure of
the Villdny Mountains is made up of a series of slivers, which have shifted one onto
the other. In this rock series Middle and Upper Triassic, Jurassic and Lower
Cretaceous carbonate successions are repeated. The surroundings of the two
mountains are covered with Quaternary sediments.

DUNANTULI-DOMBSAG (TRANSDANUBIAN HILLS)

The Transdanubian Hills comprises the Somogy Hills south of Lake Balaton, and
west of it, the Zala Hills. In both areas Late Miocene (Pannonian) sediments represent
the oldest surface formations and these are covered with large areas of loess. The
characteristic formation of the area between the two hilly regions is the fluvioeolian
sand.

KISALFOLD (LITTLE HUNGARIAN PLAIN) AND ALPOKALIJA

The bulk of the Little Hungarian Plain is covered with the fluvial sediments of the
River Danube and the River Rdba. The thickness of these sediments is locally
significant (several hundreds of metres). The area is bordered by the Alpokalja region
in the west and the Transdanubian Range in the south-east. At the foot of the hills
mostly Upper Miocene (Pannonian) clastic sediments occur. Along the margin of the
Little Plain, at the foot of the Bakony, several smaller basalt bodies can be found.

The foothills of the Eastern Alps in Hungary are built up of nappes. These
foothills are represented by metamorphic rocks which crop out along the western
border, in the area of the Alpokalja. The Sopron Mountains are made up of gneiss and
mica schist, while the K&szeg Mountains consist of Jurassic—Cretaceous
metamorphic rocks. The crystalline rocks are enclosed by young, Miocene and
Quaternary sediments which can be found in the forelands of the mountains.

ALFOLD (GREAT HUNGARIAN PLAIN)

Most parts of the Great Hungarian Plain are covered with Quaternary, loose,
clastic sediments. The Pleistocene succession is dominantly made up of fluvial
sediments, which are composed of cyclically alternating gravel, sand, silt and clay.
The thickness of the succession varies in the different parts of the Great Hungarian
Plain; for example, in the Jaszsdg Basin, its thickness is 400m (in the Maké Trench)
but it may attain 1200m in other areas. The Upper Pleistocene loess is primarily
characteristic on the mountain margins of the basins of the Great Hungarian Plain and
on the Mez6fold, while the Upper Pleistocene — Holocene wind-blown sand mostly
occurs in the Danube-Tisza Interfluve (Kiskunsdg) and in the Nyirség. Holocene
sediments are represented by the floodplain sediments of the rivers and the
characteristic formations of alkaline areas.
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Figure 6. Precenozoic on the surface in the
Mecsek and Villiny Mountains (after HAAS,
Bupai eds. 2014 modified)

Legend: 3Pz — Ofalu Group, 5C — Moéragy
Granite, 8P — Korpad Sandstone, Kasé Fm,
7P — Gyurifti Rhyolite, 6 P— Cserd Fm, 5P —
Boda Claystone, 1P — Ko&vagoszolés
Sandstone, 19T — Jakabhegy Sandstone, 18T
— Patacs Siltstone, 17T — Hetvehely Fm,
Viganvar Limestone, Rokahegy Dolomite,
Lapisi Limestone, 16T — Csukma Fm,
Templomhegy Dolomite,13T — Kantavar
Fm, 12T — Zuhanya Limestone, 10T —
Mészhegy Fm, 6T — Karolinavolgy Sand-
stone, 9J — Mecsek Coal, 6] — Vasas Marl,
Hosszuhetény Calcareous Marl, Mecsek-
nadasd Sandstone, Kecskehat Limestone,
Rékavolgy Siltstone, Komlé Calcareous
Marl, 2Je — Obanya, Fonyaszo, Kisujbanya,
Marévar Limestone, 2Jf — Somssichhegy
Limestone, 2Jg — Villany Limestone, 2Jh —
Szarsomlyo Limestone, 10K — Mecsekjanosi
Basalt, 9Ka — Magyaregregy Conglomerate,
9Kb — Hidasivolgy Marl, Apatvarasd
Limestone, 7K — Nagyharsany Limestone
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(GEOLOGICAL DESCRIPTION OF THE SUPERFICIAL
FORMATIONS OF HUNGARY

PALAEOZOIC (UNDIVIDED)

Mica schist, gneiss, amphibolite (Vilyvitany Mica Schist — 4Pz)

Metamorphites occurring in the northern part of the Tokaj Mountains (Tokaji-hegység) include medium- and high-
grade disthene, staurolite and sillimanite mica schists, and paragneisses. One can also observe amphibolite intercalations
(FULOP 1994). Locally the rocks show signs of mylonitization; the bulk of these rocks have undergone high-grade
kaolinization, sericitization and sideritization. Their thickness is unknown. The radiometric age, 312 Ma, marks the time
period of the metamorphism.

Gneiss, quartz phyllite, crystalline limestone, serpentinite, amphibolite (Ofalu Group — 3Pz)

The tectonic zone of the Mecsekalja Belt is situated south and east of the Mecsek Mountains and is made up of
metamorphised tectonic mega-breccia; in the latter phyllite, amphibolite, serpentinite and gneiss, as well as crystalline
limestone and metasandstone occur (FULOP 1994, BALLA, GYALOG eds 2009). The rock body has a tectonic contact with the
Moéragy Granite, as well as with the Lower Jurassic series of the East Mecsek.

22

Gneiss; metagranite, amphibolite (Sopronbanfalva Gneiss, Fertorakos Crystalline Schist,
Godolyebérc Amphibolite — 2Pz)

Foliated gneiss (biotite-muscovite gneiss) can be found in the crystalline schist series of the Soproni-hegység (Sopron
Mountains). This formed as a result of the alteration of the granite body that was injected into the Palacozoic sedimentary
rock succession (Sopronbdnfalva Gneiss). The quantity of the amphibolite and the leucophyllite (quartz—muscovite schist)
is less; they occur as lenses or are bound to certain horizons. Probably, their original material was basic volcanic rock
(Godolyebérc Amphibolite) (FULOP 1990, LELKESNE FELVARI 1998). The outcropping metamorphites in the vicinity of
Fertdrakos are amphibolite schists, mica schists and gneisses (Fertdrdkos Crystalline Schist). The first metamorphic event
took place 280-300 million years ago. It was followed by another, ca. 70—80 million years ago (Alpine Orogenesis).

Mica schist, amphibole schist, muscovite schist, phyllite, leucophyllite, quartz schist
(Obrennberg, Voroshid Mica Schist, Fiizesarok White Schist — 1Pz)

The largest part of the mass of the Sopron Mountains is made up of polymetamorphic mica schists. The protoliths of
these schists were sedimentary rocks that were affected by metamorphism during the Variscan orogeny, ca. 280-300 million
years ago (FULOP 1990, LELKESNE FELVARI 1998).

ORDOVICIAN-SILURIAN

Quartz phyllite, chlorite—-muscovite schist; gneiss (Balatonfékajar Quartz Phyllite — OS)

A greenschist facies rock body crops out on the area of Balatonf6. It comprises grey, greenish grey quartz phyllite, quartzite and
chlorite-muscovite schist, accompanied by carbonate-quartz phyllite, albite gneiss and graphitic schist. It is highly foliated.
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According to borehole data, its thickness reaches hundreds of metres. There is no information on its age, but on the basis of
lithostratigraphic estimates it can be assigned to the Ordovician—Silurian (FULOP 1990, LELKESNE FELVARI 1998, BupA1 et al. 1999).

ORDOVICIAN-DEVONIAN

Slate, metasiltstone, metasandstone (Lovas Slate — OD)

The largest part of the Early Palaeozoic succession of the Transdanubian Mountains is made up of an anchimetamorphic
rock series comprising grey, greenish grey slate, metasiltstone and metasandstone, as well as siliceous shale lenses (Lovas
Slate). In several horizons the intercalations of acidic (Alséors Metarhyolite*), basic (Litér Metabasalt*), and neutral
metavolcanic (Révfiilop Metaandesite*) bodies can be seen. In most cases the rock series is highly folded (sometimes,
overturned). The substratum is unknown. The overlying formation is Upper Permian sandstone; this has been deposited with
a significant hiatus and erosional unconformity. The maximal as-drilled-thickness of the formation exceeds 1000m. It
occurs on the surface in the Balaton Highland (Révfiilop, Als66rs) and in the northern part of the Velence Mountains (Patka,
Sztizvar, Nadap). According to the fossil records (acritarchs, graptolites, conodonts), its age is Ordovician—Devonian
(FuLop 1990, LELKESNE FELVARI 1998, BuDAl et al. 1999, GYALOG, HORVATH eds 2004).

SILURIAN-DEVONIAN

Microgabbro, metabasalt (Bencehegy Microgabbro — SD)

A dark greenish grey, basic, holocrystalline, ophitic-textured subvolcanic dyke is known to occur only in the eastern part
of the Velence Mountains. Its major mineral constituents are basic plagioclase, monoclinic pyroxene, green amphibole and
magnetite. It is deposited in the upper part of the Lovas Slate and can be assigned to the Silurian—Devonian (GYALOG,
HOoRVATH eds 2004).

DEVONIAN

Shallow-marine sandstone, metasiltstone, open-marine shale, siliceous shale, basic metavolcanics
(Csernelyvolgy, Ragyincsvolgy Sandstone, Tapolcsany, Strazsahegy Fm — 4D)

The lower section of the Early Palaeozoic succession of the Uppony Mountains is represented by fine-grained, foliated
metasandstone (Figure 3, 4Da). It is made up of quartz grains and cemented by silica (Rdgyincsvolgy Sandstone). It is
accompanied by shale intercalations. It passes upward into massive or thick-bedded, silica-cemented, hard sandstone
(greywacke); the latter contains shale, sandstone and phyllite clasts (Csernelyvolgy Sandstone). The thickness of the
sandstone succession ranges between 100 and 200m. Given that it does not contain any fossils, it can be assigned to the Upper
Ordovician solely on the basis of stratigraphic analogies (FULOP 1994, KovAcs 1998, PELIKAN et al. 2005). Above the
sandstone, deep marine turbidite follows, and this is composed of alternating dark grey shale and thinly-bedded siliceous
shale (radiolarite). Locally, the formation contains basic volcanic (metabasalt) intercalations (Tapolcsdny Fm, Figure 3,
4Db). It thickness can attain 400m. Due to the absence of horizon-marking fossils, it is assigned to the Silurian solely on the
basis of stratigraphic analogies. The upper section of the Early Palaeozoic succession is made up of metabasalt, light grey,
crinoidal limestone and metasomatic (ankeritic-sideritic) carbonate rocks (Strdzsahegy Fm, Figure 3, 4Dc); olistostrome
horizons can also be found in these rocks. According to conodonts, the age of the formation is Middle-Late Devonian (FULOP
1994, KovAcs 1998, PELIKAN et al. 2005).

Shallow-marine crystalline limestone (Polgardi, Uppony Limestone — 3D)

In the Balatonf6 region, shallow marine, platform, dominantly thick-bedded, cyclic, white, crystalline limestone crops
out (Polgdrdi Limestone). The known maximum thickness of the formation exceeds 300m (borehole Szabadbattydn Szb-5).
Its stratigraphic position is tectonic; the overlying formation is unknown and its assumed age is Middle Devonian, on the
basis of badly preserved Stromatoporoidea fossils (FULOP 1990, HORVATH et al. 2004).

Light grey, unbedded or thick-bedded, shallow marine (platform) crystalline limestone is known to occur in the north-
western part of the Uppony Mountains (Uppony Limestone, Figure 3). Its thickness is around 200m. In the absence of
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fossils, only stratigraphic analogies can help to determine the age of the formation, which is reckoned to be Middle—Upper
Devonian (FULOP 1994, KovAcs 1998, PELIKAN et al. 2005).

Marble, crystalline limestone, phyllite—-metasandstone (Biikhegy Marble,
Szendrdlad Limestone — 2D)

The most extensive formation of the Szendr§ Mountains comprises coarse-crystalline marble (bioherm facies) and the
basin facies of fine-crystalline limestone, and phyllite—metasandstone (Szendrdldd Limestone, Figure 3, 2Da). According to
conodonts, the age of the formation is Middle—Late Devonian. Its thickness is around 400m. The Szendr6lad Limestone is
overlain by bedded or massive, coarse-crystalline marble of carbonate platform facies (Biikhegy Marble, Figure 3, 2Db).
The age of the formation is Middle-Late Devonian. Its thickness is ca. 200m (FULOP 1994, KovAcs 1998).

Marine metatuffitic limestone (Abod Limestone — 1D)

Deposited onto the Devonian platform carbonate of the Uppony Mountains, greenish grey, thinly-bedded, pelagic basin
limestone can be found. It contains chloritized basic metatuffite (cippolino), as well as black shale and metabasalt
intercalations, and it has transverse foliation (Figure 3). Its thickness is around 200m. According to the rich condont fauna,
its age is Late Devonian (FULOP 1994, KovAcs 1998, PELIKAN et al. 2005).

CARBONIFEROUS

Shallow-marine marble, sericitic limestone (Rakaca Fm, Verebeshegy Limestone — 7C)

The Upper Devonian carbonate platform succession of the Szendré Mountains comprises white and bluish grey, banded,
bedded or massive coarse-crystalline marble (Rakacaszend Marble*) (FULOP 1994, KovAcs 1998) (Figure 3, 7Ca). Its
thickness is around 200m. The Lower—Middle Carboniferous marble (Rakaca Fm, Figure 3, 7Cb) has a similar facies. It
interfingers with dark grey, fine-crystalline, conodont-bearing basin limestone (Verebeshegy Limestone, Figure 3, 7Cc).

Weakly metamorphosed limestone, fine-grained sandy siltstone; shale (Zobohegyese, Lazbérc Fm — 6C)

The lowermost section of the Upper Carboniferous succession of the Biikk Mountains (in the north-east of Hungary) is
made up of alternating black, clayey and fine sandy siltstone, and bedded—thick bedded grey sandstone (Zobdhegyese Fm).
Into the latter 10—40m thick dark grey limestone bodies have been deposited. In certain horizons the sandstone is coarse-
grained and silicified. The formation occurs only in the north-western part of the Biikk. In the north, it is connected to the
Mailyinka Formation along a steep tectonic plane. It is overlain by the Szilvdsvarad Formation. Its thickness is estimated to
be 600m. In the absence of fossils, it can be assigned to the lowermost part of the Upper Carboniferous solely on the basis
of stratigraphic analogies (FULOP 1994, PELIKAN et al. 2005).

The Upper Carboniferous succession of the Uppony Mountains is made up of alternating dark grey, thin-
bedded—bedded, recrystallised, pelagic basin limestone and grey shale (Ldzbérc Fm, Figure 3). The thickness of the
formation ranges between 200 and 300m. According to its rich conodont fauna record, it can be assigned to the lowermost
Upper Carboniferous (FULOP 1994, KovAcs 1998, PELIKAN et al. 2005).

Weakly metamorphosed monzogranite, monzonite (Moragy Granite — 5C)

The Méragy Block (Geresd Hills) belongs to the East Mecsek mountain area. Its main mass is made up of monzogranite,
accompanied by monzonite inclusions and leucocratic dyke rocks (Figure 6). The magmatic body, that locally shows signs of
foliation, was affected by metamorphic effects of varying intensity. A smaller outcrop of the formation is known in the western part
of the Mecsek, at Nyugotszenterzsébet. According to recent studies, the K-Ar radiometric age (~310-320 Ma) marks the time of
the metamorphic event; magma injection occurred ca. 340-350 million years ago (FULOP 1990, BALLA, GYALOG eds 2009).

Deep-marine sandstone, siltstone, clay, phyllite (Szilvasvarad Fm, Szendrd Phyllite — 4C)

The Variscan flysch, which outcropsin the area of the Szendr6 Mountains, is made up of dark grey, black phyllite. In the
latter there are also graded sandstone, metasandstone, limestone olistostrome and allodapic limestone horizons (Szendrd
Phyllite). The material of the olistostromes has its main derivation from the Verebeshegy Limestone and the Rakaca Marble.
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According to the conodont fauna record, the formation can be assigned to the Upper Carboniferous (lower section). The
thickness varies between 500 and 600m (FOLOP 1994, KovAcs 1998, PELIKAN et al. 2005).

A dark grey, black turbiditic rock series made up of cyclic sandstone, siltstone and clay crops out in the area of the
anticline in the north-western part of the Biikk. It also contains small-grained polymict conglomerate and pebbly sandstone
intercalations (Szilvdsvdrad Fm, Figure 4). As a result of anchizone metamorphism it has a foliated structure. Its thickness
can exceed 1000m. It is overlain by the Mélyinka Formation. According to stratigraphic analogies it can be assigned to the
lower section of the Upper Carboniferous (FULOP 1994, PELIKAN et al. 2005).

Shallow-marine sandstone, siltstone, claystone (Malyinka Fm — 3C)

A Variscan molasse outcrops in the north-western part of the Biikk and in the Uppony Mountains (Figure 4). It is made
up of a shallow marine clastic series, comprising alternating dark grey sandstone, siltstone and clay beds In this succession
there are also conglomerate lenses and limestone bodies; the latter are represented by a diverse shallow marine fossil
assemblage (algae, corals, crinoids and large foraminifera). The succession is foliated as a result of anchizone
metamorphism. Its maximal thickness is 400m. It is assigned to the middle section of the Upper Carboniferous (FULOP 1994,
KovAcs 1998, PELIKAN et al. 2005).

Biotitic orthoclase granite; microgranite, granite porphyry, aplite (Velence Granite — 2C)

In the Transdanubian Mountains, the granite crops out in the area of the Velence mountain range (Figure 2). The calc-
alkalic granite was consolidated at a hypabyssal depth. It contains pegmatite bodies, as well as microgranite and granite
porphyry dykes. Its thickness is unknown; it is an intrusion in the Early Palaeozoic schist mantle. The radiometric age of the
intrusion ranges between 260 and 320 Ma (according to recent measurements); the process of intrusion was also taking
place in the Early Permian (274-282 Ma) (GYALOG, HORVATH eds 2004).

Fluvial conglomerate, sandstone, siltstone, claystone (Fiile Conglomerate — 1C)

The Variscan molasse facies of the Transdanubian Mountains is represented by a cyclic rock series in the Balatonfd region.
This region consists of alternating grey conglomerate, sandstone and siltstone beds The bulk of the material of the grains is
quartzite and quartzphyllite, as well as (rarely) metasandstone, metasiltstone, sericite schist and metarhyolite. Grey, dark grey,
well-bedded clay and siltstone form thin intercalations in the formation. These intercalations have high organic carbon content and
often contain carbonized plant fragments (Calamites) and coal bands. The stratigraphic position of the formation is unknown;
according to the plant fragments and sporomorphs, its age is Late Carboniferous (FULOP 1990, MAJOROS 1998, BupAl et al. 1999).

PERMIAN

Fluvial conglomerate, sandstone, siltstone, clay (Korpad Sandstone, Kasé6 Fm — 8P)

In the west of the Mecsek Mountains the superficial occurrence of the Lower Permian fluvial clastic succession
(molasse) is restricted to a smaller area. The succession is made up of fining-upward cycles of red conglomerate, sandstone
and siltstone (Korpdd Sandstone, Figure 6). The formation has been exposed by several boreholes in the area of the Villany
Mountains and from an area between the Mecsek and the Villany Mountains. Its thickness is 100—700m. Its Early Permian
age is justified by palynomorphs (FULOP 1994, BARABAS, BARABASNE STUHL 1998).

In the vicinity of Felséregmec, in the northern part of the Tokaj Mountains, fluvial, greenish grey, grey and red
sandstone, foliated siltstone, and small-pebbled conglomerates (Kdsé Fm) occur; these are accompanied by rhyolite and
rhyolitic tuff (7P-Gyiiriifii Rhyolite) intercalations (FULOP 1994, JAMBOR 1998).

Rhyolite, rhyolitic pyroclastic rock, tuffite (Gyiiriifii Rhyolite — 7P)

In the western foreland of the Mecsek, the Lower Permian rhyolite crops out over a small area. The rock is made up of
brown, reddish brown, greyish lilac and green extrusive and subvolcanic lava rocks, accompanied locally by tuff and
agglomerate intercalations (Figure 6). The formation frequently contains xenoliths of basement origin (metamorphite,
Carboniferous and Permian sandstone). According to borehole data, from between the Mecsek and the Villiny Mountains,
the maximal known thickness of the formation is 830m. Its age is justified by radiometric data (FULOP 1994, BARABAS,
BARABASNE STUHL 1998).
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Fluvial sandstone, conglomerate, siltstone (Cserdi Fm — 6P)

The Middle Permian succession of the western foreland of the Mecsek is represented by cyclically alternating fluvial
and fanglomerate-type conglomerate, and coarse-grained reddish brown sandstone (Figure 6). The material of the pebbles
is mostly rhyolite and, albeit less frequently, granite or metamorphic rock. The maximum hickness of the drillings is around
1000m (FULOP 1994, BARABAS, BARABASNE STUHL 1998). The formation is denuded west of the Mecsek and it is known to
occur at the southern boundary, in the Mariakéménd-Bar ridge.

Lacustrine claystone, siltstone (Boda Claystone — 5P)

The Middle Permian succession of the West Mecsek comprises playa lacustrine reddish brown siltstone, argillite and
dolomite marl (Figure 6). There are also sandstone beds in the lower section of the formation. Its maximal thickness is
around 1000m. Its extent is unknown; in the east it interfingers with the Cserdi Formation, as shown by the ore
exploratory drillings near the city of Pécs. Its accepted age is justified by palynomorphs (FULOP 1994, BARABAS,
BARABASNE STUHL 1998).

Shallow-marine limestone; sandstone, siltstone, evaporite (Nagyvisny6 Limestone,
Szentlélek Fm — 4P)

The lower, ca. 100—300 m-thick section of the Upper Permian succession of the Biikk is made up of green, red, lilac-
patched sandstone and siltstone. This succession is overlain by a 120—150 m-thick sabkha succession of alternating
claystone, dolomite and gypsum—anhydrite (Szentlélek Fm, Figure 4, 4Pa). The uppermost part of the Upper Permian
succession of the Biikk comprises thinly-bedded, black limestone, which also contains marl and calcareous marl
intercalations. Frequently, in the lower section of the formation, dolomitized bodies occur (Nagyvisnyé Limestone,
Figure 4, 4Pb). The formation was formed in an isolated lagoon. It occurs in the area of the North Biikk Anticline. It is
highly pressed and is intersected with a dense calcite vein network. It has rich micro- and macrofauna, as well as
microflora assemblages; according to the presence of this evidence its age is Late Permian. Its thickness is 300m (FULOP
1994, PELIKAN et al. 2005).

Fluvial sandstone, siltstone, conglomerate (Balatonfelvidék Sandstone — 3P)

The overwhelming part of the Upper Permian succession of the Transdanubian Mountains is a red, terrestrial, alluvial
siliciclastic succession (Figure 2). The lower section of the rock series lies unconformably on the denuded surface of the Early
Palaeozoic basement and is represented by coarse-grained formations (fanglomerate, conglomerate); however, the bulk of the
succession is made up of cyclically alternating red sandstone and siltstone. It occurs on the surface in the south-western
(Badacsonyors and Zanka) part and in the north-eastern (between Asz6f6 and Balatonalmadi) part of the Balaton Highland. In
can be followed on the Veszprém Plateau in the sliver north of the Litér Line, from Fels66rs up to Sély. Its thickness ranges
between 200 and 800m in the Balaton Highland; the thickness decreases to 50—150m towards the north-east. On the basis of
the presence of sporomorphs, the age of the formation is Late Permian (FULOP 1990, MAJOROS 1998, BuDAl et al. 1999).

Shallow-marine anhydrite, dolomite, marl; sandstone, siltstone, claystone (Perkupa Anhydrite,
Hidvégard6 Complex — 2P)

This slightly metamorphised complex (Hidvégardo Complex) occurs in the north-eastern part of the Rudabdnya
Mountains and is made up of shale, evaporite, and limestone and marl. Its thickness is 400-500m. The base of the Szilice
succession of the Aggtelek—Rudabanya Mountains comprises a hypersalin lagoonal rock series of alternating anhydrite and
marl, accompanied by variegated sandstone and siltstone beds (Perkupa Anhydrite, Figure 5, 2Pa). Into the upper section of
the succession Triassic Bodvavolgy Ophiolite (Figure 5, 2Pb) blocks are tectonically kneaded. The thickness of the complex
is 300m (SZENTPETERY, LESS eds 2006).

Fluvial sandstone, conglomerate, siltstone, claystone (K6vagészolos Sandstone — 1P)

The Upper Permian fluvial succession of the West Mecsek comprises upwardly-fining cycles of variegated
conglomerate, pebbly sandstone, and siltstone and claystone beds In the upper part of the formation a uranium ore-bearing
“green sandstone” facies appears (Figure 6). The uppermost member of the formation is known as the Tétvar Sandstone and
extends over to the Lower Triassic. The total thickness of the formation is 150-1400m (FULOP 1994, BARABAS, BARABASNE
STUHL 1998).
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TRIASSIC
LOWER TRIASSIC

Shallow-marine marl, limestone, sandstone, dolomite (Lower Triassic sediments in the Biikk,
Aggtelek and Bakony Mts. — 20T)

The Lower Triassic succession (Figure 2) of the Transdanubian Mountains crops out on the Balaton Highland, on the
Veszprém Plateau and on the Iszka Hill (KOLOSZAR et al. in HAAS ed. 1993, Bubal et al. 1999, Haas, Bupal 2004). Its lower
section is made up of grey, cavernous—cellular sandy dolomite, sandstone and dolomarl (Koveskdl Dolomite*); furthermore, as
apartly heteropic facies of this succession, there is also a shallow marine marl series with thin limestone, dolomite and siltstone
intercalations (Ardcs Marl*). The thickness of the Induan succession ranges between 80 and 120m. It is overlain by the lower
section of the Olenekian, represented first by red, thinly bedded—lamellar, fine sandy siltstone, and later, by thin—bedded,
porous dolomite. The thickness of the formation is 80—-100m (Hidegkiit Fm*). The bulk of the Olenekian Stage is represented
by the Csopak Formation; the lower part of the latter comprises grey marl and Tirolite-bearing clayey limestone, the middle part
red siltstone, while the upper part consists of greenish grey marl, sandy marl, calcareous marl and limestone (Csopak Fm*).

The Lower Triassic succession of the Biikk Mountains (Figure 4) is known to crop out in the area of the northern
anticline. Its lower section is made up of ooidic, laminated limestone (Gerennavdr Limestone*). Its thickness is 140m. It is
overlain by the Olenekian succession, represented by variegated sandstone, laminated limestone, clay marl and calcareous
marl (Ablakoskévolgy Fm*). The thickness of the formation is around 300m (PELIKAN in HAAS ed. 1993, VELLEDITS et al.
2004, PELIKAN et al. 2005).

The lower part of the Lower Triassic succession of the Aggtelek—Rudabanya Mountains is made up of alternating
shallow marine sandstone, siltstone and shale (Bddvaszilas Sandstone*, Figure 5). The thickness of the formation varies
between 200 and 300m. Its age is Induan — Early Olenekian. The formation is overlain by a lagoonal succession of
alternating grey, thinly-bedded marl, foliated clay marl and calcareous marl (Szin Marl*). Its thickness is 300-350m. The
uppermost section of the Lower Triassic is represented by grey, laminated, as well as thick-bedded, vermicular, subtidal
lagoonal limestone (Szinpetri Limestone*), the thickness of which is 150-300m. It is assigned to the Late Olenekian
(KovAcs et al. 1988, 2004; SZENTPETERY, LESS eds 2006).

Fluvial red sandstone, conglomerate, siltstone (Jakabhegy Sandstone — 19T)

The Lower Triassic succession of the Mecsek and the Villiny Mountains is represented by alluvial, delta and coastal-
tidal flat red sandstone and conglomerate (Figure 6). At the base of the formation red, greyish red, compacted conglomerate
and pebbly sandstone are deposited (“main conglomerate”); these are overlain by faded red, faded lilac, diagonally-bedded
sandstone (”’pebbly sandstone”), followed by a cyclic succession of “faded sandstone” and “reddish brown siltstone and
sandstone”. The characteristic cementing material is silica. The formation crops out only in the West Mecsek. In boreholes,
however, it is known to occur not only in the Mecsek, but also in the area of the Mez6f61d (in the northern foreland of the
Villany Mountains), as well as in the basement of the Great Plain. Its thickness is 250m. The presence of sporomorphs
indicates that its age is Early Triassic (BARABASNE in HAAS ed. 1993, TOROK 1998, BERCZINE MAKK et al. 2004).

MIDDLE TRIASSIC

Shallow-marine siltstone, sandstone, claystone (Patacs Silstone — 18T)

The lowermost Anisian succession of the Mecsek and the Villiny Mountains is dominantly made up of alternating red
siltstone, red and green sandstone and green claystone. In the uppermost part of the succession the carbonate content
increases (Figure 6). The formation gradually develops from the Jakabhegy Sandstone. The facies is shallow marine, flat
coast. It crops out in the Mecsek and it is also known from boreholes in the Villdny Mountains and between the two mountain
ranges. The thickness of the formation ranges between 10 and 150m. According to palynology, it can be assigned to the
Early Anisian (RALISCHNE FELGENHAUER, TOROK in HAAS ed. 1993, BERCZINE MAKK et al. 2004).

Shallow-marine limestone, dolomite (Iszkahegy, Lapis Limestone, Asz6f6 Dolomite, Hetvehely, Gutenstein Fm,
Rudabanya iron ore-bearing beds — 17T)

The Lower Anisian section of the Middle Triassic succession of the Transdanubian Mountains crops out from the
Balaton Highland, and can be seen on the Veszprém Plateau and the Iszka Hill (Figure 2). The lower part of the succession
is represented by light grey, micro-crystalline, laminated thinly-bedded, cellular dolomite (Aszdfé Dolomite). Its facies is
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hypersalin lagoonal and tidal flat sabkha. Its thickness varies between 200 and 250m. It gradually passes upwards into the
dark grey, laminated, clayey, bituminous limestone; in its upper section the latter is thick-bedded (Iszkahegy Limestone). Its
facies is lagoonal. Its thickness is around 250-300m but in the East Bakony and on the Iszka Hill the thickness is only
35-50m (Bubal et al. 1999, HAAs, Bupa1 2004).

The Lower Anisian succession of the Mecsek and the Villdny Mountains (Figure 6) is represented by cyclically
alternating gypsum, anhydrite, dolomite and claystone. These rocks pass upward into dolomite and dolomite marl
(Hetvehely Fm). The facies is coastal littoral and supra-littoral, sabkha, and also lagoonal. The thickness of the formation
ranges between 80 and 200m. It is overlain by dark grey, thinly-bedded limestone, marl and foliated—lamellar claystone. In
certain horizons lumachelle intercalations occur as well (Viganvdr Limestone*). The thickness of the limestone succession
is 100m. It is overlain by a rock series comprising light red, thick-bedded dolomite and thinly-bedded, yellowish brown
clayey dolomite beds (Rokahegy Dolomite*). Its thickness in the Mecsek varies between 20 and 30m, but in the Villany
Mountains it can attain as much as 100m. It is overlain by dark grey, small nodular, vermicular limestone, the lower section
of which is thinly-bedded and dolomitic; the upper section is thick-bedded, bedded, and nodular (Lapis Limestone). The
facies is a shallow marine carbonatic ramp. It appears on the surface in the West Mecsek, in the area of the Northern Sliver,
as well as in the Villdny Mountains. Its thickness is 80-300m (RALISCHNE FELGENHAUER, TOROK in HAAS ed. 1993,
BERCZINE MAKK et al. 2004).

The Lower Anisian succession of the Aggtelek—Rudabdnya Mountains is represented by alternating dark grey or black,
thinly-bedded/bedded bituminous limestone and dark grey, bedded bituminous dolomite, with thin (1-2cm) grey marl
intercalations (Gutenstein Fm, Figure 5). The depositional environment was an oxygen-deficient lagoon and intertidal zone.
The thickness of the succession is 250m (KOvVACS et al. 1988, 2004; PIrROS in HAAS ed. 1993; SZENTPETERY, LESS eds 2006).

The Lower Triassic sandstone (Bodvaszilas Sandstone — 20T) continuously passes upwards into marl and limestone
(Szin Marl — 20T). In the Szin Marl, as well as in the Lower Anisian Gutenstein Fm (the deposition of which is also
continuous), carbonatic siderite (with an average iron content of 20%)can be found; the latter formed as a result of sideritic
metasomatism, related to acidic magmatism (Rudabdnya iron ore-bearing beds) (SZENTPETERY, LESs eds 2006). The
thickness of the formation can attain several hundreds of metres.

Platform limestone, dolomite (Tagyon, Steinalm Limestone, Megyehegy, Hamor Dolomite,
Csukma Fm — 16T)

The lower section of the Middle Anisian, shallow marine carbonate complex of the Transdanubian Mountains (Figure
2) is represented by light grey, thick-bedded dolomite; thiswas deposited on a carbonate ramp (Megyehegy Dolomite). On
one part of the area of the Anisian basin its thickness is only around 10 m; the maximal thickness varies between 250 and
300m. Middle Anisian platform carbonates occur in the middle part of the Balaton Highland, on the Veszprém Plateau and
in the East Bakony (Tagyon Fm). The succession is made up of alternating light grey, bedded, biogene (Dasycladacean)
subtidal lagoonal limestone (as well as dolomite) and laminated stromatolite. The thickness of the formation is 50-100m
(Bupalin HaAs ed. 1993; Bubal et al. 1999; HaAs, Bupa1 2004).

The Lower-Middle Anisian shallow marine carbonate complex in the Biikk Mountains consists of grey, dark grey dolomite,
unbedded or thick-bedded dolomite, laminated stromatolite beds and dasycladalean-, foraminifera- and gastropod-bearing
layers (Hdmor Dolomite, Figure 4). In the upper part of the formation, locally, coral limestone breccia of patch reef origin occurs.
The thickness of the formation is around 400m (PELIKAN in HAAS ed. 1993, VELLEDITS et al. 2004, PELIKAN et al. 2005).

The Middle-Late Anisian shallow marine platform carbonate in the Aggtelek—Rudabanya Mountains (Figure 5) is
represented by white or light grey, bedded—laminated, cyclic lagoonal limestone and unbedded reef limestone (Steinalm
Limestone). The lagoonal limestone is characterised by a large number of dasycladaceans, while the reef limestone is
distinguished by a significant amount of crinoids, brachiopods and calcareous sponges. The average thickness is 200—400m
(KovAcs et al. 1988, 2004; Piros, KovAcs in HAAS ed. 1993; SZENTPETERY, LESS ed. 2006).

The Middle Triassic platform carbonate in the Mecsek and in the Villiny Mountains (Figure 6) is represented by thick-
bedded limestone and dolomite, thinly-bedded clayey dolomite, and ooidic, crinoidal limestone (Csukma Fm). There are
superficial occurrences of these rocks in the West Mecsek, in the Northern Sliver and in the Villiny Mountains. Their
respective thicknesses range between 100 and 370m; the age is Ladinian (RALISCHNE FELGENHAUER, TOROK in HAAS ed.
1993, BERCZINE MAKK et al. 2004).

Metaandesite, -rhyiolite, and its pyroclastics (Szentistvanhegy Metaandesite,
Bagolyhegy Metarhyolite — 15T)

The Middle Triassic volcanic rocks in the Biikkk Mountains are represented mostly by slightly metamorphic complexes
comprising stratovolcanic neutral, andesite and volcanoclastic rocks (agglomerate, tuff, ignimbrite) (Szentistvdnhegy
Metaandesite, Figure 4, 15Ta). Subordinately, in the area of the North Biikk Anticline, rhyolite occurs as well (Bagolyhegy
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Metarhyolite). The thickness is 350m and the age is Ladinian. On the area of the South Biikk the rhyolitic—dacitic lava and
pyroclastic rock alternates with light grey limestone, on which alternating black marl and dark grey laminas are deposited;
the latter are followed by claystone and sandstone with thin radiolarite intercalations (Vdrhegy Fm*, Figure 4, 15Tb). The
facies of the succession is lacustrine at the bottom while, in the upper section, it is isolated lagoonal and, finally, of a marine
nature. The thickness is 60m. According to radiolarians, the age of the formation is Late Ladinian (SZOLDAN in HAAS ed.
1993, VELLEDITS et al. 2004, PELIKAN et al. 2005).

MIDDLE-UPPER TRIASSIC

Slightly metamorphosed marine limestone (Szentjanoshegy Limestone — 14T)

On the surface, the grey—light brown, banded, bedded small-crystalline, pelagic basin limestone occurs in the Torna Unit; this
limestone has its deepest position among the units of the Rudabanya Mountains. Upsection, lilac red chert lenses are
characteristic (Figure 5). The gradation of alteration is epimetamorphic. The thickness of the formation varies between 20 and
140m. Its age is Late Anisian— Early Carnian (KOvAcs in HAas ed. 1993; KovAcs et al. 1988,2004; SZENTPETERY, LESS ed. 2006).

Sediments of restricted lagoon (marl, calcareous marl — Kantavar Fm — 13T)

The dark grey marl, calcareous marl succession crops out in the central part of the Mecsek and is characterised by its high
content of organic matter (Figure 6). At the base there are bivalve lumachelles and large oncoids (Kisrét Limestone*) . The
depositional environment of the formation was at first a separating lagoon and later, a lake. Its thickness is 50-100m. The
age is Late Ladinian — Early Carnian (RALISCHNE FELGENHAUER, TOROK in HAAS ed. 1993; BERCZINE MAKK et al. 2004).

Open-marine limestone, cherty limestone; shale, tuff (Felsors, Dunnatetd, Zuhanya, Fiired Limestone,
Buchenstein, Bédvaraké Fm — 12T)

The Anisian — Lower Carnian pelagic basinal succession of the Transdanubian Mountains crops out on the Balaton
Highland, on the Veszprém Plateau and on the Iszka Hill (Figure 2). Its lower section is made up of bedded, cherty limestone,
brachiopod- and crinoid-bearing limestone, and bituminous laminated limestone (Felséors Limestone). The maximum
thickness of the formation is 150m. On the Veszprém Plateau it is substituted by heteropic platform carbonates. The age of the
formation is Middle—Late Anisian. It is overlain by tuff and calcareous or siliceous tuffite, accompanied by thinly-bedded
limestone and dolomite intercalations (Vdszoly Fm*). Above it, bedded, nodular, greyish drab or faded red cherty limestone
follows (Buchenstein Fm). Its thickness is 80m on the Balaton Highland and its age is Late Anisian — Ladinian. The pelagic
basinal carbonate succession is topped by bedded, light grey, nodular limestone; in certain beds of this limestone there are dark
grey chert lenses, and in its upper section there are marl intercalations (Fiired Limestone). Its thickness is 20-30m. Its age is
Late Ladinian — Early Carnian (BuDAl in HAAS ed. 1993, Bubpal et al. 1999, HaAs, BuDA1 2004).

The lower section of the Middle Triassic basinal succession of the Rudabanya Mountains (Figure 5) is made up of faded
reddish grey, bedded—thick bedded limestone (Dunnatetd Limestone). Its thickness ranges from 1-2m to nearly 100m. Its age is
Late Anisian. Another facies is represented by alternating dark grey, well-bedded limestone and black chert beds. The succession
also contains cherty dolomarl, siltstone, claystone and marl intercalations (Bddvardkoé Fm). Its thickness varies but its maximum
thickness is 40m. The age is Middle Anisian — Late Ladinian. The overlying pelagic basinal complex is represented by an
alternation of thinly-bedded, red, lilac red, fine-crystalline—aphanic limestone, and light grey, white, coarse-crystalline
“filamentous” limestone (bioclastite); this is accompanied by lilac red shale intercalations and red chert lenses (Bddvalenke
Limestone*). The thickness of the formation is several tens of metres. It is assigned to the Late Anisian — Late Carnian. The
greenish yellow or dark grey—lilac red, thinly-bedded radiolarite is partially a heteropic facies of the above-mentioned formation.
It contains dark grey shale laminas (Szdrhegy Radiolarite™). Its thickness is around 30m and its age is Ladinian—Carnian.

In the Aggtelek Mountains the Anisian platform is overlain by basinal grey, fine-crystalline limestone, in certain beds of
which there are chert nodules (Reifling Limestone*, Figure 5). The formation is assigned to the Late Anisian — Ladinian and
its thickness is around 50m. A partially heteropic facies of the formation is the lilac grey, fine-crystalline, bedded—thick
bedded or unbedded, brecciated limestone of slope or pelagic basin facies (Derenk Limestone*, Nddaska Limestone™). Its
thickness is 50—100m and its age is Middle Anisian — Carnian (KOVACS et al. 1988, 2004; SZENTPETERY, LESS ed. 2006).

The pelagic outer shelf facies of the Middle Triassic marine succession of the Mecsek and the Villany Mountains is
made up of grey, nodular limestone, calcareous marl with limestone nodules, brachipod- and bivalve-bearing limestone, and
calcareous marl (Zuhdnya Limestone, Figure 6). The thickness of the formation is 50-100m in the Mecsek and 100—150m
in the Villany Mountains. It is assigned to the Middle—Late Anisian (RALISCHNE FELGENHAUER, TOROK in HAAS ed. 1993,
TOROK 1998, BERCZINE MAKK et al. 2004).

19



Shallow-marine platform limestone, dolomite (Wetterstein, Fehérkd, Berva, Biikkfennsik,
Kisfennsik Limestone, Budaors Dolomite — 11T)

The shallow marine platform carbonate facies of the upper section of the Middle Triassic succession of the
Transdanubian Mountains (Figure 2) is represented by light grey, bedded, subtidal, dasycladalean-bearing dolomite; the
latter is made up of cyclically-alternating, laminated, intertidal stromatolite beds (Budaors Dolomite). It gradually thickens
from the southern margin of the Veszprém Plateau north-eastward; in the Vértes Mountains and the Buda Hills it attains a
thickness of up to1000m. Its age is Late Anisian — Ladinian (HaAs 1993; BupAl et al. 1999; HAAs , BuDA1 2004).

The Middle—Upper Triassic, shallow marine platform carbonate facies of the Biikk (Figure 4) is represented by white or
grey, cyclic, lagoonal and biogenic reef limestone in the southern part of the mountains (Berva Limestone). Its maximal
thickness is 350m; its age is Ladinian — Early Carnian. In the area of the northern anticline the light grey, massive—bedded
limestone is anchimetamorphic; in certain sections it shows Lofer cycle characteristics. Its thickness is around 400m
(Fehérkd Limestone). The central part of the Biikk is made up of light grey, anchimetamorphic platform carbonate
(Biikkfensik, Kisfennsik Limestone), the thickness of which attains 1000m; its age ranges from the Ladinian to the Rhaetian
(VELLEDITS in HAAS ed. 1993; VELLEDITS et al. 2004; PELIKAN et al. 2005).

The Middle—Upper Triassic, shallow marine platform carbonate facies of the Aggtelek Mountains is represented by light
grey, massive, reef limestone (with calcareous sponges, corals and hydrozoans), and thick—bedded, Lofer cyclic, lagoonal
(locally dolomitized) limestone (Wetterstein Limestone, Figure 5). Its thickness is more than 1000m and itsage is Early
Ladinian—Late Carnian ( KovAcs et al. 1988, 2004; SZENTPETERY, LESS eds 2006).

Open-marine limestone, shallow-marine dolomite, marl, siltstone, sandstone
(Triassic formations of the Villany Mountains together — 10T)

The Anisian section of the Middle—Upper Triassic succession of the Villiny Mountains comprises shallow marine
dolomite (Rokahegy Fm — 17T) and limestone (Lapis Limestone — 17T), and also basinal limestone (Zuhdnya Limestone
— I2T). The Ladinian stage is represented by shallow marine dolomite (Csukma Fm — 16T), onto which terrestrial clastic
Carnian succession is deposited; the latter is made up of alternating sand, siltstone and clay (Mészhegy Fm™)

UPPER TRIASSIC

Open-marine clay shale, siltstone (Tornaszentandras Shale — 9T)

In the Upper Triassic succession of the Torna Unit (the lowest-positioned unit of the Rudabanya Mountains) black,
lamellar, pelagic shale and metasiltstone are deposited (Figure 5). The formation is cross-foliated and the gradation of its
alteration is epimatemorphic. The maximal thickness is around 100m. According to conodonts, the age of the formation is
Middle Carnian ( KovAcs et al. 1988, 2004; SZENTPETERY, LESS eds 2006).

Extrusive and subvolcanic metabasalt (Létras and Szinva Metabasalt — 8T)

In the eastern part of the Biikk Mountains highly deformed rock bodies made up of green, dark green metabasalt crop
out, with siltstone, crinoidal limestone or cherty limestone intercalations. The volcanic sequence is deposited in a
Middle—Upper Triassic basin limestone succession (Figure 4). Evidence of a thermal effect can be recognised at the contact
zone on the top of the underlying limestone; the upper part of the volcanic formation is usually amygdaloidal. Limestone
inclusions which have been affected by the thermal effect are frequently present. The rock has also been affected by the
influence of epimetamorphism. Its maximum thickness is 50m and its age is Late Ladinian—Carnian (SZOLDAN in HAAS ed.
1993, VELLEDITS et al. 2004, PELIKAN et al. 2005).

Open-marine limestone, cherty limestone, marl (Fels6tarkany, Répashuta, Potschen, Hallstatt,
Nagykdé Limestone, Hegyesteté Fm — 7T)

One type of the Middle—Upper Triassic pelagic limestone succession of the Aggtelek—Rudabanya Mountains is represented
by faded red, well-bedded, bedded, fine-crystalline limestone; this is accompanied by red chert nodules in the lower section
(Hallstatt Limestone, Figure 5, 7Ta). The thickness of the formation in the Aggtelek Mountains can attain 150m, whereas in the
Rudabdnya Mountains it does not exceed 50m. According to the conodonts which are present, its age is Late Carnian — Norian.
Another facies is represented by grey, thin-bedded, thin-layered cherty limestone. This limestone is characterised by undulating
planes and marl intercalations and, in several horizons, with Halobia lumachelles (Pdtschen Limestone). According to the
conodonts of the formation, its age is Late Carnian — Middle Norian and its thickness varies between 50m and 100m. In the
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Torna Unit the Pétschen Limestone is overlain by 20—30 m-thick, yellowish white or lilac red limestone. The limestone contains
chert nodules (Nagykd Limestone). The age of the formation is Late Norian (KOVAcs et al. 1988, 2004; SZENTPETERY, LESS eds
2006). The Late Norian—Rhaetian succession build up pelagic marl (Zlambach Marl*, Figure 5, 7Ta).

The Middle—Upper Triassic pelagic succession of the Biikkk Mountains (Figure 3 7T) in the northern anticline comprises
dark grey metamarl, metasiltstone and bituminous limestone with silica nodules (Hegyesteté Fm). The succession has
undergone anchizone metamorphism. Its maximum thickness is 300m and its age is Ladinian—Carnian. The pelagic basin
succession of the southern and eastern part of the mountains consists of grey, bedded cherty limestone, along with marl
intercalations (Felsdtdrkdny Limestone). It is characterised by a folded structure; in several zones it is foliated and shows
signs of anchizonal metamorphism. The thickness of the formation varies between 300 and 500m; its age is
Carnian—Rhaetian (VELLEDITS et al. 2004, PELIKAN et al. 2005).

Fluvial-lacustrine sandstone with pebbles, siltstone, claystone
(Karolinavolgy Sandstone — 6T)

The Upper Triassic succession of the Mecsek is made up of a terrestrial clastic rock series (Figure 6). The fluvial, delta
and lacustrine succession is made up of alternating grey, small-pebbled sandstone, with siltstone and claystone beds
cropping out in the central part of the Mecsek. The thickness of the formation is 400—-600m and its age is Late Triassic
(RALISCHNE FELGENHAUER, TOROK in HAAS ed. 1993; BERCZINE et al. 2004).

Open marine marl; limestone; slate, metasiltstone, sandstone shale (Sindorhegy Fm, Veszprém,
Sz6losardo Marl, Vesszos Fm — 5T)

The Carnian fine-grained, clastic, basinal succession of the Transdanubian Mountains (Figure 2) is made up of grey clay
marl and marl; clayey limestone and limestone intercalations occur as well (Veszprém Marl). The transition towards the
heteropic platform carbonates is represented by brecciated bioclastic limestone and marl. Significant superficial
occurrences are known on the Balaton Highland area: namely, in the South Bakony and also in the North Bakony. On the
south-eastern margin of the Vértes the formation is substituted by calcareous marl, limestone, cherty—bituminous
limestone, dolomarl and laminated dolomite (Csdkberény Fm*). The thickness of formation ranges between 30 and 800m.
The lower section of the overlying shallow marine succession is made up of 35-70 m-thick, thick-bedded limestone and
bituminous laminated limestone; the upper part is represented by cherty, oncoidic limestone, as well as calcareous marl and
marl (Sdndorhegy Fm). Large superficial occurrences are known on the Balaton Highland; subordinately, the formation
also occurs in the Keszthely Mountains and in the North Bakony. Itsthickness varies between 100 and 120m and its age is
Late Carnian (BuDAI et al. 1999, 2008; HAAs, BuDA1 2004).

The Carnian fine-grained, clastic basinal succession of the Biikk Mountains is made up of black slate and
metasiltstone and, locally, brownish metasandstone (Vesszds Fm, Figure 4). Intercalating greenish, tuffaceous schist
horizons are known at many places. At some stage the formation underwent high-temperature anchizonal
metamorphism. It occurs on the surface on the southern side of the North Biikk Anticline and its thickness varies between
150 and 200m (VELLEDITS et al. 2004, PELIKAN et al. 2005).

The Carnian fine-grained, clastic, basinal succession outcropping on the western side of the Rudabdnya Mountains is
represented by dark grey, pyritic clay marl and mottled marl, with grey—dark grey, fine-crystalline cherty limestone and
calcareous marl intercalations (Széldsardo Marl, Figure 5). The thickness of the formation is 80m; according to conodonts
present in the succession, its age is Middle Carnian ( KOvAcs et al. 1988, 2004; SZENTPETERY, LESS eds 2006).

Shallow-marine platform dolomite, reef-limestone (Main Dolomite, Sédvolgy [Gémhegy]
Dolomite, Ederics Limestone — 4T)

On the overwhelming part of the Transdanubian Mountains (Figure 2) the Carnian shallow marine platform carbonates
are represented by alternating bedded, thick-bedded and laminated dolomites (Sédvolgy Dolomite). Larger superficial
occurrences are known in the Vértes and in the East Bakony. The lower and middle section is heteropic with the Veszprém
Marl; the upper section interfingers with the Sdndorhegy Limestone. The thickness of the formation is 400-500m. In the
Keszthely Mountains light grey, unbedded or bedded biogene reef, as well as the ooidic—oncoidic limestone of a back reef
facies are present (Ederics Limestone). The thickness of this section ranges between 100 and 250m.

Light grey platform dolomite has been deposited in the Carnian basin and on the platform formations in the
Transdanubian Mountains. The rock is made up of cyclically alternating, thick-bedded lagoonal and lamellar tidal
stromatolite bed groups (Main Dolomite). The Main Dolomite is the thickest and most extensive formation in the Keszthely
Mountains, in the Bakony and in the Vértes. Its thickness is 1500m and itsage is Late Carnian — Norian (Bupal et al. 1999,
2008; Haas, Bupa1 2004).
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Open-marine bituminous dolomite, limestone, marl (Késsen Fm, Rezi Dolomite,
Feketehegy Fm — 3T)

The Norian—Rhaetian intraplatform basinal formations of the Transdanubian Mountains (Figure 2) are present in the
Pilis, as well as in the South Bakony and in the Keszthely Mountains.

In the Pilis, the succession is made up of grey, brownish grey, thin-bedded or lamellar bituminous dolomite and
limestone, with intercalating bivalve lumachelles (Feketehegy Fm). The formation is underlain by the Main Dolomite
and overlain by Dachstein Limestone. Its thickness is 300m and its age is Middle — Late Norian (HAAS, BUDA1 2004).

The lower section of the Keszthely Mountains and the South Bakony is represented by grey, thin-bedded, lamellar,
highly bituminous cherty dolomite, as well as bedded—thick bedded porous dolomite (Rezi Dolomite, Figure 2, 3Ta). The
thickness of the formation varies between 100 and 300m; its age is Late Norian. Its overlying rocks are dark grey clay marl
and marl; towards the heteropic platform the succession is accompanied by limestone intercalations (Kdssen Fm, Figure 2,
3Tb). The thickness of the formation in the Keszthely Mountains is around 180 m; in the Bakony it decreases from SW to
NE. Its age is Late Norian — Rhaetian (Bupal et al. 1999, HAaAs, BupAl 2004).

Shallow-marine platform limestone (Dachstein Limestone — 2T)

The uppermost, Triassic, shallow marine platform carbonate complex of the Transdanubian Mountains is made up of
light grey, thick-bedded limestone (Figure 2). In the lagoonal succession of the Bakony, the Vértes and the Gerecse, the
subtidal beds cyclically alternate with laminated stromatolites and palaeosoil beds

In the Buda Mountains and in the area of the Duna-balparti r6gok (Left Side Blocks of the Danube) the platform
limestone is thick-bedded and oncoidic. The depositional environment is of a platform margin type. The limestone is
underlain by the Main Dolomite; the transitional, lower section towards the dolomite is represented by limestone, dolomitic
limestone, calcareous dolomite and dolomite. Thickness ranges between 700 and 1000m. Age is Late Carnian—Rhaetian
(Haas 1993, Haas, Bubpal 2004).

Open-marine limestone, dolomitic limestone, dolomite (Csévar Limestone, Matyashegy Fm — 1T)

The Upper Triassic pelagic basin facies of the Transdanubian Mountains in the Buda Hills is represented by bedded,
cherty limestone and dolomite, in which marl intercalations occur as well (Mdtydshegy Fm, Figure 2). The thickness of the
formation is 200m. Its age is Carnian—Rhaetian.

In the area of the Duna-balparti rogok (Left Side Blocks of the Danube) the succession is made up of brownish grey,
thinly-bedded bituminous limestone and dolomite. In several horizons there are also chert lenses (Csévdr Limestone). Its
redeposited facies is the toe-of-slope facies of the heteropic platform. The phylament and radiolarian facies indicate a
deeper basin environment. The thickness of the formation is 600—700m and its age is Carnian—Early Liassic (HAAS 1993,
Haas, Bubpar 2004).

TRIASSIC-JURASSIC

Deep-marine shale, metasiltstone and metasandstone (Hidvégardé olistostrome — TJ)

This formaton is an olistostrome complex, cemented with greenish grey limestone. It crops out on a small area in the
northern part of the Rudabanya Mountains. The lower section of the complex is made up of several metres-large limestone
boulders, while the upper section consists of 20-30 cm-large limestone and radiolarite clasts (Hidvégardo olistostrome).
The facies is deep marine slope debris or alluvial fan. Its assumed age is Triassic—Jurassic boundary and its maximum
thickness is 15m (SZENTPETERY, LEss eds 2006).

TRIASSIC-CRETACEOUS

Triassic shallow marine limestone; Jurassic limestone; Cretaceous crinoidal limestone (’Tatai-rog”’: Dachstein
Limestone, the whole Jurassic succession, Tata Limestone — TJK)

The “Tatai-r6g” (Tata Block), located in the northern part of the Transdanubian Mountains (in the western foreland of
the Gerecse highland) is made up of Upper Triassic Dachstein Limestone (2T), continuous Jurassic succession and Lower
Cretaceous Tata Limestone (7K) (FULOP 1975).
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JURASSIC
LOWER—-MIDDLE JURASSIC

Coastal-paludal-fluvial sandstone, claystone; black coal (Mecsek Coal — 9J)

The Late Triassic — Early Jurassic succession of the Mecsek is made up of alternating sandstone, foliated clay, and
claystone (Figure 6). In the succession there are also black coal intercalations. The series, which is composed of three seam
groups, consists of fluvial and delta marshy, as well as coastal marshy facies. The formation crops out on the area of the East
Mecsek Syncline and the Northern Sliver. Its thickness ranges between 100 and 1200m, and it increases from NE to SW. The
age of the formation is Rhaetian—Early Sinemurian (NEMEDI VARGA 1998, SZENTE in FOzy ed. 2012).

Deep-marine siliceous marl, shale, olistrostrome (Telekesvolgy, Telekesoldal Complex — 8J)

The Upper Triassic — Jurassic facies of the Rudabanya Mountains is represented by: (i) red and green, foliated
claystone—clay marl-marl (ii) alternating grey, siliceous, crinoidal calcareous marl—clayey limestone and (iii) slate, and dark
grey, manganic, radiolarian and sponge spicule-bearing, foliated claystone (Telekesvolgy Complex, Figure 5, 8Ja). The
complex can be followed along the north-western side of the Rudabanya Mountains; the deposition of the complex is
tectonic. Its thickness is around 450m and its age is Late Triassic — Middle Jurassic.

A Jurassic deep-marine complex (7elekesoldal Complex, Figure 5, 8Jb) crops out in the middle part of the Rudabanya
Mountains, in the cut of the Bédva and, southwards, on the Telekesoldal. It consists of two units: (1) dark grey, black,
siliceous marl, foliated claystone—slate with subordinately, black radiolarite and metarhyolite bodies; (2) two olistostrome
horizons in the dark grey slate with sandstone, and also with limestone and rhyolite olistoliths. The total thickness of the
complex is around 600m and its the age is Middle—Late Jurassic (DOSZTALY et al. 1998, SZENTPETERY, LESS eds 2006, GRILL
in F6zy ed. 2012).

Quartzite, sericite—chlorite phyllite (Kszeg Quartz Phyllite — 7J)

The bulk of the K&szeg Mountains is made up of quartz phyllite, metaquartzite and sericite—chlorite phyllite rocks. The
greenschist facies formation is poorly foliated, thick-bedded, and lamellar-foliated/thinly-bedded. It has a clastic origin. The
substratum is unknown; the overlying formation is Velem Calc-Phyllite. The thickness of the formation is 800—1000m. Its
age has not been determined exactly but, conditionally, it is assumed to be Early—Middle Jurassic (LELKESNE FELVARI 1998;
Ivancsics in Fozy ed. 2012).

Open-marine limestone, cherty limestone, marl, siltstone, sandstone (6J)

In the Bakony, the lower section of the Lower—Middle Jurassic succession of the Transdanubian Mountains is
represented by white (upsection, pink-mottled), bedded, oncoidal platform limestone (Kardosrét Limestone*, Figure 2,
6Ja). Its maximum thickness is 150m and its age is Hettangian. The characteristically faded red, yellowish white, bedded,
intraclastic, poorly-layered limestone of the Gerecse is partly heteropic with the above-mentioned limestone. It contains
crinoids and brachiopods and has stylolitic bed surfaces (Pisznice Limestone*, Figure 2, 6Jb). It has subtidal facies. Its
thickness ranges between 20 and 40m and the age of this formation is Late Hettangian—Pliensbachian. The characteristic
facies of the continuous Jurassic succession of the Bakony is grey or red, bedded, cherty limestone (Isztimér Limestone*).
The thickness of the formation is 20—150m and itse is Hettangian—Sinemurian. The bedded or thinly-bedded, laminated,
lenticular-structured red crinoidal limestone (Kishdt Limestone*, Torokbiikk Limestone®) is a typical facies in the Bakony
and in the Gerecse. The limestone has a deep sublittoral slope or toe-of-slope facies. Its thickness is around 50 m; the age is
Sinemurian—Pliensbachian. A typical filling of the Jurassic neptunean dykes is the red, yellowish white, light grey
variegated biogene limestone. This limestone contains brachiopods and small ammonites, as well as crinoids and
gastropods in rock-forming quantities (Hierlatz Limestone*, Figure 2, 6Jc). It is poorly bedded or unbedded, and is often
extraclastic. Its thickness ranges between 30 and 50m and the age of the formation is Late Sinemurian—Pliensbachian.

The Lower—Middle Jurassic red, nodular, clayey limestone and marl ("ammonitico rosso”) is a characteristic rock
type in the Transdanubian Mountains. It is present in the Pliensbachian Stage (Tiizkovesdrok Limestone *, Figure 2, 6]d),
in a part of the Toarcian (Kisgerecse Marl*), and also in the Bathian (Tolgyhdt Limestone*). The facies is a pelagic basin
and the total thickness in the continuous Jurassic sequences is 35m. The lamellar, reddish or yellowish grey, locally
siliceous limestone, which contains pelagic bivalve shells in rock-forming quantities ("bositra limestone) (namely,
Eplény Limestone*), is partially heteropic with this limestone. The thickness of the formation ranges between 40 and
70m and its age is Toarcian—Callovian.
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A local facies of the Bakony is the Toarcian carbonatic and oxidized manganese ore (Urkiit Manganese Ore*). The
thickness of this ore ranges between 1 and 5S0m (VOROs 1998).

The Lower—Middle Jurassic succession of the Mecsek (Figure 6) is represented by clastic rocks (NEMEDI VARGA
1998, Raucsik in FOzy et al. 2012). The succession overlying the coal-bearing series consists of alternating sandstone,
marl and calcareous marl (Vasas Marl*). The facies is between shallow sublittoral and shallow bathyal. Significant
superficial occurrences are mostly characteristic between Pécs and Komlé. The thickness of the formation is 300-900m
(thickness increases towards SW) and its age is Middle Sinemurian. The overlying “mottled marl” is made up of grey,
dark grey, mottled, bedded, primarily silty calcareous marl (Hoszithetény Calcareous Marl*). The facies is between
shallow sublittoral and shallow bathyal. It can be followed on the surface on the southern side of the East Mecsek in an
uninterrupted line. The thickness of the formation ranges between 50 and 350m. and its age is Late Sinemurian—Early
Pliensbachian. It gradually passes into a bedded, turbidite-origin siliceous sandstone and breccia complex
(Mecseknddasd Sandstone*), in which siliceous crinoidal limestone (Kecskehdt Limestone™*) and black lamellar
siltstone are deposited (Rékavalgy Siltstone*). The thickness of the formation ranges between several tens of metres to
900m; its age is Pliensbachian—Toarcian. It continuously passes upwards into a cyclically alternating grey, mottled,
bioturbated, ammonite-bearing silty marl, calcareous marl and clayey limestone succession. Its grain size and debris
content decreases upwards in the succession. In the uppermost section there is laminated marl and clay marl (Komlé
Calcareous Marl*). The facies is a hemipelagic basin. The formation occurs on the surface north and east of Komlé. The
thickness of the formation is between 20 and 240m and its age is Toarcian—Bajocian. Middle Jurassic crinoidal limestone
there is between the Mecsek and Villdny Mountains (Mdriakéménd Limestone*).

MIDDLE-UPPER JURASSIC

Gabbro, microgabbro, basalt (Tardos Gabbro, Szarvaskd Basalt,
Hosszavolgy Basalt — 5])

The basic magmatites that crop out in the Biikkk Mountains and in the area of the Darné Zone have been formed as a result
of basalt volcanism (to which gabbro intrusions are related).

The basic, subordinately ultrabasic magmatic rocks of the Darné Hill are represented by gabbro; in thin bands one can
also encounter olivine gabbro and wehrlite. Furthermore, there are smaller microgabbro bodies, as well as dolerite and
basalt dykes. The upper section is made up of several hundred metres-thick basalt (in hyaloclastite, pillow lava and massive
form); this alternates with several tens of metres-thick slate, radiolarite and siliceous shale succession (Hossziivolgy
Basalt). The original radiometric age of the magmatic rocks is 160-175 Ma and 140 Ma.

The pillow lava and hyaloclastite basalt (Szarvaskd Basalt) form an uninterrupted range in the Biikk, between Szarvaské
and the southern margin of the Nagy Plateau. The underlying sedimentary rocks provide evidence of low-grade
pyrometamorphism in the contact zone. The thickness of the formation is 300-500m. In the vicinity of Szarvaské a gabbro
intrusion accompanies the basalt; in the latter there is also wehrlite of high ilmenite and titanomagnetite content (Tardos
Gabbro). Its radiometric age is 165—166 Ma (DOSZTALY et al. 1998, PELIKAN et al. 2005, PELIKAN in FOzy ed. 2012).

Deep-marine, foliated clayey siltstone; sandstone, conglomerate
(Lokvolgy Fm —4])

The lower section of the Jurassic succession of the Biikk Mountains is made up of variegated (lilac, red, green, brown,
grey, white) thinly-bedded radiolarite and radiolarian schist (Bdnyahegy Radiolarite*, Figure 4, 4]Ja). The formation was
deposited in a deep marine environment and its thickness ranges between 10 and 30m. The age is Callovian—Tithonian. It is
overlain by dark grey clayey siltstone turbidites; these contain thin sandstone beds, and (rarely) conglomerate lenses
(Lokvolgy Fm, Figure 4, 4]Jb). It has been foliated as a result of anchizonal metamorphism (”’slate”) and it has significant
outcrops in the south-western part of the Biikk. The thickness of the formation may exceed 1000m and itsage is Late Dogger
— Malm (DoszTALY et al. 1998, PELIKAN et al. 2005, PELIKAN in F6zy et al. 2012).

Deep-marine limestone, foliated siltstone, slate, sandstone, radiolarite, olistostrome
(Moénosbél Group — 3J)

The Jurassic succession of the nappes above the Biikk parautochthon comprises black, deep marine clayey siltstone and
a sandstone complex (Monosbél Group). The lower section is made up of light grey silicified sandstone (Vaskapu
Sandstone*); within the complex there occur dark grey, thinly bedded radiolarite (Csipkéstetd Radiolarite *), foliated silty
claystone, cherty and ooidic limestone (Biikkzsérc Limestone*) intercalations, as well as olistolith bodies. It has a deep-
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water turbidite facies. As a consequence of anchizone regional metamorphism, the formation is highly folded and foliated.
Its thickness may exceed 1000m and its age is Late Dogger — Malm (DOSZTALY et al. 1998, PELIKAN et al. 2005, PELIKAN in
Fozy et al. 2012).

Open-marine nodular, crinoidal limestone, marl (2J)

The Middle—Upper Jurassic succession of the Transdanubian Mountains is made up of pelagic basinal limestone and
radiolarite (CSASZAR ed. 1996, CSASZAR 1998, VOROS 1998, FOzy ed. 2012). The lower section of the succession consists
of well-bedded, thinly-bedded, dominantly porous light radiolarite with chert nodules, chert lenses and chert bands, as
well as chert and siliceous cherty limestone (Lokiit Radiolarite*, Figure 2, 2Ja). The thickness of the formation is several
tens of metres; the age is Bathian—Oxfordian. The formation is overlain by red, clayey—nodular, locally cherty limestone
(’ammonitico rosso’), the lower section of which also contains limestone breccia (Pdlihdlds Limestone*, Figure 2, 2Jb).
Its thickness is around 10m. and the age of the formation is Late Kimmeridgian—Early Tithonian. It is overlain by thin-
bedded, thin-layered, white or light red Calpionellidae-bearing limestone, and cherty limestone. The rock also contains
ammonites, belemnites and brachiopod fossil fragments (Szentivdnhegy Limestone*, Figure 2, 2Jc). The thickness of the
formation ranges between 5 and 15 m; in places it may also exceed 20m. The age of the formation is Upper Tithonian —
Valanginian. A partially heteropic formation of this limestone is the characteristic Upper Jurassic — Lower Cretaceous
“biancone” facies of the South Bakony: this is represented by greyish white, lamellar-bedded chert-lens-bearing
limestone, clayey limestone and calcareous marl (Mogyordsdomb Limestone*). The maximum thickness of the
formation is 300m and its age is Tithonian—Hauterivian.

The Middle—Upper Jurassic succession of the Mecsek consists of pelagic basinal carbonates with a maximum thickness of
100m; the superficial extent of the carbonatic rocks is restricted to the Kisijbanya Basin (Figure 2, 2Je). The lower section of
the succession is made up of red and greenish grey marl (with limestone nodules), calcareous marl and nodular limestone
(Obdnya Limestone*). The thickness of the formation ranges between 10 and 15m and its age is Bathian. The formation is
overlain by red and greenish grey, thinly-bedded, lamellar marl, clay marl and siliceous calcareous marl, followed by red, thinly-
bedded/laminated siliceous limestone and radiolarite (Fonydszo Limestone*). The thickness of the formation ranges between
35 and 45m. The formation is assigned to the Callovian—Oxfordian. The upper section of the succession is represented by grey,
red or lilac, bedded, nodular, cherty limestone (Kisijbdnya Limestone*). The thickness of the formation is 30-50m. It is
assigned to the Kimmeridgian — Middle Tithonian. The uppermost section of the succession is made up of yellowish white
limestone that extends over to the Lower Cretaceous. In its lower section it is bedded, while in its upper section it has lamellar
parting. It contains chert intercalations (Mdrévdr Limestone*). The thickness of the formation may exceed 100m and its age is
Late Tithonian—Early Hauterivian (NEMEDI VARGA 1998, NAGY L. et al. in F6zy ed. 2012).

The Jurassic succession of the Villiny Mountains is not continuous, and it is made up of basinal limestone. The lower
section of the succession in the Eastern part of the mountain consists of calc-cemented sandstone and, upward, crinoidal and
pebbly limestone and conglomerate (Somssichhegy Limestone*, Figure 2, 2Jf). Its maximum thickness is 15m and its age
is Pliensbachian. It is overlain by grey, ammonite-bearing limestone, the lower horizon of which is characterised by iron
ooids and pisoids, while the upper horizon is characterised by stromatolite and several cm-large oncoids (Villdny
Limestone*, Figure 1, 2Jg). The rock has been formed on a pelagic submarine plateau and it has a thickness of several
metres; its age is Callovian. The youngest member of the Jurassic of the Villany is made up of white or light grey, thick-
bedded, micro-oncoidic, ooidic, bioclastic limestone (Szdrsomlyé Limestone*, Figure 2, 2Jh). The pelagic submarine
plateau facies passes upwards into a shallow marine facies. The formation has a general presence in the Villiny Mountains;
its thickness ranges between 150 and 300m and its age is Oxfordian—Tithonian (NEMEDI VARGA 1998, VOROS, TOROK in
Fézy ed. 2012).

JURASSIC (UNDIVIDED)

Open-marine limestone, marl, radiolarite (combined non-continuous Jurassic,
Transdanubian Range — 1))

The Jurassic rocks of the Trasndanubian Range are depicted as ones which are present primarily on those areas where
hiatuses occur. An example of this is the Middle—Upper Jurassic succession that crops out in the Pilis and which consists
of ammonitico rosso (Tdlgyhdt Limestone — 6J) and radiolarite (Lokiit Radiolarite — 2J). The Jurassic successions
(including those which are continuous and those which are not) of the Gerecse also belong to this category. The several
tens of metres-wide cracks of the Dachstein Limestone and the Main Dolomite in the SW part of the Vértes are filled with
red, massive, fine-crystalline limestone (Csokakd Limestone ™). The age of the formation is Middle Jurassic (BuDAl et al.
2008).
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JURASSIC-CRETACEOUS

Crystalline limestone, calc-phyllite, metaconglomerate, greenschist, metatuffite (FelsGcsatar Greenschist, Velem
Calc-Phyllite — JK)

The upper part of the metamorphic complex making up the Készeg Mountains consists of folded, foliated calc-phyllite
and, in several horizons, metaconglomerate intercalations (Velem Calc-Phyllite). The original sediment was probably
Middle Jurassic — Lower Cretaceous shallow marine marl and delta debris. The thickness of the formation ranges between
200 and 500m. In the southern part of the mountains, as well as in a southwards direction (on the Vas Hill), the outcropping
greenschist and serpentinite were formed during the Late Cretaceous; this is a result of the metamorphism of submarine
basic lavarocks (Felsdcsatdr Greenschist). The thickness of the formation is around 100m (LELKES FELVARI 1998, IVANCSICS
in F6zy ed. 2012).

CRETACEOUS
LOWER CRETACEOUS

Subvolcanic—submarine volcanic alkaline basalt, trachybasalt, tephrite, phonolite
(Mecsekjanosi Basalt — 10K)

The Lower Cretaceous succession of the Mecsek consists of a subvolcanic and submarine volcanic complex (Figure 6); this is
composed of alkali basalt, trachybasalt, tephrite and phonolite. The formation crops out on the area of the East Mecsek Syncline and
the Northern Sliver. It also formed dykes which were injected into different formations in other parts of the mountains, and
itsthickness is several hundreds of metres. Its age is Berriasian—Hauterivian (BILIK in CSASZAR ed. 1996, CSASZAR 1998b).

Deep-marine limestone, marl, conglomerate, sandstone (Apatvarasd Limestone,
Hidasivolgy Marl, Magyaregregy Conglomerate — 9K)

The Lower Cretaceous marine succession of the Mecsek — on the margin of the Kistijbdnya Basin — is made up of bathyal
sediments of diverse grain size (Figure6); these sediments were deposited on the volcanic slopes and are result of the the
denudation of basalt volcanoes (BILIK, CSASZAR in CSASZAR ed. 1996, CsAszAR 1998b). Within the conglomerate and sandstone
complex, shallow marine (rudists, corals etc.) and pelagic fossils have accumulated in lenses (Magyaregregy Conglomerate,
Figure 6, 9Ka). The maximumthickness of the formation is around 100m and its age is Valanginian—Barremian. The fine-grained
facies of the succession is made up of grey, frequently bentonitic, ammonite-bearing claymarl and marl, with calcareous marl and
limestone intercalations and redeposited hyaloclastites (Hidasivolgy Marl, Figure 6, 9Ka). The thickness of the formation is
several tens of metres and its age is Valanginian—Hauterivian. In the southern foreland of the East Mecsek, crinoidal limestone
makes up the Lower Cretaceous succession; its superficial extent is small and itcontains claymarl-calcareous marl intercalations
(Apdtvarasd Limestone). Its maximum thickness is ca. 100m and its age is Valanginian— Barremian.

Open-marine marl, sandstone (Bersek Marl, Labatlan Sandstone — 8K)

In the north-eastern part of the Transdanubian Mountains (Figure 2), i.e. in the Gerecse, the Lower Cretaceous clastic marine
succession covers alarge area (CSASZAR 1996, CsASzAR 1998a). Its lower section is made up of grey or lilac red marl and siltstone,
accompanied by turbiditic sandstone intercalations. At the base, limestone breccia occurs (Bersek Marl, Figure 2, 8Ka). The
formation was formed in a pelagic basin. Its thickness is around 100m and its age is Berriasian— Hauterivian.

The Bersek Marl is overlain by greyish green and lilac red medium- and coarse-grained sandstone and pebbly sandstone
(turbidite facies) (Ldbatlan Sandstone, Figure 2, 8Kb). Frequently occurring, there are also marl, matrix-supported
conglomerate and limestone intercalations. In the upper section there are chert breccia—conglomerate beds, with limestone
blocks containing shallow marine fauna. The facies is a bathyal submarine slope fan. Its thickness may attain 400m and its
age is Late Hauterivian—Early Albian.

Shallow-marine biogene limestone (Zirc, Tata, Nagyharsany Limestone — 7K)

The lower section of the Lower Cretaceous, shallow marine carbonate succession of the Transdanubian Mountains is
represented by thinly-bedded or lamellar, grey—greenish grey crinoidal limestone (Figure 2); locally, this is accompanied by
calcareous sandstone intercalations (Tata Limestone, Figure 2, 7Ka). It has a sublittoral facies. Superficial occurrences are
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known in the Bakony (from Siimeg to Olaszfalu), as well as in the SW and NE margin of the Vértes. Its maximum thickness
exceeds 200m. and its age is Late Aptian — Early Albian.

The upper section of the succession is made up of bedded, biogene platform limestone, containing rudist and other thick-
shelled bivalves, gastropods and large foraminifera (Orbitolina) in rock-forming quantities (Zirc Limestone, Figure 2, 7Kb).
The largest outcrops are in the North Bakony (Zirc Basin), while to a smaller extent it also occurs in the South Bakony and
in the south-western part of the Vértes. Its thickness ranges between 25 and 250m and its age is Late Albian (KNAUER et al.
in CSASZAR ed. 1996, CSASZAR 1998a).

The Lower Cretaceous shallow marine carbonate platform facies of the Villiny Mountains (Figure 6) is made up of grey
limestone (Nagyharsdny Limestone). The several tens of metres-thick lower section is black and, locally, Lofer cyclic brecciated
limestone. The bulk of the limestone is thick-bedded or massive; rudist shells and large foraminifera are present in rock-forming
quantities (Orbitolinas). Its maximum thickness may attain 400m and itsage is Valanginian—Albian (CsASZAR 1993, 1998b).

LowER—-UPPER CRETACEOUS

Fluvial-paludal clay, sandstone; open marine marl (Tés Clay Marl, Pénzeskiit Marl — 6K)

The middle section of the Lower Cretaceous succession of the Transdanubian Mountains (Figure 2) is made up of cyclic,
variegated and grey clay, clay marl and marl, accompanied by limestone and sandstone intercalations (7és Clay Marl, Figure
2, 6Ka). The facies is fluvial, lacustrine, marshy and marine lagoonal. The formation crops out in the North Bakony. Its
thickness ranges between 60 and 120m and its age is Middle—Late Albian.

The uppermost section of the Lower Cretaceous succession of the Transdanubian Mountains (extending to the lower
part of the Upper Cretaceous) is represented by hemipelagic marl (Pénzeskiit Marl, Figure 2, 6Kb). The lower third of the
formation is dolomitic (and also glauconitic) and contains limestone nodules; the upper third is made up of siltstone and
sandstone. In the North Bakony it can be found on the surface. Its maximum thickness is around 480m and its age is Late
Albian—Cenomanian (CSASZAR 1993, 1998a).

UPPER CRETACEOUS

Subvolcanic microgabbro, basalt, carbonatite (Budakeszi Picrite — 5K)

This formation comprises magmatic rocks that crop out in the quarry of Budaliget in the Buda Hills, and in the quarry
of Pdkozd in the Velence Mountains. They are highly weathered, dyke-forming alkali basic, ultrabasic subvolcanic rocks.
They are partly made up of monchiquite, camptonite, sannaite, alnoite (KuBovics, SZaBO 1988), partly of beforsite, picrite,
and spessartite dyke rocks. Their colour is greenish grey, dark grey. The texture is porphyric-panidiomorphic within the
dyke, while on the margins it is vitroporphyric and trachytic, in which light green or red olivine (or its carbonate,
serpentinite or perhaps green mica pseudomorphs), pyroxene (augite, Ti-augite) phenocrysts, and black mica (phlogopite,
and along the edge of the dykes, biotite) can be recognised by the naked eye. The matrix is made up of feldspar (sanidine and
orthoclase, bound to carbonatic nodules) and — as a general accessory constituent — opaque mineral; apatite is also
present, which occurs exclusively in the middle of the dykes. In the matrix there are acicular mica, sanidine, analcime and,
here and there, carbonatic or silicate crystal nodules made up of opaque minerals.

The dyke of the Velence Mountains is a dolomitic carbonatite, with 47-51% carbonate content (from olivine). Its
composition is beforsite (HORVATH et al. 1983) and the age of the formation is 77.3-69 Ma (K-Ar method).

Fluvial clay, siltstone; sand—sandstone, gravel (Csehbanya Fm — 4K)

The lower section of the Upper Cretaceous succession of the Bakony is made up of variegated or greenish grey clay, clay
marl, siltstone, and sand, sandstone and gravel (Figure 2). Itis fluvial, floodplain sediment. Its thickness increases from west
to east; the average thickness is 50m, but in the vicinity of Csehbdnya it exceeds 200m. Its age is Santonian—Early
Campanian (JOCHANE EDELENYI in CSASZAR ed. 1996, HAAs 1998a).

Shallow-marine, rudistid limestone (Ugod Limestone — 3K)

The Upper Cretaceous shallow marine platform carbonate facies of the Bakony is represented by light grey, thick-bedded
rudistid limestone (or limestone with shell fragments of rudists)(Figure 2). Its extent is restricted to two parallel NE-SW-
trending ranges: between Siimeg and Ajka, as well as around Ugod. The thickness of the formation ranges between 100 and
300m, and its age is Campanian — Early Maastrichtian (HAAS 1998a, HAAS in CSASZAR ed. 1996).
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Open-marine marl (Polany, Jaké Marl — 2K)

The lower section of the Upper Cretaceous pelagic basinal facies of the Bakony is represented by grey clay marl, marl, and
calcareous marl (Figure 2); in the lower sectionsolitary corals and molluscs can be found, while in the upper section there are
thick-shelled bivalves (Jdko Marl). On the surface, it occurs in the North Bakony (Bakonyjdké, Ugod), as well as in certain parts
of the South Bakony (Ajka, Stimeg). Its maximum thickness is 100m and its age is Campanian. The formation is overlain by well-
bedded, grey clayey limestone, calcareous marl, and marl; in the upper section there is silty marl (Poldny Marl). The maximum
thickness of the formation is 800m and its age is Late Campanian (HAAS 1998a, HAAS in CSASZAR ed. 1996).

Deep-marine conglomerate, sandstone; marl (Nekézseny Conglomerate — 1K)

The Upper Cretaceous succession of the Uppony Mountains is made up of thick-bedded conglomerate, accompanied by
intercalating sandstone and marl beds (Figure 3). Locally, rudistid limestone blocks are also present inside it. It is a
submarine slope sediment, formed as a result of gravitational movements (”gosau conglomerate™). Its thickness is several
hundreds of metres and its age is Santonian (?)-Campanian (HAAS 1998b, PELIKAN et al. 2005).

EOCENE

Bauxite, bauxitic clay (Gant Bauxite — 6E)

This formation consists of pelitomorphic intraclastic bauxite, bauxitic clay, kaolinic clay and, locally, it is accompanied
by extra and intraclastic lenses, as well as redeposited bauxite debris. These features occur in piedmont sediments and
karstic dolines. They originate from the weathering of the Mesozoic carbonates and the redeposition of older bauxites
(MINDSZENTY et al. 2000). The maximum thickness of the formation is 60m. Its age cannot be determined from the fossil
record, but the fission track data of the zircon minerals indicate a SW to NE-shifting Ypresian—Priabonian age. (Thus it is
somewhat older than the overlying sediments).

Paralic, limnic brown coal, clay, freshwater limestone, calcareous marl (Dorog, Kosd Fm — 5E)

In its role as the starting member of the Middle Eocene transgression cycle, this succession is deposited on the
Palaeo—Mesozoic basement or the Gant Bauxite Formation. Its consists of terrestrial piedmont, fluvial, lacustrine,
marshy—boggy and paralic sediments, which were deposited in a brackish water environment. There are, however,
intercalations, which indicate that there were normal salinity conditions. The succession is mostly covered. Its lower part is
made up of fluvial, lacustrine clay, sand, and breccias originating from the gravel beds or from the denudation of the nearby
Mesozoic formations; furthermore, proluvial and deluvial debris is present, alongside redeposited bauxite (lower part of the
Dorog Fm, Figure 7, 5Ea) and, possibly, also conglomerate (which originated from the denudation of magmatic rocks), and
tuffaceous, clayey and bauxitic rocks (Kosd Fm, Figure 7, SEb). The upper part of the succession is characterised by
lacustrine and brackish, as well as paralic coal-bearing beds and coal seams; in the latter marine intercalations (which
formed in normal salinity water) also occur (BERCZI, JAMBOR eds 1998). On the basis of the fossils of the intercalating beds
and those of the overlying sediments, the age of the succession is Middle and Upper Eocene. It crops out in the south-eastern
foreland of the Vértes (above the Gant Bauxite), in small patches in the northern part of the Gerecse, in the Buda Hills, and
in the area of Dunabalparti-rogok (Left Side Blocks of the Danube). It also occurs on the surface in the southern foreland of
the Biikk, with a thickness of 10-90m.

Shallow-marine mollusc-bearing marl, silt, sandstone (Csernye Fm, Csolnok Clay Marl — 4E)

The shallow marine and deep neritic formations of the Middle Eocene transgression cycle show a continuous transition
from the overlying sediments of the coal-bearing Dorog Formation. In the 10 to 20m (max. 50 m-thick), shallow marine marl
and calcareous marl, siltstone and sandstone beds fossil gastropods, bivalves and corals also occur; this indicates eutrophic
conditions. Frequently, the fossils have accumulated in a lumachelle-like manner (Csernye Fm, Figure 7, 4Ea). The
formation gradually passes upwards into a homogenous, deep neritic, well-bedded, grey clay marl and marl succession, the
lower third section of which is frequently glauconitic. This formation is related to the high-water horizon of the
transgression cycle (Csolnok Clay Marl, Figure 7, 4Eb). Characteristic fossils include small-sized large foraminifera (which
had a low light requirement); locally, these can be found in large amounts. Examples include Operculina, small Nummulites
— primarly N. subplanulatus, Assilina, orthophragminas and there are also thin-shelled molluscs and typical Pteropodas
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Figure 7. Eocene and Eocene—Oligocene lithostratigraphy (based GYALOG, Bupal eds 2004, reworked)

Legend: 6E — Gant Bauxite, 5Ea — Dorog Fm, 5SEb — Kosd Fm, 4Ea — Csernye Fm, 4Eb — Csolnok Claymarl, 3E — Tokod Fm, 2E — Padrag Marl, 1Ea — Széc
Limestone, 1Eb — Szépvolgy Limestone, 2EOI — Buda Marl, 1EOla — Nadap Andezite, 1EOIb — Recsk Andesite

(KECSKEMETINE 1963, 1966). The foraminifera indicate oligo- and mesotrophic conditions. The thickness of the formation
ranges between 20 and 120m. The Csolnok Clay Marl generally occurs in the area of the Transdanubian Mountains. Its
heteropic facies is the shallow marine Sz6c Limestone, which represents the substratum of the marl. The marl, however,
overreaches the extent of the limestone. The upper part of the formation contains sandy intercalations in the north-eastern part
of the Transdanubian Mountains, indicating interfingering with the Tokod Formation. At other places, the Sz6c Limestone
interfingers with thicker, shallow marine facies. The overlying rock of the formation is known only in the north-western part of
the Transdanubian Mountains, where the deep-marine Padrag Marl is deposited on the limestone. Its age is Upper Lutetian —
Lower Bartonian. The formation crops out on the marginal parts of the Vértes and the Gerecse (in smaller patches), in the south-
western part of the Vértes, and in the northern part of the Gerecse (with a larger areal extent).

Shallow-marine marl, sand, sandstone (Tokod Fm — 3E)

The formation is dominantly made up of sand and, subordinately, clayey, siltstone and clay marl beds. Locally, it has
developed from the deeper marine Csolnok Formation without transition, and with submarine erosional horizons. These
horizons were previously considered to be erosional unconformities (KERCSMAR 2005). Locally, the coarser-grained
siliciclastic sediments come only after the silty, fine sandy beds, which are deposited in the Csolnok Formation. In the most
complete successions these are thin sand layers of upward-increasing thickness and grain size. The sandstone contains plant
fragments but no fossil fauna. Locally, the sand-intercalation—bearing clay marl beds are overlain by coarse-grained sandstone;
this exclusively contains Nummulites perforatus and thick-shelled, frequently bio-perforated mollusc shells (Strombus,
Ampullina, Ostrea, Crassatella) (KECSKEMETINE 1966, KERCSMAR 2010) (“perforatus horizon”). The Nummulites perforatus
beds are overlain by beds with Nummulites striatus and an excessively rich mollusc assemblage ("’striatus horizon™). The upper
third of the succession comprises extremely complex and diverse fine sandy, silty, clayey beds; in the vicinity of Csolnok it is
accompanied by brown coal lenses (Lencsehegy beds). In the northern part of the Gerecse, the formation is underlain by the
Csolnok Formation; this contains siliciclastic intercalations which are interpreted as pro-delta turbidites. In the south-western
part, however, the formation is underlain by the carbonatic sediments of the lower part of the Sz6c Limestone, which is a
heteropic facies of the Csolnok Formation. The formation is overlain by carbonatic successions, which have developed from
the siliciclastic beds and extend to the lower part of the Priabonian (Sz6c Limestone) (KERCSMAR 2005, BupAl, FODOR eds
2008). The thickness of the formation is 10-20m in the south-western part of the Gerecse, while in the north-east it ranges
between 150 and 250m. The siliciclastic beds of the formation have diverse facies. They occur only in the north-eastern part of
the Transdanubian Mountains, in the Gerecse, between the Dorog Basin and the Tatabanya Basin. The formation crops out in
the north-eastern and south-western part of the Gerecse, as well as on the south-western margin of the Dorog Basin.
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Open-marine silty marl (Padrag Marl — 2E)

The lower part of the formation consists of plankton, foraminifera-bearing (Globigerina sp.) basinal marl ("globigerina
marl”), accompanied by thin andesite tuff intercalations. The grey, greenish grey formation contains thin-shelled neritic
mollusc fossils (Nuculana, Ringicula, Cylichna, Dentalium), deep marine pteropods (Prachyalocyclis sp.), deep marine
ostracods (Agrenocythere sp.) and several Nautilus species. The upper part of the formation comprises coarse-sandy marl
and calcareous, clayey sandstone beds of submarine canons and fans, with a large amount of volcanic grains; the latter have
accumulated due to gravitational movements. Beside the oceanic nannoplankton, the formation also contains many
redeposited shallow marine fossils which originated from the outer shelf (Discocyclina sp., Nummulites sp., Operculina sp.,
Marginella sp., Natica sp., Cerithium sp., Tubulostium sp., Musculus sp.) (BALDINE BEKE, BALDI 1990, SZTANO, FODOR
1997). The Padrag Marl developed gradually from the glauconite-rich Csolnok Clay Marl, which was deposited in an upper
slope environment on the shelf margin. The total thickness of the formation ranges between 100 and 300m and its age is
Bartonian — Lower Priabonian. There are superficial occurrences in the north-eastern and south-western part of the Bakony
and in the north-western part of the Gerecse.

Shallow-marine biogene limestone, calcareous marl (Szdc, Szépvolgy Limestone — 1E)

This carbonate succession was formed in a shallow marine (ramp and slope facies) environment, and it is dominantly
made up of yellowish grey limestone, clayey limestone, sandy limestone and calcareous marl. It contains fossils indicating
normal salinity: primarily large foraminifera, locally red algae in rock-forming quantities, as well as molluscs, echinoids,
decapods, corals and the remains of vertebrata.. The formation stretches over the area of the Transdanubian Mountains and
the North Hungarian Mountains, in the form of a carbonatic succession that gets younger from SW to NE. With regard to its
extent and age, it can be divided into two well-separable parts. In the area of the Transdanubian Mountains the Early
Lutetian — Early Priabonian Szdc Limestone (so-called “Main Nummulites Limestone”) extends up to the Buda Line (Figure
7, 1Ea). The formation is mostly present in the north-western part of the mountain range, but also occurs in smaller patches
in the south-eastern forelands. It overlies Mezosoic rocks, the Csernye Formation, and in the northern part of the Gerecse,
the siliciclastic Tokod Formation. The latter pinches into the formation, thus separating it into two parts in the south-western
foreland of the Gerecse (KERCSMAR 2005, 2010). In accordance with the transgressional succession, the formation is
overlain by the heteropic Csolnok Formation.

The Priabonian Szépvaolgy Limestone shows a continuous transition from the Sz&c Limestone in the Velence Mountains.
It contains thin andesite tuff intercalations (GYALOG, HORVATH eds 2004). Along the Buda Line and along the southern
margin of the Biikk, it overlies the Mesozoic carbonates or the clastic succession of the Kosd Formation (Figure 7, SEb).
South-eastwards, over a short distance, the formation passes into the deep-marine basinal Buda Marl (2EOI) which, on the
margins, overlies it with a short temporal transition. As a result of the structural development related to the Eocene basin
evolution, the carbonatic sediments formed on the margin of the ramp (and which were accumulated on the upper part of the
sedimentary slope) may have undergone plastic deformations with gravitational movements of high density or in the forms
of olistoliths the sediments may have been redeposited into heteropic basinal facies (Csolnok Clay Marl, Buda Marl) (FODOR
et al. 1992, FODOR et al. 1994, KERCSMAR, FODOR 2005). Biostratigraphic division of the limestone beds is ensured by the
large number of Nummulites species (KOPEK et al. 1964; KECSKEMETI 1980, 1993) and the zone indicator forms of the
Orthophragminas (LESS 1987). The Middle Eocene Sz6c Limestone is 20-200 m-thick, while the thickness of the Upper
Eocene Szépvolgy Limestone varies between 30 and 40m.

EOCENE-OLIGOCENE

Open-marine marl (Buda Marl — 2EOI)

This light grey, greenish grey (on weathered parts, light brown, yellowish brown), hard, highly silty marl, clayey siltstone
is accompanied by bentonitic and tuffite intercalations of some centimetres or (rarely), a half metre thickness. It contains
plankton foraminifera and thin-shelled Propeamussium forms. It is a pelagic siliciclastic succession which was deposited
in water of up to 200 m-depth. It has a rapid transition from the heteropic coastal Szépvolgy Limestone, represented by a
maximum 20 m-thick bioclastic, calcarenitic limestone and calcareous marl succession; the latter contains many remains of
Bryozoa ("Bryozoan marl”). The carbonate content decreases upwards. In some horizons the formation also contains semi-
consolidated limestone olistoliths and allodapic limestone bedsoriginating from the shallow shelf. It can be distinguished
from the overlying Tard Clay by the high calc-content and by the general absence of lamellar bedding (as a result of
bioturbation). Its formation began in the Priabonian, as indicated by the Isthmolithus recurvus nannoplankton (NP20
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biozone) described from the lower part of the formation. The age is also justified by the Nummulites fabianii redeposited
from the shallow shelf. On the area of the Buda Hills, close to the Priabonian-Kiscell boundary, the formation gradually
passes upwards into the Tard Clay. According to the Globigerina tapuriensis plankton foraminifera, its formation in the
north-eastern region extends to the Lower Oligocene. In the Buda Hills it occurs south-east of the Buda Line facies
boundary, while in the North Hungarian Mountains it is present only sporadically and is represented by thin beds (BALDI
1983, 1998; FODOR et al. 1994).

Andesite (stratovolcanic, subvolcanic), pyroclastic rocks, metasomatite
(Nadap, Recsk Andesite — 1EOI)

The Nadap Andesite (1EOIla) constitutes the Zala—Balaton—Velence andesite arc that occurs along the Balaton Line. The
Balaton Line belongs to the northern part of the Mid-Hungarian structural zone, which represents the south-eastern tectonic
boundary of the Palaeogene Basin of Hungary. The lava rocks and pyroclastic subvolcanic formations of the multi-phase
stratovolcanic activity crop out in the eastern part of the Velence Mountains. The rocks include biotite-amphibolite
andesite, —agglomerate, —tuff, pyroxene andesite, dacite and diorite intrusions, as well as contact metamorphic and
hydrothermal metasomatic formations (BERCZzI, JAMBOR eds 1998). The calc-alkalic lava rocks related to the subduction are
dominantly made up of andesite and basaltic andesite; however, rocks of a basalt, dacite and trachyandesite composition are
also present. The magma, penetrating the Palaeozoic shales, the Carboniferous granites and the Upper Permian — Lower
Triassic carbonatic sediments form volcanic necks, dykes and intrusive breccias (BENEDEK 2002). According to the fossils
of the intercalating beds, the age of the formation is Middle and Upper Eocene (Figure 7). The K-Ar age (29-42 Ma),
however, indicates Middle Eocene — Early Oligocene volcanic activity (GYALOG, HORVATH eds 2004). The thickness of the
formation exceeds 1000m.

In the north-eastern continuation of the structural zone of the Balaton Line (in the surroundings of Recsk), the Recsk
Andesite (1EOIb) crops out; this is related to the Darné Zone. The formation is made up of calc-alkalic, subvolcanic rocks
and andesite stratovolcanic forms; it also contains terrestrial and submarine lava and pyroclastic rocks, as well as intrusive
and metasomatized rock bodies. The composition of the intrusions and subvolcanic bodies is diorite porphyry,
quartzdiorite-porphyre and instrusive breccias; the volcanics are made up of porphyric amphibole—biotite andesite,
—agglomerate, and amphibole—pyroxene andesite. The metasomatites consist of propylitizated, skarn, jarosite-bearing,
kaolinic and sericitic rocks (BErCzI, JAMBOR 1998, BENEDEK 2002). The Recsk Andesite is underlain by the 5 m-thick Buda
Marl (NP21 zone), deposited on the Priabonian Szépvolgy Limestone. The andesite is overlain by a clayey formation
containing nannoplankton association of the NP24 zone and Oligocene large foraminifera (Lepidocyclina sp., Nummulites
kecskemetii, Operculina complanata) (LESs et al. 2008). According to the fossil record of the underlying and overlying
formations, the age of the volcanic formation is Late Priabonian — Late Kiscellian (Figure 7, 8). The thickness of the
formation exceeds 800m.

OLIGOCENE

Redeposited bauxite, clay (Obarok Bauxite — 40l)

West of the Buda Line (BALDI, NAGYMAROSY 1976, FODOR et al. 1992), as a result of the Oligocene uplift and the
following denudation (”infra—Oligocene denudation”, TELEGDY ROTH 1927), the bauxite was redeposited and trapped in the
depressions of the karstified basement. The bauxite is pelitomorphic and is also made up of bauxite clasts; it contains
pebbles and carbonised plant fragments. The youngest underlying rock of the formation is Eocene limestone, while the
oldest is represented by the Many or Csatka Formations. The thickness of the bauxite is a maximum of 20-30m; the average
thickness is 1-2m. It occurs in the north-eastern part of the Transdanubian Mountains but it can be detected in the north-
eastern part of the Bakony as well.

Shoreline sandstone, conglomerate (Harshegy Sandstone, Iharkit Fm — 30I)

The characteristically basin marginal Hdrshegy Sandstone (Figure 8, 30la) dominantly comprises fine-grained and
(locally) coarse-grained sandstone, pebbly sandstone, conglomerate, (locally) caolinic sand and refractory clay, with fine
sandy, clayey siltstone intercalations. At its base, isolated patches of red clay or coal-bearing (coal seams) variegated clay
occurs. The cement material of the frequently cross-bedded sandstone and the conglomerate in the zone of the Buda Line is
hydrothermal silica, chalcedony and limonite, and (rarely) barite, calcite or kaolinite. Its facies is littoral-shallow sublittoral
with normal salinity; in the Esztergom-Dorog Basin it is brackish—lagoonal. In places it is fossil-poor, while locally it is
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Figure 8. Oligocene and Oligocene-Miocene lithostratigraphy (based GYALOG, BuDAI eds 2004, reworked)
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201b — Kiscell Clay, 101 — Csatka Pebbles, OlMa — Many Fm, OIMb — Torokbélint Sandstone, OlMc — Szécsény Schlier, OIMd — Eger F., OlMe
—Csokas Fm

unusually rich in fossils of diverse fauna (BErRCzI, JAMBOR eds 1998). The formation is unconformably deposited on older
Eocene and Mesozoic formations, with the exception of (i) the area of the Romhéany Block, where it shows a continuous
transition from the Tard Clay, and (ii) the area of Alcsutdoboz, where it overlies the Tard Clay with uncertain unconformity.
The eastern and north-eastern boundary of the formation is represented by the Buda Line, where it interfingers with
heteropic basinal Kiscell Clay. It is usually overlain by the Kiscell Clay or, west and south-west of the Buda Line, by
Torokbalint Sandstone. On the basis of nannoplankton (NP24 zone), the age of the formation is Upper Kiscellian. However,
according to the Romhény section, in several areas its formation possibly began at the end of the NP23 zone, at the beginning
of the infra—Oligocene denudation. In most places, however, its formation could possibly be connected to the transgression
event which resulted in the formation of the Kiscell Clay (BALDI, 1983).

Westwards, its extent is restricted to the area of the Buda Hills, the Pilis and the eastern margin of the Gerecse, as well as
the area of the Duna-balparti r6gok (Left Side Blocks of the Danube). It was deposited on the infra—Oligocene denudation
surface and its thickness does not exceed 200m.

Part of the Iharkiit Formation (Figure 8, 301b) is the same age as the upper part of the Harshegy Sandstone, while
elsewhere it is younger. West of the Harshegy Sandstone it is a distal, isolated formation bordered by unconformity levels in
its lower and upper parts. The terrestrial and coastal fan sediment is dominantly made up of calcareous conglomerate and
variegated—mottled clay, in which calcareous sandstone lenses have been deposited. The material of the pebbles and the
calcareous sand in the formation are mostly Middle Eocene Sz6c Limestone and Eocene bioclasts. The pebble material is
mostly that of pebbles from the Csatka Formation. The more clayey beds contain redeposited nannoplankton of the NP19
zone, Oligocene sporomorphs and charophytas. The age of the formation is uncertain; it is probably Early Oligocene,
although its formation may have begun in the Priabonian. Its occurrence is restricted to the area of the Northwest Bakony
andthe area of Tharkit—-Németbanya—Bakonyjako. Its maximum thickness is around 140m.

Open-marine clay, silt, clay marl (Tard, Kiscell Clay — 20I)

The Tard Clay (Figure 8, 20la) develops continuously from the Buda Marl, parallel with decreasing calc-content. The
formation is lamellar (laminitic), poorly bedded clayey siltstone made up of alternating dark grey and light, fine and coarse-
grained laminas. The organic-rich formation was deposited in a euxinic, shallow bathyal environment, in 30-300 m-deep
water. It shows no sign of bioturbation. Its heteropic coastal facies is Harshegy Sandstone, deposited along the Buda Line
and west of it. Fossils in the formation include poor foraminifera and nannoplankton assemblages, pteropodas, endemic
mollusc forms, as well as plant fragments and fish remains. In the non-laminitic part of the formation, allochtonous benthos
fauna occurs. On the basis of the ecological demand of the microfauna, the formation can be divided into three easily
distinguishable parts. The lower part was formed in a bathyal marine environment; the middle part was formed in a shallow
marine environment (with two Spiratella horizons — the so-called “mollusc horizons”); while the upper part was formed in
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brackish water, in a rapidly deepening basin (characterised by a lamellar structure and containing a large mass of plant
fragments). The formation is 2—-80 m-thick; its age is Lower Kiscellian (NP22-23) and it occurs south-east and east of the
Buda Line.

The light grey, bioturbated Kiscell Clay (Figure 8, 201b) consists of fine-grained, clayey siltstone. It is not laminitic. It
contains 15-20% carbonate and it shows a continuous transition from the Tard Clay. In the lower member of the succession,
graded and non-graded fine-grained sandstone and clayey silty beds have been deposited. In these beds pebbly, sandy
fluxoturbidites and glauconitic beds also occur, containing shallow marine mollusc shells (Chlamys, Ostrea) originating
from the siliciclastic shelf. Around Biikkszék the formation contains several metres-thick weathered tuff intercalations. In
the formation there are well-preserved foraminifera and mollusc faunas of high diversity, beside which there are echinoids,
Sepia forms and ahermatipic corals. The Kiscell Clay was deposited on a well-oxygenated, 300 to 500 m-deep, open marine,
shallow bathyal sea bottom. The thickness of the formation ranges between 10 and 1000m. The formation extends beyond
the Buda Line in the west, where it was deposited on the near-coastal Harshegy Sandstone; in the basin it overlies the Tard
Clay while westwards, the Harshegy Sandstone remains the heteropic facies of the Kiscell Clay. Here the concordant
overlying formation of the Kiscell Clay is the Torokbalint Formation, which towards the basin is heteropic with the Csatka
Formation. Between the Buda Line and the Darné Line the formation is continuously overlain by Szécsény Schlier. The
Kiscell Clay gets thinner northwards and it is present in the Esztergom Basin, in the area of the Dunazug Mountains; it can
also be found on the southern forelands of the Buda Hills, the Pilis, the Vértes and the Gerecse (BALDI 1983, BERCZI, JAMBOR
eds 1998). According to nannoplankton, the age of the formation is Late Kiscellian (NP24 zone).

Terrestrial-fluvial-lacustrine clay, sand—sandstone, gravel-conglomerate (Csatka Fm — 10l)

This is an alluvial, floodplain siltstone and clay formation. The lower part is red and variegated, while in its upper section
itis oil green, greyish grey. It is made up of alternating medium- and fine-grained biotitic sandstone and calcareous clay; in
this clay collapsed plains, root traces, calcareous nodes and coal bands frequently occur. In the cyclic succession,
conglomerate and variegated clay beds and point bar intercalations appear ca. every 15 metres. The grain size of the pebbles
of the conglomerate decreases west-to-east. In the rare sandy and pebbly basin sediments Unio inaequiradiatus occurs,
while in the floodplain, pelites terrestrial and subaeric gastropods, as well as freshwater molluscs are present.In the
Northeast Bakony, in the lower part of the Csatka Formation, coal-bearing beds are present, while in the area of Oroszlany,
in the upper part of the succession, brackish beds ("cyrena beds”) are deposited with typical mollusc fauna (Tympanotonus
sp., Potamides sp., Pirenella sp., Congeria basteroti, Polymesoda sp.=Cyrena sp.). The formation unconformably overlies
the denudation surface of the Mesozoic or Eocene formations. The thickness of the formation increases as the grain size
decreases; the increase is from west to east, with the average thickness being 100-300m; however, in the area of Oroszlany
and Mor it can attain 800m. Overlying sediments include those of the Miocene and Pleistocene (which are deposited with
unconformity). North-eastwards, stretching into the foreland of the Vértes and in the area of the Tatabdnya Basin, it
interfingers with the coastal, brackish water, upward marine shelf facies Many Sandstone; eastwards, the latter passes into
the Torokbalint Formation (BErCzI, JAMBOR eds, 1998). On the basis of the molluscs and the poor nannoplankton
assemblage, the age of the formation is Upper Oligocene, Egerian (NP 24-25). However, the deposition of the formation in
the foreland of the Vértes had possibly already begun at the very end of the Kiscellian (Bubal, FODOR eds 2008). It crops out
in the north-western foreland of the Transdanubian Mountains. South-westwards, it can be traced up to the western margin
of the Bakony.

OLIGOCENE-MIOCENE

Marine-brackish water-lacustrine clay, claymarl, siltstone, sandstone, conglomerate (Many Fm, Torokbalint
Sandstone, Szécsény Schlier, Eger, Csokas Fm — OIM)

The Mdny Formation (Figure 8, OlMa) is dominantly made up of alternating calcareous siltstone, clayey siltstone, and
cross-bedded sand and sandstone beds; in these beds there are conglomerate and variegated clay intercalations and coal
bands. The formation was deposited in brackish water, in a shallow marine lagoon. The formation contains intercalations of
sediments formed in freshwater, and sea water of normal salinity. Locally, there are brown coal seams in the lowest third
section of the succession. It is either deposited on the Harshegy Sandstone from which it gradually developed, or it is
unconformably deposited on rocks older than Oligocene. The Méany Formation occurs in the north-eastern part of the
Transdanubian Mountains. It has superficial occurrences in the western and eastern foreland of the Gerecse and in the
Dorog Basin and its thickness varies between 200 and 600m. According to the heteropic Csatka Formation, the development
of the Many Formation probably started at the end of the Kiscellian and continued during the Late Oligocene (KORPAS 1981,

33



NAGYMAROSY, GYALOG in GYALOG ed. 1996, NAGYMAROSY, GYALOG in CSASZAR ed. 1997, GYALOG ed. 2005, SELMECZI,
Fobor 2008, NAGYMAROSY, GYALOG 2012). The assertion about its “integration” into the Torokbélint Sandstone Formation
is not a new idea (SzTANO et al. 1998): in 2012 the Oligocene Working Committee of the Hungarian Stratigraphic
Commission proposed the re-classification of the Many Formation as a member of the Térokbalint Formation.

The Torokbdlint Sandstone (Figure 8, OIMb) was formed in normal sea water, in a shallow sublittoral or locally, sandy-
coastal environment. It is composed of sandstone (locally cross-bedded) and sand of diverse grain size. It contains siltstone
and clay intercalations ("Pectunculus obovatus sand”, “Cyrena beds”). It is found east of the occurrences of the Many
Formation (namely, the Dorog Basin, the Pilis highland and the Buda Hills, the Pest Plain, the left bank of the Danube at the
Danube Bend, and the Cserhat Hills). Its thickness varies between 200 and 500m. In the eastern foreland of the Gerecse and
in the Dorog Basin it can be distinguished from the Many Formation only by its faunal record (NAGYMAROSY, GYALOG 2012).

The Szécsény Schlier (Figure 8, OlMc) is made up of grey, greenish grey, fine sandy, micaceous clayey siltstone, siltstone
and clay marl. In this formation there are fine sandstone intercalations (”Chattian Schlier”). Furthermore, this deep
sublittoral-shallow, bathyal open marine formation was formed in sea water of normal salinity. It continuously develops
from the Kiscell Clay and at the margin of the Borsod Basin it is underlain by the Bretka Formation. West of the Galgavolgy
it interfingers with the Torokbalint Sandstone. It is overlain by the Pétervasara Sandstone (with which it interfingers)and
the Zagyvapalfalva Formation. It occurs from the Cserhat up to the Western Borsod Basin. The thickness of the formation
is 200-700m and its age is Egerian—Eggenburgian (HAMOR 1985, HAMOR, NAGYMAROSY in GYALOG 1996, HAMOR,
NAGYMAROSY in CSASZAR 1997, GYALOG ed. 2005, NAGYMAROSY, HAMOR 2012).

The Eger Formation (Figure 8, OIMd) was deposited in a normal sea water—deep sublittoral environment. It is made up
of mollusc-bearing silty clay marl with glauconitic, tuffitic sandstone intercalations, pebbly turbidite beds and locally, with
lepidocyclina-bearing limestone bed. In its upper section, the formation consists of a regressive succession made up of
alternating sandy siltstone—sand—sandstone, which developed in a brackish water—shallow lagoon, and developed
continuously from the Kiscell Clay. Its upper contact is erosional. Its thickness usually does not exceed 200m; the maximum
thickness is 400m. It occurs around the Biikk Mountains (GYALOG ed. 2005, NAGYMAROSY 2012).

The shallow marine Csokds Formation was formed in normal sea water (Figure 8, OlMe). It consists of large
foraminifera and red, algae-bearing, glauconitic calcareous marl and calcareous sandstone. In the latter there are also
abrasional limestone blocks of variable size (reaching a diameter of up to 1 m). In the Biikk, the formation overlies Triassic
rocks, while on the Lahéca Hill at Recsk, it occurs transgressively on the Recsk Andesite. At Recsk, it passes upwards into
the upper part of the Kiscell Clay. In the Rudabanya Mountains it is known from boreholes and can also be found in smaller
tectonic patches. Where it extends beyond the state border it is known as the Budikovany Limestone Formation. The
thickness of the formation reaches a maximum 30m. Its age is Late Kiscellian — Early Egerian (LESS in GYALOG ed. 1996,
LEss in CSASzAR ed. 1997, GYALOG ed. 2005, LEss 2012).

MIOCENE
LOWER MIOCENE

Shallow-marine sandstone; sandstone with pebbles, silt (Pétervasara Sandstone,
Zagyvapalfalva Fm — 31M)

The Pétervdsdra Sandstone Formation is made up of grey, greenish grey or yellowish brown glauconitic, biotitic cross-
bedded or bedded sandstone of variable grain size (GYALOG ed. 2005), and pebbly sandstone (”’glauconitic sandstone”). In
the upper horizon there are weathered tuff and bentonite grains. The formation was deposited in sea water of normal salt
content. It is usually poor in fossils but well-preserved examples can occasionally be found. It occurs on the area of the
Palacogene Basin of the North Hungarian Region. It crops out at the northern foot of the Matra and on the hilly lands north
of the mountains, between Ipolytarnéc and Ozd. Northwards, it can be followed up to Fiilek. Its thickness varies between
150 and 550m (BALDI 1983, HAMOR 1985). According to nannoplankton (NP25, NN1, NN2/3 zones) its age is Late
Oligocene — Early Miocene (NAGYMAROSY, BALDI-BEKE 1988).

The Becske Formation* is a cycle-terminating formation in the North Hungarian Mountains; it is made up of brackish
and marshy-fluvial facies comprising marine interbeddings. Upwards, it is consists of pelitic sandstone, siltstone with
lignite, and fluvial gravel and sand. Its age is Late Oligocene—Early Miocene.

The dominantly terrestrial, fluvial (floodplain, streamline (and, rarely, delta-type) Zagyvapdlfalva Formation is made
up of variegated clay, sand and gravel. It is usually well-bedded, bedded, and thick-bedded. The formation has examples of
the preserved footprints and bones of certain mammals (ancient rhino, Proboscideans, birds etc.) in the famous Ipolytarnéc
beds. In the delta facies succession there are brackish-water molluscs and driftwoods. The formation overlies (mostly with
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a hiatus) the Budafok Sand Formations or older formations (Pétervdsara Sandstone, Becske Formation*, Szécsény Schlier).
Its upper boundary is indicated by the appearance of Gyulakeszi Rhyolite Tuff. It occurs in the North Hungarian Mountains.
Its exposures can be followed from the eastern, north-eastern foreland of the Bérzsony up to the Borsod Basin. The thickness
of the formation varies between 30 and 60m. It was probably formed in the younger section of the Eggenburgian, possibly
in the Ottnangian (HAMOR 1985, HAMOR in GYALOG ed. 1996, HAMOR in CSASZAR ed. 1997, GYALOG ed. 2005).

Fluvial-paludal, shallow-marine clay, silt, sand-sandstone, gravel-conglomerate (Szaszvar, Budafok,
Felsonyarad Fm — 30M)

The lower part of the Szdszvdr Formation occurs in South Hungary and is made up of a fluvial-floodplain succession
comprising cyclically alternating, variegated (greenish grey, reddish brown, lilac) siltstone, sand, sandstone, gravel and
conglomerate (a so-called “terrestrial formation”). This passes upwards into a fluvial-marshy, dominantly grey, greenish
grey clay—sand—sandstone succession; in the latter there are also carbonaceous clay and earthy—woody brown coal
intercalations (the so-called “limnic formation”). Frequently, one can also encounter molluscs (Unio, Brotia, Theodoxus)
and fossils of Sirenia. The upper part of the limnic succession is characterised by yellow, pebbly sand. In the Szdszvar Fm
there are rhyolite tuff intercalations (namely, the Gyulakeszi Rhyolite Tuff). In the area of the Zala and the Drdva Basins it
is known form boreholes. The thickness ranges between 500 and 700m with the maximum thickness being around 1000m.
According to the investigations of NAGY L.-né (1969), the age of the formation is Eggenburgian—Ottnangian (HAMOR 1970,
HAMOR in GYALOG 1996, HAMOR in CSASZAR 1997, GYALOG ed. 2005).

The Budafok Fm is dominantly made up of coarse-grained yellow and grey sandstone, accompanied by pebbly—clayey
intercalations. Its facies is a shallow marine, estuary, intertidal plain. It is quite rich in fossils ("large Pecten beds”). It can
be observed with decreasing thickness on the right bank of the Danube from Budafok to Erd, and from there, up to
Torokbdlint. It is also known to occur in the Visegrdd Mountains (primarily on their eastern margin, in the area of
Dunabogdany—Tahi—Lednyfalu) and in the Cserhat Hills. Its thickness is 80—150m and its age is Eggenburgian (BALDI 1958,
1983, KorPrAs 1981, HAMOR 1985, GYALOG ed. 2005).

The Felsénydrdd Fm is primarily composed of sandy—pelitic structures, in which there also occur brown coal seams and
rhyolite tuff intercalations. It unconformably and transgressively overlies the basement. Its basal formations are composed
of the weathered debris of the basement, followed by freshwater pebbly—sandy clay, variegated clay and brown coal;
furthermore, in the upper section of the formation, siltstone and sandy siltstone are present; these were formed in brackish
water and later, in a shallow sea. In the area of the Darné Zone the formation has a local occurrence. Its thickness is
100-200m and its age, according to the brackish water and marine fauna record, is Egerian-Eggenburgian (RAap0cz 1978,
HAMOR in GYALOG ed. 1996, HAMOR in CsAsZAR ed. 1997, GYALOG ed. 2005, RADOCZ pers.comm.).

Rhyolite-rhyodacite ignimbrite (Gyulakeszi Rhyolite Tuff — 29M)

The formation known as the “lower rhyolite tuff” is made up of greyish white, white, biotitic, pumiceous rhyolite—
rhyodacite welded ignimbrite; the bulk of this was consolidated on dry land, while the same took place with a smaller
portion in a wet medium. The formation is usually thick-bedded and poorly layered. It frequently contains carbonized plant
fragments (leaf, branch and trunk) which are present in large quantities around Ipolytarndc. The lower boundary of the
formation is represented by volcanic rocks which make up the bottom of the ignimbrite succession. The upper boundary is
marked by the first sediment bed. The rocks of the formation may have been deposited in the crevice systems of the structural
zones, with a hiatus on Palaecozoic—Mesozoic and Paleogene formations and with an apparent concordance into Lower
Miocene terrestrial formations. The formation occurs on the surface in the North Hungarian Mountains: namely, in the
Salgétarjan Basin, in the northern foreland of the Métra, in the Biikkalja and in the southern foreland of the Biikk. There is
also a superficial occurrence in the northern foreland of the Mecsek, where its volcanosediment facies is also known; it was
deposited here during fluvial sedimentation (Kisbattyan). It has also been discovered in several boreholes throughout the
country and its thickness varies between 30—400m. The radiometric— palaeomagnetic age of the formation was previously
considered to be 18.5-21 million years, marking the Ottnangian Stage. However, the rhyolite tuff stripes of the underlying
sediments belong to the Eggenburgian Stage (HAMOR 1998, GYALOG ed. 2005). According to more recent radiometric age
measurements (PALFyY et al. 2007), the deposition of the Gyulakeszi Rhyolite Tuff occurred later, only 17 million years ago
(Karpatian Stage).

Coastal sand-sandstone, gravel, breccia, limestone (Bretka, Bantapuszta Fm — 28M)

The Bretka Fm is made up of yellowish—greyish white, thick-bedded, coarse and medium-grained, (locally) fine
crystalline limestone—conglo breccia (microbreccia and microconglomerate);it is cemented by calcareous material.
Locally, in the rock there are fossils and biogene clasts in rock-forming quantities (molluscs, foraminifera). The facies of the
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formation is normal marine littoral, shallow sublittoral. It was formed in a well-oxygenated sea (NAGYMAROSY in GYALOG
ed.1996, NAGYMAROSY in CSASZAR ed. 1997, GYALOG ed. 2005, SZENTPETERY, BALDI pers.comm..) On the surface it occurs
in the north of Hungary: in the southern side of the Aggtelek Karst and in the Rudabdnya Mountains. The thickness of the
formation varies between 2 and 30m and based on its fossil record its age is Late Egerian.

The Bdntapuszta Fm is composed of calcareous, sandy and coarse-grained rock, as well as corallinaceae-bearing
limestone and sporadically, pebbly sandstone. The formation is rich in mollusc, foraminifera and bryozoan fauna. It also
contains a characteristic nannoplankton assemblage and tuff intercalations. Its facies is littoral (KOkAY 1972, 1973; KOKAY
pers.comm., Kékay in GYALOG ed. 1996, KOKAY in CSAszAR ed. 1997), its occurrence is restricted to the area of the deep line
of the Vérpalota Neogene basin. It crops out at Bantapuszta. In the area of Varpalota—Inota its clayey-sandy facies is also
known to occur; however, it is not known for certain whether it is present around Budapest. The average thickness of the
formation is 20-60m and its age is Ottnangian.

Brackish water—paludal brown coal, sand-sandstone (Salgétarjan, Brennberg Brown Coal — 27M)

The Salgétarjdn Brown Coal is a Lower Miocene formation known to occur in the area of the North Hungarian
Mountains. It contains 3—5 brown coal seams which are economically viable. In the Salgétarjan Basin, the facies of its basal
formation is, locally, a fluvial-delta and plain—marshy facies, with a gravel-coarse sand—variegated clay succession; in this
succession the brown coal seam-bearing section has a limnic facies and only the uppermost seam is paralic. The seam-
bearing beds are overlain by carbonaceous clay and siltstone, andfish scales and trace fossils can be found. The formation
has a mostly paralic facies in the West and East Borsod Basins, and also in the Cserehét Hills. The coal seams can be
followed from the Cserehdt (Alsdvaddsz) up to the Borsod Basin bordering the Biikk Mountains in the north and in the west,
and also up to the northern part of the Métra and the southern part of the N6grad Basin. From here its goes northwards, turns
north-west at Salgétarjan, and at Nogradszakal extends further towards the Kékkd Basin in Slovakia. The thickness of the
coaly formation varies between 30 and 70m and in the Borsod Basin it even attains 300m. At its western occurrence, in the
Salgdétarjan Basin and partly, in the West Borsod Basin, its formation is restricted exclusively to the Ottnangian. In the
eastern region, however, it was formed both in the Ottnangian and in the Karpatian (HAMOR 1985, HAMOR in GYALOG ed.
1996, HAMOR in CSASZAR ed. 1997, GYALOG, BuDAI eds 2004, RADOCZ, HAMOR pers.comm..).

The Brennberg Brown Coal comprises a travertine—marshy succession which overlies the metamorphic rocks of the
Sopron Mountains (1Pz, 2Pz). In it, between the overlying and underlying coal-striped sandy formations, there is a 4—16 m-
thick autochtonous brown coal seam. It occurs west of Sopron, at Brennbergbdnya and near to the state border. The thickness
of the formation is 23-27m. The most probable age is Ottnangian (HAMOR in GYALOG ed. 1996, HAMOR in CSASZAR ed.
1997, KisHAZI1, IVvANCSICS 1975, IVANCSICS pers.comm.).

Fluvial-coastal gravel-conglomerate, sand (Szuhogy, Darné Conglomerate, Ligeterdé Gravel — 26M)

The Szuhogy Fm is made up of red, reddish brown, coarse-grained conglomerate, cemented with limonitic—calcareous
clay and marl. Both the lower and the upper boundary are unconformable horizons. The clasts of the cyclic fan are diverse
in size and roundness, and are mainly composed of metamorphic limestone variants; the bulk of the latter are similar to the
Palaeozoic limestones of the Uppony and the Szendr Mountains. The proportion of sandstone, siltstone and slate pebbles
is low, while the quantity of the unaltered limestone pebbles is insignificant. The formation is underlain by Abod Limestone,
or the black claystone (accompanied by limestone lenses) which underlies the Abod Limestone. The formation is overlain
by the Lower Pannonian Edelény Fm, as well as its tuffaceous basal formation and, possibly, the Szécsény Schlier, which
can be identified by the glauconite content observable on the base of the overlying sediments. Partly washed-in flora and
fauna fragments can be seenin the cement material that lived from the end of the Oligocene. On the surface, the formation
is present at the south-eastern boundary of the Rudabanya Mountains, lying north-east of the Szénvolgy-tets (Szénvolgy
High) in a 4.5 km-long, maximum 1 km-wide band. The maximum thickness of the formation is 150m. According to the
fossil content its formation probably occurred in the Early Miocene (GYALOG ed. 2005).

The Darno Conglomerate is made up of coarse-pebbled conglomerate at the base, fine-pebbled coarse sandstone in the
middle section, and coarse-pebbled sand in the upper section. The bulk of the pebbles of the transgressive basal formation
are composed of dolomite, radiolarite, basalt, nummulitic limestone and quartzite. It occurs west of Eger, on and around the
Darné Hill. Its thickness exceeds S0m on the Kis Hill of Darné. In the middle part of the succession there is a ditrupa-
bryozoan fossil assemblage in the calcareous sandstone bands; in the coarse-pebbled sand of the upper section there are
ostrea beds and Balanus concavus remnants. According to the fossil record, the age of the formation is Eggenburgian
(GYALOG, Bubpal ed. 2004).

The Ligeterdd Gravel is a poorly-sorted sand and gravel formation ("Auwaldschotter”), found in the surroundings of the
Sopron Mountains. Pebbles and conglomerate from the crystalline basements can be observed in the lower section, above
which there is conglomerate composed of carbonatic and metamorphic pebbles. The succession is overlain by a well-
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bedded sand and marl series. The latter was formed in freshwater and brackish water and it contains a few badly preserved
molluscs (Congeria, Unio, Neritina, Melanopsis, Helix sp.); in several places there are some thin, carboniferous
intercalations. At the topmost part of the succession there is coarse-grained gravel and conglomerate. The formation
overlies the Brennberg Fm, which overreaches theextent of the former significantly. Over a large area the formation is
underlain by a crystalline basement. Its stratigraphical overlying formation is the transgressive Baden Clay. Ligeterdd
Gravel also appears on the surface, around the Sopron Mountains. It has also been exposed by many deep boreholes on the
Little Plain. Its thickness exceeds 600m and its age is Ottnangian—Karpatian (GYALOG ed. 2005). On the basis of
explorations in Austria the formation of the Ligeterdd Gravel possibly extends to the Early Badenian (PASCHER 1991).

Shoreline sand-sandstone, gravel-conglomerate
(Egyhazasgerge, Fot, Budafa Fm — 25M)

The shoreline—coastal plain Egyhdzasgerge Fm is made up of cross-bedded, chlamys-bearing sand, sandstone, and
gravel (which frequently starts with basal conglomerate).In the West Borsod Basin, at the base of the formation shoreline,
a several tens of metres-thick, upward-fining transgressive gravel succession is deposited; this succession contains local
limestone and dolomite pebbles, and poor marine fauna. The formation overlies the Salgétarjan Brown Coal Fm; the basal
beds have a brackish water, estuary facies and contain Congeria and Oncophora (Rzehakia) fossils. The formation passes
into a Corbula—Arca-bearing succession (as the Chlamys fossils disappear), and progresses northwards into the West
Borsod Basin. This succession interfingers with the Salgétarjdn Fm in the East Borsod Basin. The main formation is
overlain by the Gardb Schlier or the regressive Fét Fm. In the direction of the basin it interfingers with the Gardb Schlier and
crops out in the North Hungarian Mountains (B6rzsony, Cserhdt, and Borsod Basins). The thickness of the formation varies
between 30 and 100m and its age is Karpatian (HAMOR 1985, GYALOG, BuDAl1 ed. 2004, GYALOG ed. 2005).

The Fot Fm includes a shallow marine, shoreline—coastal, “bryozoan—balanus-bearing” calcareous—coarse-grained
succession; in its upper section this succession is characterised by volcanic intercalations. These sediments were deposited
in filling-up basins at the end of the Early Miocene. The typical facies is greenish grey, frequently with glauconitic
bryozoan—balanus-bearing calcarenite, calcareous pebbly sandstone, sandy limestone, end-cycle-sand (with calcareous
concretion), and clay (with gypsum) intercalations. Off-white limestone—calcareous sandstone, sandy small-pebbly
limestone, yellowish white sandstone, and small-pebbled calc-cemented sandstone variants are also common. Towards
what was oncean open sea, the formation is stratigraphically underlain by the heteropic Gardb Schlier Fm, the Bantapuszta
Fm, and the Egyhdzasgerge Fm in North-east Hungary. Their transition is continuous. In the Transdanubian Region, in the
direction of the dry land, the formation passes into the Perbadl Fm. Its upper boundary is marked by the appearance of
volcanic rocks (Tar Dacite Tuff, Hasznos Andesite) and it crops out in the western part of the North Hungarian Mountains
The most beautiful exposures are located in the area of Fot—Csomdd, Piispokhatvan—Acsa, and Galgaguta. There are smaller
outcrops in the northern foreland of the Mdtra and also in the Mecsek. In the Transdanubian Region it occurs in the
surroundings of Bantapuszta and Alcsitdoboz. The thickness of the formation varies between 30 and 70m and its age is
Karpatian (HAMOR 1985, HAMOR in GYALOG ed. 1996).

The Perbdl Fm* is a Karpatian—Badenian terrestrial succession found in the north-eastern part of the Transdanubian
Region.

The Budafa Fm comprises two formation associations — (i) a shoreline—abrasion coastal, coastal plain, locally delta,
yellowish grey, yellow sand, sandstone, gravel and conglomerate succession, which interfingers with (ii) a fish scale-
bearing lagoonal clay marl, siltstone, fine-grained sand succession. However, there is also a limnic coastal facies,
dominantly made up of limestone, subordinately sand—sandstone (which, locally, contains massive volumes of Congeria).
It crops out in the Mecsek. Its thickness varies between 600 and 700m and its age is Karpatian (HAMOR 1970, HAMOR in
GYALOG ed. 1996, GYALOG ed. 2005).

Andesite (lava, subvolcanic), -pyroclastics, tuffite (Hasznos, Mecsek Andesite — 24M)

The Hasznos Andesite, known from the North Hungarian Mountains (”lower andesite”), is dominantly made up of
submarine, partly subvolcanic pyroxene andesite agglomerate, tuff and tuffite, and subordinately lava rocks. On the surface,
larger patches are found in the northern part of the Matra. Its thickness ranges between 80 and 200m and its age is Karpatian
(HAMOR 1985, GYALOG ed. 2005).

The Mecsek Andesite comprises grey (in weathered form: greenish grey or reddish grey), dominantly amphibole
andesite (in the upper part: pyroxene amphibole andesite) lava rocks, subvolcanic bodies and dykes (without pyroclastics).
This formation is usually foundoverlying Mesozoic formations (locally, the Sz4dszvar Fm), and is itself overlain by the
Gyulakeszi Rhyolite Tuff or Karpatian basal beds (deposited with erosional unconformity). On the surface, it is known from
the Komld6 area ("Koml6 andesite”). Its thickness is around 300m and its formation occurred 20-21 million years ago, in the
Eggenburgian—Ottnangian (HAMOR 1970, 1998; GYALOG ed. 2005).
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LOWER-MIDDLE MIOCENE

Open-marine sand, siltstone, clay, clay marl (Garab, Tekeres Schlier — 23M)

The North Hungarian Gardb Schlier ("Helvetian Schlier”) is a grey, cyclically alternating, bioturbed sand, micaceous fine
sand, siltstone, clay, clay marl series, with current and washout surfaces and signs of mud transport. It contains rich marine
macro- and microfauna and nannoplankton, and locally redeposited tuffite bands can be observed in it. In the eastern part of the
East Borsod Basin the formation does not contain any fossils. It develops from the cycle-starter, coastal Egyhdzasgerge Fm on
the Nograd-type area of the Gardb Schlier. At other places it is unconformably deposited on older formations, and even
overreaches their extent. Its stratigraphic overlying formation is the F6t Fm, although volcanic rocks can frequently be found
deposited on it. It crops out in the Borzsony and the Cserhdt, in the Salgétarjan Basin, in the East Borsod Basin and along the
eastern margin of the Cserehat (Herndd Graben). Its average thickness ranges between 200 and 300m, with its maximum
thickness being around 800m. The age of the formation is Karpatian (HAMOR 1985, GYALOG, BupAl ed. 2004).

The Transdanubian Tekeres Schlier is composed of a near-shore, open marine, yellowish grey, grey fine sandy siltstone,
sandy clay and clay marl series; this seriesis rich in marine molluscs, foraminifera and nannoplankton. In the South
Transdanubian region it can usually be found continuously overlying different members of the Budafa Sandstone Fm. At
other places it is unconformably deposited on older Miocene rocks or the basement. It is often overlain by the shallow
marine Lajta Limestone, with which it laterally interfingers. On the area of the deep basins, younger Miocene siliciclastic
formations can be found deposited on it (for example, Szildgy Clay Marl), and itis also presentin most parts of the
Transdanubian region; furthermore, it crops out in the Mecsek area. Its thickness ranges between 200 and 400m, with its
maximum thickness exceeding 500m. The age of the formation is Karpatian — Early Badenian, and this is indicated by
Badenian fauna and tuff intercalations (HAMOR 1970, 1998; HAMOR in GYALOG ed. 1996; HAMOR in CSASZAR ed. 1997).

Dacite tuff, rhyolite tuff, rhyolite (Tar Dacite Tuff, Gyongyossolymos Rhyolite — 22M)

The Tar Dacite Tuff (’middle rhyolite tuff”’) comprises greyish white, light grey, biotitic, pumiceous dacite tuff; this was
deposited from the volcanic ash cloud which emerged along rejenuvated fault lines. In the Négrad Basin it is deposited on Lower
Miocene marine formations and in the Biikkalja, on the Gyulakeszi Rhyolite Tuff. In the Biikkalja region fiamme-type rocks and
welded ignimbrites are also known. The formation also crops out in the North Hungarian Mountains and around Fét. Its average
thickness is around 30m, but in the boreholes of the Nyirség it may attain several hundreds of metres. The age of the formation
is Karpatian —Early Badenian (GYALOG, BuDAI eds 2004; GYALOG ed. 2005; HAMOR 1985, 1998; JAMBOR pers. comm.).

The Gyongyossolymos Rhyolite is made up of lilac—pink, medium-grained, bedded, thick-bedded volcanic rocks and,
dominantly, lava rocks; in the latter, subordinately, there are also perlite (Gyongyossolymos) and spherulitic (Mulaté Hill,
Lérinci) sections. The formation overlies the Nagyhdrsas Andesite with initial tuff. It seems probable that the rhyolite tuff
between the lower and middle bed group of the Szurdokpiispok Fm also belongs here. The rhyolite and dacite occurrences
of the Matra can be assigned here as well. The latter are deposited on the middle stratovolcano series and they are older than
the “overlying andesite” (Kékes Andesite). The formation crops out in the Matra and its maximum thickness is 50m. The
age of the formation is Badenian (GYALOG, Bupal eds 2004).

MIDDLE MIOCENE

Pyroxene andesite, -pyroclastics; rhyolite and dacite tuff; garnet-bearing amphibole andesite (Nagyharsas,
Karancs, Csakanyké Andesite — 21M)

The Nagyhdrsas Andesite makes up the bulk of the Mdtra. It is composed of alternating pyroxene andesite lava,
agglomerate and tuff ("Maétra middle andesite”), in which, subordinately, there are also acidic (rhyolite, dacite) pyroclastic
intercalations. The lava rocks are generally grey, red or green; the colour of the pyroclastics is white, red or green. In addition
to the Matra, the formation occurs in the east of the Cserhdt Hills as well. At Gyongydsoroszi, hydrothermal mineralisation
is related to it. The thickness of the formation generally ranges between 500 and 1000m but, locally, it may exceed 2000m.
It was formed during the Early Badenian and its K-Ar age is 14.5-16.3 Ma. Its younger radiometric age is possibly due to
secondary alteration (GYALOG, BUDAI eds 2004, ZELENKA 2010).

Karancs Andesite is made up of light grey—bluish grey subvolcanic andesite and dacite. A laccolith penetrated into
Oligocene — Lower Miocene clayey-sandy sediments. One may find superficial occurrences in the Karancs—Medves region.
According to radiometric age measurements (13.5+1 and 14.9+1.6 Ma), it was possibly formed during the Badenian
(GYALOG, BubDAI eds 2004).

Csdkdnykd Andesite ("carbonatic pyroxene andesite””) comprises light grey, coarse-grained, carbonatisated pyroxene
andesite. With regard to its formation, it is partly intrusive and partly extrusive. No pyroclastic rock types are known to
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present. Its relation with the surrounding sedimentary rocks along contact zones can be observed in several exposures. In
the north-eastern part of the Matra individual rock bodies can be distinguished, and these are characterised by high
carbonate content and pyrrhotine veins. The thickness of the extrusive bodies is less than 200m. The radiometric K-Ar age
of the formation is 16.4+1.4 Ma; given this measurement, its formation possibly occurred during the Badenian (GYALOG,
Bubal eds 2004, ZELENKA in BARAZ ed. 2010).

Shoreline—fluvial gravel, sandstone, siltstone, marl (Pusztamiske Fm, Nagyoroszi Gravel — 20M)

The Pusztamiske Fm was deposited in the shallow marine sedimentary basins of the marginal parts of the Bakony, and
along the margins of these basins. It is dominantly made up of coarse- and medium-grained, calc-cemented, grey, greenish
grey sandstone. At the base of the formation, coarse-grained abrasive gravel and conglomerate have been deposited, while
in its upper section siltstone and marl intercalations are more frequent. Intercalating tuff, tuffite and bentonitic clay layers
may also occur. It overlies pre-Badenian formations with erosional and angular unconformity, usually starting with a
coarse-grained basal bed. In the West Bakony the pebble material of the formation is of local origin or is derived from the
redeposition of the pebbles of the Csatka Fm. In the West Bakony it is either overlain by (i) the partly heteropic Lajta
Limestone (either continuously or with a level of local unconformity), or (ii) by younger Badenian, Sarmatian, Pannonian
or Quanternary beds with unconformity. In the direction of the basin it passes into the Lower Badenian beds of the Tekeres
Schlier Fm. In the Varpalota Basin the formation is underlain by the Fot or the Perbdl Fm, and overlain by several metres-
thick clay up until the Upper Badenian coal deposit. In the surroundings of Pusztamiske and Kolontdr, the coarse-grained
basal sediments become sandier and the siliciclastic sediments pass into the Lajta Limestone. In the West Bakony it has
singificant occurrences around Devecser—Nyirdd, but it also occurs in the vicinity of Csabrendek. Its abrasive, shoreline
gravel sediments appear on the surface, mostly in the Ajka—Bakonygyepes and the Kolontér areas. The coarse-grained basal
sediments become sandier upwards in the succession around the settlements of Pusztamiske and Kolontar. Here, the
siliciclastic sediments pass into the Lajta Limestone. In the West Bakony the formation is significant in the surroundings of
Devecser—Nyirad, but it occurs around Csabrendek as well. Its abrasion shoreline gravel sediments are the most extent on
the surface in the vicinity of Ajka—Bakonygyepes and Kolontar. The sandy shoreline facies of the formation was formed in
sea water of normal salt content and is rich in fossils (molluscs and bentos foraminifera assemblage). The typical exposure
of the facies is the Szabd sand pit at Varpalota (KOKAY 1987, 1988, 1998; BENCE et al. 1990, SELMECZI in GYALOG ed. 1996,
SELMECZI in CSASZAR ed. 1997, GYALOG, BuDAI eds 2004). The average thickness of the formation is 50m, with its
maximum thickness being around 200m. Its formation occurred during the Early Badenian (NNS5 zone, Lagenidaes—
Orbulina foraminifera assemblage).

The facies of the Nagyoroszi Gravel is an alluvial fan-type and coastal estuary reef-type. The formation is made up of a
gravel-conglomerate succession, embedded into bedded—lamellar, flatly cross-bedded quartz sand. Dominantly, the the
pebbles originated from metamorphic rocks, but significant amount of carbonates and silica rocks (radiolarite, chert) are
present and, subordinately, there are also granite and palaeovolcanic rocks. The small and medium-grained sand—sandstone
is well-bedded, andthe material of the grains is quartz. It is frequently micaceous, withcharacteristic balanus and bryozoan
horizons. In the upper part of the succession there appear the volcanic rocks of the Nagyvolgy Dacite Tuff which, upwards,
suddenly becomes dominant in the succession. The formation crops out on the eastern margin of the Borzsony, but in
isolated patches itis also present inside the mountains. The formation underlies the Badenian volcanic structure and overlies
the Karpatian Egyhdzasgerge Fm. Its thickness can attain 200m and itsage is Karpatian—-Badenian (GYALOG, BUDATI eds
2004).

Shallow-marine, biogenic limestone; conglomerate (Lajta Limestone — 19M)

This lithologically diverse formation is made up of shallow marine limestone, calcareous alga-bearing limestone
(formed in sea water of normal salt content), calcareous mollusc-bearing and bryozoan sandstone, and calcarenite; locally,
it is accompanied by marl intercalations. The formation is frequently deposited on Miocene or older rocks and, locally, on
volcanic formations as well. In the latter case, conglomerate and gravel occurs at its base. In other cases (for example, in the
case of deep-marine Badenian siliciclastic underlying formations) its deposition is concordant. The formation is overlain by
younger formations (either continuously or with a hiatus). On the surface, it occurs on the low-lying parts of mountains
rising from the basins. It crops out (a) onthe Fertérdkos—Ruszt Hills (b) in the West Bakony (c) in the Tapolca Basin (d) in
and around Budapest [Tétény Plateau, Torokbalint, Erd, Didsd and Biatorbdgy areas] (e) along the northern margin of the
Visegrad Mountains (f) in the southern part and along the western margin of the Bérzsony (g) in the Cserhét and along the
western margin of the Métra, and (h) in the Mecsek. At the margins of the mountains its thickness is several tens of metres,
with its maximum thickness being around 100m. The age of the formation is Badenian. According to biostratigraphic
examinations and radiometric data it was formed in the Early Badenian ("Lower Lajta Limestone”) in the West Bakony, in
the Tapolca Basin, in the Visegrad Mountains, in the Borzsony and in the Matra; it was formedin the Late Badenian ("Upper
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Lajta Limestone”) in Balatonakali, around Budapest and at Bujdk. The Lajta Limestone includes the Pécsszabolcs, the
Sédmsonhdza, the Abony, the Rdkos and the Ebes Formations; earlier, these were considered to be separate lithostratigraphic
units (BENCE et al. 1990; HAMOR 1970, 1998; HAMOR in GYALOG ed. 1996, CsASZAR ed. 1997).

Brackish-water brown coal, mollusc-bearing marl (Hidas Brown Coal — 18M)

The Hidas Brown Coal comprises clayey, xylithic brown coal seam-bearing rocks (lignite, clayey lignite, huminitic clay)
which are situated between the underlying and overlying marine formations. The facies is oscillatory, paralic-brackish water
(HAMoOR 1970). In the Mecsek type-area, the barren beds between the coal deposits are made up of grey, sandy, mollusc-
bearing clay marl, Cerithium-bearing clay, claymarl, Hydrobia-bearing marl, micro-bedded silty clay marl (that
sporadically contains fish scales), and coaly clay. Locally, one can also encounter diatomaceous clay marl in the formation,
alongside tuff and tuffite bands and lenses. In the Mecsek, the formation in the marginal facies is underlain by the Lajta Fm,
while in the basinal facies it is underlain by the Baden Fm and the Tekeres Schlier. The deposition is concordant. The upper
boundary of the formation is marked by a definite rock material change, as well as the presence of formations of marine
origin; the latter are of normal salt content, and are rich in macro- and microfauna. In the basin facies the Hidas Brown Coal
is conformably overlain by Szildgy Clay Marl, while in the marginal position it is overlain by Lajta Limestone. It crops out
in the Pécsbanya Basin and in the Miocene range of the south-eastern foreland of the Mecsek. The thickness of the formation
may attain 100—150m. The average thickness of the coal seams is 4-5m. The Mecsek facies was formed during the Middle
Badenian (HAMOR 1970, 1998; HAMOR in GYALOG ed. 1996; HAMOR in CSASZAR ed. 1997). In the surroundings of the
Bakony, in the Varpalota Basin and around Berhida the formation of the coal occurred in the Late Badenian. Here, the coal-
bearing succession is deposited on older Badenian terrestrial succession. A Congeria—Bulimus-bearing bed is deposited
directly on the coal beds, and is covered by alginitic clay marl of freshwater origin. In the succession rhyodacite tuff and
tuffite intercalations can be found. The formation is unconformably overlain by the Gyulafirdt6t Fm. In the surroundings of
Herend—Szentgél the substratum of the formation is composed of Early-Middle Miocene terrestrial rocks, while the
overlying formation is made up of younger Badenian sediments; these sediments were formed in sea water of normal
salinity. The coal seams were formed in the Early Badenian. The coal-bearing formation found in the surroundings of
Pusztamiske is deposited on the Lajta Limestone and also on the Pusztamiske Fm, with erosional unconformity. The
formation is continuously overlain by Sarmatian sediments (Kozard Fm). The age of the coal-bearing formation is Late
Badenian (BENCE et al. 1990).

Open-marine clay, clay marl (Szilagy Clay Marl, Baden Fm — 17M)

The Szildgy Clay Marlis made up of thickly or thinly layered grey, greenish grey, mollusc- and foraminifera-bearing clay
marl, silty clay, and fine sandy marl (" Turritella—Corbula-bearing clay marl”). In the East Mecsek, the upper part of the
formation is characterised by lamellar diatomaceous marl and diatomaceous earth intercalations. Due to the fine-grained
siliciclastic lithology, on a macrosopic scale it can hardly be distinguished from the Baden Fm. Its facies is near-shore open
marine; the upper part of the succession was deposited in a shallow, undisturbed lagoonal environment, partly surrounded
by Lajta Limestone reefs (HAMOR 1970, HAMOR in GYALOG ed. 1996, HAMOR in CSAszZAR ed. 1997, HAMOR 1998, HAMOR
pers.comm.). On the Mecsek type- area it is continously deposited on the Hidas Fm; in most cases it is overlain by the
lithologically similar Kozard Fm; it can be distinguished from the latter on the basis of the characteristic Sarmatian brackish
water fauna (HAMOR 1970). The Szildgy Clay Marl may interfinger with the Lajta Limestone near to the marginal zones. The
occurrence of the formation is general in the Late Badenian sedimentary basins. On the Mecsek type-region it is known to
crop out in the area of the Bodolyabér syncline and in the southern foreland of the mountains. It also occurs in the Borzsony
(western foreland, the Szokolya Basin, and Magyarkiit) and in smaller isolated patches in the Cserhat Hills and in the Tokaj
Mountains. The Corbula—Pereira-bearing rocks which crop out in in the surroundings of Herend were at one time sorted into
this formation (BENCE et al. 1990, GYALOG, BuDAI eds 2004); however, more recent investigations relate them with the
Baden Fm (NAGYMAROSY, KOKAY pers. comm.). The average thickness of the formation is 50—-150m, but in the area of the
deep basins it may attain several hundreds of metres. According to biostratigraphic investigations its formation occurred in
the younger section of the Badenian (BOHN-HAVAS et al. 1990, HAMOR 1998).

The Baden Fm is dominantly made up of open marine, basinal, grey and greenish grey clay and clay marl, with rich
mollusc and foraminifera fauna (HAMOR in GYALOG ed. 1996, HAMOR in CSASZAR ed. 1997). Rocks in the area of Hungary
belonging to this formation are usually fine-sandy and schlier-type, thus differing from the typical Austrian facies (Baden-
Sooss, ROGL et al. 2008). In the Zala—Drava Basin the Baden Fm is deposited on the Budafa Fm, while in the surroundings
of Budapest, it lies on the Perbdl Fm. Around Sopron it gradually develops from the Ligeterdé Fm; in the boreholes of the
Little Plain it transgrades over the basement with basal conglomerate. In heteropic facies it interfingers with the Lajta
Limestone. The formation is overlain by regressive Badenian formations (Lajta Limestone, Pusztamiske Formations) and
Badenian volcanic rocks (North Hungarian Mountains), and it crops out in the surroundings of the inselbergs. In the Sopron
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Mountains it is known on the surface in several connected patches. The “tuffaceous white marl” facies of the Baden Fm has
been recognisedin the Borsod Basin and, (more recently) is considered to be a separate formation (Borsodbdta Fm, GYALOG,
Bubar eds 2004). The formations cropping out in the surroundings of the Boérzsony and belonging to the Szildgy Clay Marl
are regarded as rocks of the Baden Fm) (according to NAGYMAROSY, KOKAY pers.comm.). The thickness of the formation is
50-200m in the mountainous areas, while in deeper basins it may exceed S00m. According to biostratigraphic data, the
typical Baden Clay was formed during the Early Badenian (M5 and M6 planktonic foraminifera zones; Lagenidae benthic
foraminifera zones; and NNS5 nannoplankton zones; ROGL 1998, NAGYMAROSY 1985, BOHN-HAvAS et al. 1987). Its facies
around Budapest was formed during the Middle Badenian (KOKAY 1990).

The Borsodbéta Fm* is primarily made up of Early Badenian marine siltstone, tuffaceous sandy siltstone (’tuffaceous
white marl”) and sand; at the base of this formation there are terrestrial and freshwater gravel-sand—siltstone beds with
(locally) travertine lenses.

Welded rhyolite tuff; rhyolite, perlitic rhyolite (Satoraljatijhely Rhyolite Tuff — 16M)

This formation consists of acidic pyroclastic rocks (ignimbrite, zeolitic ignimbrite, lapilli—tuff, redeposited
tuff—tuffite), accompanied locally by rhyolitic lava rocks (rhyolite perlite, rhyolite intrusion, rthyolitic lava sheet). The SiO,
content of these rocks ranges between 75.3% and 77.8%. Beside the above-mentioned rock types, there also occur
rhyodacite tuffs and rhyodacite rocks, with an SiO, content of 67-70%. The formation crops out in the surroundings of
Satoraljatjhely. Its thickness is 100-300m and the age of the formation is Late Badenian (GYALOG, BUDAI eds 2004).

Dacite—pyroclastic rocks; subvolcanic dacite, andesite (Nagyvolgy, Holdvilagarok Dacite Tuff,
Vagashuta Dacite — 15M)

The Nagyvolgy Dacite Tuff occurring in the Borzsony Mountains consists of two bed groups. The transitional
sedimentary—volcanic bed group is made up of volcanic, volcanic—sedimentary and sedimentary rocks, witha closely even
ratio. Characteristic elements of the rocks are volcanic ash and crystalline tuff (which fell into the existing water
environment), pyroclastic flows (ignimbrite) and epiclastic accumulations (lahar). The grain size of the volcanoclastic
rocks ranges between several mm and several m. The composition of the lava rocks and the subvolcanic bodies is
biotite—amphibole—pyroxene dacite, and biotite—amphibole—pyroxene andesite. The clayey sediments are characterised by
a poor fossil record. The Nagyvolgy Dacite Tuff crops out in the central part of the Borzsony and at its eastern margin. Its
thickness is 250—600m and the K-Ar age is 15.2—14.8 Ma (KorpAs ed. 1998, GYALOG, BupAI eds 2004).

The material of the Holdvildgdrok Dacite Tuff of the Visegrad Mountains is initially andesite, and later dacite pyroclastic
rock (dominantly tuff), with a low amount of shallow marine sediments. It was formed during four volcanic phases. In the
Holdvilag Graben the volcanic succession is 70 m-thick, and the K-Ar age is ca. 16.5 Ma (BENDO 2001). In the central part of the
Visegrad Mountains, and at its eastern margin, subvolcanic biotitic—amphibole andesite is present; at the southern and eastern
margin (for example Csédi Hill) subvolcanic and extrusive biotite dacite bodies occur (GYALOG, BUDAI eds 2004).

Vidgdshuta Dacite is dominantly made up of subvolcanic pyroxene—amphibole dacite and amphibole dacite (known also
in lava and pyroclastic forms); the SiO, content of the latter is 63-64%. It crops out in the Tokaj Mountains, where its
thickness exceeds 220m. It is known from boreholes in the area of the Nyirség. Here, its thickness is close to 700m. The
radiometric age of the latter formation is 13 + 0.6 Ma (GYALOG, BupAI eds 2004).

Andesite, -pyroclastics, andesite dyke (Kékes, Magasborzsony, Dobogokd Andesite — 14M)

Kékes Andesite comprises dark grey, black, usually compacted pyroxene andesite. The amount of the pyroclastic rocks (tuff,
agglomerate) is subordinate; the formation consists mainly of lava rocks. In the Métra, the so-called “overlying andesite” is
mostly deposited on the eroded surface of the Nagyharsas Andesite and, locally, on rhyolite. In the north-eastern part of the Métra
it is underlain by Tar Dacite Tuff. The andesite dykes of the northern foreland of the Cserhét and the Matra also belong to the
Kékes Andesite. The formation crops out in the Matra and the Cserhdt, while in the Nyirség it is exposed by borehole drillings.
Its maximal thickness is 200m. It was once considered to be formed in the Badenian but, according to more recent radiometric
data, its formation could haveoccurred in the Sarmatian (VARGA et al. 1975, GYALOG, BuDAI eds 2004).

Magasborzsony Andesite consists of the lava rocks of the terrestrial lava flows of the palaeovolcanic cone of the High
Borzsony; the pyroclastic breccias are made upof the pyroclastic flows. Volcanic sedimentary and sedimentary rocks are
completely absent. The matrix of the volcanoclastics is scoriaceous pyroxene-amphibole andesite; the material of the
embedded clasts is pyroxene-amphibole andesite or amphibole-pyroxene andesite. The size of the clasts ranges between
several cm and several m. The thickness of the rocks of the lava flows is 10—100m and the extent of the formation is restricted
to the Borzsony. The maximum thickness of the succession is 500m and its age is (on the basis of radiometric and
palacomagnetic measurements) 14.8—14.5 Ma (BALLA 1978, GYALOG, Bubpal eds 2004).
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In Dobogokd Andesite the dominant components are coarse-grained pyroclastic rocks. However, there are no lava beds
and no volcanic—sedimentary orsedimentary rocks. The material of the pyroclastic breccias — formed by pyroclastic flows
— is mostly amphibole-pyroxene andesite. The size of the clasts in the scoriaceous andesite sand matrix can attain 1m. The
formation crops out in the Visegrdd Mountains and its maximum thickness is 500m. The age of the formation (according to
radiometric and palaeomagnetic measurements) is 14.8—14.5 Ma (GYALOG, Bupa1 eds 2004).

Shallow-marine clay—clay marl (Kozard Fm — 13M)

The succession is made up of well-bedded (bedded, thick-bedded, banded—laminitic), dominantly grey, greenish grey
[mollusc-bearing (Abra-Cardium and Hydrobia-Cerithium)] clay marl and clay. Frequently, fine sandy siltstone, calcareous
marl, sandy marl, calcareous sandstone, sandy limestone and tuffaceous clay intercalations occur. In the one time shoreline
lagoons, micro-bedded bentonitic, diatomaceous, and alginitic formations were deposited. The shallow marine, open
marine, dominantly brackish formation locally contains coal-banded clay and clayey brown coal beds It is usually rich in
fossils (primarily molluscs and foraminifera) (Abra, Ervilia, Mohrensternia, Mactra, Musculus, Cerithium etc.). In the area
of the Middle Eocene sedimentary basins, usually it conformably overlies the Badenian substratum (Szildgy Clay Marl);
furthermore, it is (rarely) unconformably deposited on formations older than Sarmatian and overreaches their extent.
Locally, it gradually develops from the Sarmatian carbonate sediments (Tinnye Fm) which it may laterally interfinger with
towards the basin margins. Depending on the palaeogeographical position, in open marine facies the formation is overlain
by an Upper Miocene (Pannonian) succession. The formation is known to occur on the surface in the North Hungarian
Mountains and in the Mecsek. In the Tokaj Mountains diatomaceous tuffite and diatomaceous earth beds have also
developed. The thickness of the formation ranges between 100 and 500m and its the age is Sarmatian. The lower boundary
is represented by characteristic Sarmatian brackish-water macro and microfauna, while the upper boundary is marked by
the appearance of the Pannonian inland-sea fauna (Limnocardium, Congeria, Melanopsis) (HAMOR 1985, HAMOR in
GYALOG ed. 1996, HAMOR in CSASzAR ed. 1997, HAMOR 1998).

Shallow-marine-brackish-water porous limestone, sand, gravel (Tinnye Fm — 12M)

This formation is made up of (i) shallow marine, near-shore, yellow, yellowish grey, greyish white, biogenic, locally ooidic
limestone, (ii) calcareous sandstone, (iii) calcareous mud, (iv) calcareous mollusc-bearing sand, and (v) sandstone (’Sarmatian
porous limestone”, “‘Cerithium-bearing limestone”). In the formation, subordinately, there are greenish brown clay and green,
calcareous clay intercalations as well. The ooidic limestone variants indicate that there was constant water movement. The cores
of the ooids are usually foraminifera. According to recent environmental analogies, a part of the formation was deposited in
hypersaline conditions (HAMOR, IVANCSICS in GYALOG ed. 1996, HAMOR, IVANCSICS in CSASZAR ed. 1997, HAMOR 1998). The
formation continously develops from the overlying Badenian formations (mostly the Lajta Limestone) or from older Sarmatian
formations. The lower boundary of the formation can be assigned to where the Sarmatian brackish water fauna assemblages
appear. Overstepping the margins, it is unconformably deposited on older (for example, in the surroundings of Many, Oligocene,
Triassic) formations. The transgressive beds of the formation which overlie pre-Cenozoic rocks contain basal gravel. The
formation is either continuously overlain by younger Sarmatian formations or by Pannonian sediments. The upper boundary of
the formation is marked by the disappearance of the Sarmatian fauna. Towards the inner part of the basin it laterally interfingers
with the Kozéard Fm, from which it can be distinguished by its higher carbonate content (=50%). It is generally present on the
margins of the Middle Miocene sedimentary basins and at the margin of the extension area of the Kozérd Fm. Significant surface
occurrences are found (i) in the Many—Zsdmbék Basin in the Transdanubian Mountains (ii) in the surroundings of Séskait,
Biatorb4gy and Torokbadlint (iii) in the area of the Tétény Plateau (iv) around Nyirdd in the Bakony (v) in the Tapolca Basin, and
(vi) in the surroundings of Zanka on the Balaton Highland. On the Pest side of the capital, it crops out in K&banya. In the Mecsek,
it occurs on the surface in the surroundings of Pécsvarad and Pécs. In the Sopron Mountains the formation has three facies: calc-
cemented abrasive basal conglomerate, shoreline limestone and calcareous sand, anddelta gravel, conglomerate and limestone.
The thickness of the formation ranges between 20 and 170m. Due to its characteristic macrofauna assemblage (Irus, Ervilia,
Cardium, Mohrensternia, Rissoa, Hydrobia etc.) it is barely distinguishable from the Kozard Fm (which was formed in deeper
water). The age of the formation is Sarmatian.

Terrestrial-fluvial-shallow marine clay, silt, sand, gravel (Sajovolgy, Gyulafiratét Fm — 11M)

The Sajovolgy Fm which occurs in the North Hungarian Mountains is dominantly made up of (i) alternating proluvial
terrigenous debris and fluvial (floodplain, streamline), fluvial-delta, rocks of lacustrine-marshy facies (ii)lacustrine
sediments (iii) volcanomict gravel (iv) sand (v) clayey siltstone (vi) diatomite and (vii) limnoopalite. In certain places
freshwater mollusc-bearing beds occur as well. Locally in the succession tuff horizons also appear; these are identical with
the Badenian—Sarmatian, Sarmatian as well as Early Pannonian rhyolite tuffs. In the Borsod Basin, Sarmatian andesite
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volcanism divides the formation into two. The terrestrial formations are deposited on older Miocene rocks or on the direct
Badenian stratigraphical substratum (with erosional unconformity). They are overlain by Lower Pannonian formations that
gradually pass upward into the Edelény Variegated Clay. In the East Borsod Basin, in the middle and upper section of the
formation, there are lignite seams. Larger occurrences existing the Nograd and in the Borsod Basins, as well as in the area
of the Biikkalja and the Cserehét. The thickness of the formation ranges between 20 and 150m; with itsmaximum thickness
being 300m (Nyékladhdza). According to the tuff horizons of the succession, its formation lasted from the Badenian until
the Early Pannonian (HAMOR 1985, GYALOG, BuDAI eds 2004).

The Gyulafirdtot Fm, known from the Transdanubian Mountains, is made up of: terrestrial-fluvial, subordinately delta
greenish grey or variegated clay with carbonate nodules; bentonitic clay (with calc concretions); siltstone; sandy siltstone;
sandstone; gravel; and conglomerate. As a result of brackish water-type ingressions, locally bentonite, diatomaceous earth,
subordinately brown coal and gypsum intercalations occur as well. The bentonitized tuff intercalations can be related to the
Sarmatian rhyolite tuff explosion. The material of the clasts primarily originates from the denudation of the Bakony area;
this area emerged as a result of crust movements at the Badenian—Sarmatian boundary. Furthermore, as a consequence, the
basal formations are deposited on diverse Palaecozoic and Mesozoic (in the surroundings of Csoér), Triassic (Gyulafiratot,
Kddarta and Oskii), Eocene and Oligocene (Guttamadsi, Fehérvarcsurgd) successions, as well as on the eroded surface of the
Upper Badenian alginite succession (Hidas Fm). The formation is overlain by Sarmatian, Pannonian or Quaternary beds Its
thickness does not usually exceed 100m and a thicker occurrence is known only in the Véarpalota Basin, in the surroundings
of Inota. It occurs from the western margin of the Bakony up to the foreland of the Vértes, and crops out around Gyulafiratét
and Vérpalota (Oskii), and in the surroundings of Polgardi. Since it interfingers with Sarmatian (based on fossils) marine
facies of decreased salt content, its age can be assumed to be Sarmatian (BENCE et al. 1990, BENCE, SELMECZI in GYALOG ed.
1996, BENCE, SELMECZI in CSASZAR ed. 1997).

Red clay, bauxitic clay (Vorostéo Fm — 10M)

The terrestrial rocks which belong here are those that were formed as a result of the resedimentation of the uncovered
and thus unprotected bauxites of the Bakony and the Balaton Highland (bauxitic clay, clayey bauxite, red clay, and bauxite
pebbles with, locally, high iron content) ("Miocene bauxite”). They are overlain by Neogene formations and even
Quaternary sediments. Important superficial occurrences are located in the area of the Nagyvdzsony Basin (the
Talidandorogd—Kapolcs—Vigantpetend—Nagyvazsony—Vorosto—Barnag—Tétvazsony area), and in the northern outskirts of
Vorosberény (Szentkirdlyszabadja). On the northern and north-eastern margins of the Tapolca Basin it is primarly known
from borehole drillings. It occurs at its greatest thickness in the Nagyvazsony Basin, where it exceeds 70m. According to
overlying sediments of the formation in the western part of the Balaton Highland and the Bakony, it is of Badenian—
Sarmatian age. However, on the basis of to data from the Isztimér—Bakonykiti—Guttamadsi area, it is Badenian—Pannonian
(GYALOG, Bubpa1 eds 2004, TOTH, SELMECZI pers. comm., TOTH pers.comm.).

Post-volcanic-lacustrine and volcanic formations (limnoquartzite, bentonite, kaolinite, diatomite, clay);
rhyolite tuff (Erdébénye, Szurdokpiispoki Fm — 9M)

In the North Hungarian Mountains the rocks which formed as a result of the volcanism that occurred in the Matra and
the Tokaj Mountains make up two formations. Lacustrine diatomaceous earth, limnoquartzite and geyserite rocks of the
Tokaj Mountains (related to the Middle—Late Miocene postvolcanic thermal water activity) belong to the Erdébénye Fm; in
the latter, locally, there are clay and sand beds, as well as redeposited rhyolite tuff-tuffite bands; locally, these bands have
been highly affected by argillization (bentonite, kaoline). The thickness of the limnoquartzite is several cm (bands) to
several m (extent cover). The extent of the geyserite cone is, horizontally, less than it is vertically. The formation frequently
contains the remains of plant fragments and, more rarely, terrestrial gastropod fauna. The thickness of the formation ranges
between 10 and 70m (GYALOG, BUDAI eds 2004) and its age is Late Sarmatian—Early Pannonian.

In the Matra, rocks accumulated in the isolated basins in the surroundings of volcanoes which emerged from the sea
during the Badenian belong to the Szurdokpiispoki Fm. On the basin margins a diatoma-rich lithofacies (diatomite) was
formed, while in the deeper, central part of the basins sandy clay, clay and clay marl accumulated. There are also rhyolite
tuff, tuffite and limnoquartzite intercalations in the succession. The formation is characteristically tripartite: at the bottom
there is a freshwater—brackish water facies, in the middle it is part marine, while upsection a brackish water facies follows
again. In the middlemarine succession there are limestone beds that are identical with the Lajta Limestone Fm. From the
silica-rich thermal water of the post-volcanic activity and in the surrounding lakes, geyserite and limnoquartzite were
precipitated. Typical superficial occurrences are the Prédikalo-tetd (Prédikald High) of Gyongydspata and the Koves-hegy
(Koves Hill) of Gyongydstarjan. The Szurdokpiispoki Fm is underlain by Nagyhdrsas Andesite. The largest superficial
occurrence of the formation is the diatomaceous earth mine at Szurdokpiispoki. Its thickness exceeds 200m; according to
palaeontological investigation, its age is Badenian (GYALOG ed. 2005).
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Pyroxene andesite, dacite; pyroclastite (Amadévar, Baské, Dubicsany Andesite — 8M)

Amadeévadr Andesite is made up of grey, dark (greenish) grey, lamellar, bedded, lava bed-like, and acidic pyroxene andesite
(60-61% SiO,). It primarily covers the higher peaks of the north-western part of the Tokaj Mountains (eg. the Nagy-Amadé Hill
at Gonc) in the form of a cap or a sheet. Once they were probably part of an uninterrupted lava flow. The dominantly subvolcanic
or lava-related pyroxene dacite and, more rarely, pyroxene—amphibole dacite or amphibole-(biotite) dacite, are present to a
significant extent at the southern part of the Tokaj Mountains. They originate from magmas related to the same chamber but
affected by a different type of evolution. Subordinately, pyroclasts are present as well (agglomerate, tuff). The SiO, content s ca.
63%. Amadévar Andesite also crops out in the Nyirség, on the Nagy Hill at Tarpa. The typical thickness of the formation is
70-200m and its radiometric age is 10.3—10.5 Ma (GYALOG, Bupal eds 2004).

Basko Andesite is the main terrain-forming stratovolcanic—subvolcanic formation of the Tokaj Mountains; it is made up
of acidic pyroxene andesite, amphibolic pyroxene andesite (59-62% SiO,) and, subordinately, their pyroclastics.
Mineralisation-accompanied pseudotrachyte, kalitrachyte, kalimetasomatite etc. variants of the formation primarily occur
in the surroundings of Telkibdnya. As a result of the differentiation of the andesite lava, more acidic pyroxene dacite,
amphibole-pyroxene dacite subvolcanic rocks, and welded ignimbrites were formed. The subvolcanic, (subordinately) lava-
type pyroxene andesite — which is more basic compared to the bulk of the formation — is related to multiple separated
eruption centres. The pyroclastic rocks (tuff, agglomerate) are of mixed composition (rhyolite+andesite) and are located on
the margins of the intermediate volcanic formations or under them. The thickness of Baské Andesite is several hundreds of
metres and its radiometric age is 11.4—12.6 Ma (GYALOG, BUDAI eds 2004).

Dubicsdny Andesite is made up of andesite-agglomerate, tuff and tuffite and, more rarely, lava-origin pyroxene andesite
(lava breccias and dykes). Locally, the tuff and tuffite succession is partly rhyolitic. In the andesite-pyroclastic rocks there
are exotic rock bodies, inclusions (Palaeozoic slate, Oligocene—Miocene sandstone etc.), clay, sand, gravel, as well as acidic
tuff and tuffite intercalations. Stratigraphically,t Dubicsdny Andesite is deposited in the middle part of the Sajévolgy Fm. It
can be found in the East Borsod Basin and in the northern part of the West Borsod Basin. The thickness of the formation
ranges between 10 and 50m. In the tuff and tuffite beds there are plant fragments indicating a Sarmatian age. Given its
stratigraphical position, its formation probably started during the Late Badenian, though it is mostly of Sarmatian age
(GYALOG, BupaI eds 2004).

MiIDDLE-UPPER MIOCENE

Rhyolite, dacite, tuff, tuffite, agglomerate (Cserehat, Vizsoly, Harsany, Felnémet, Galgavolgy,
Szerencs Rhyolite Tuff — 7M)

Cserehdt Rhyolite Tuff is made up of scattered rhyodacite tuff beds, comprising rhyodacite crystalline tuff, pumice-rich
tuff, fine-grained tuff and tuffite, as well as bentonite. Locally, accretionary lappilis are frequent. The extent of the
formation is restricted to the East Borsod Basin and the Cserehdt. The formation is underlain by the Sajévolgy Fm.
Eastwards, is can be foundrelated to the Vizsoly Rhyolite Tuff. The radiometric age of the formation is 9-10 Ma (GYALOG
ed. 2005).

Vizsoly Ryolite Tuff consists of rhyolite ignimbrite, fallen and redeposited rhyolite tuff, and tuffite. Its upper part is
identical with the Cserehdt Rhyolite Tuff with which it interfingers. Besides the pyroclastic rocks, rhyolite foamy lava,
pumiceous rhyolite and perlite variants are also known; these cover the tuffaceous formations in the form of a cap. The
formation crops out in the Tokaj Mountains and in the Nyirség as well. Its maximum thickness is 150m and its the
radiometric age is ca. 11 Ma (GYALOG, BuDAI eds 2004).

Harsdny Rhyolite Tuff is known from Biikkalja and comprises predominantly fallen ignimbrite, phreatomagmatic, and
redeposited rhyolite tuff and tuffite; in the latter, subordinately, dacite and andesite tuffite intercalations occur as well. The
formation includes all the dominantly acidic pyroclastic rocks that are found above the Tar Dacite Tuff in the Biikkalja and
in its foreland. With the absence of Tar Dacite Tuff, the formation is deposited on Gyulakeszi Rhyolite Tuff Fm. It is overlain
by Edelény Variegated Clay. Its thickness does not exceed 140m at the marginal parts of the mountains, but towards the Great
Plain the thickness increases. The radiometric age is 14.6—13.5 Ma. It was mostly deposited on dry land (GYALOG, BUDAI
eds 2004).

Felnémet Rhyolite Tuff comprises diverse redeposited rhyolite tuff, but fallen and welded, ignimbrite rhyolite tuff bodies
are also known in the succession. The rhyolite tuff alternates mostly with sediments. It includes Badenian—Sarmatian acidic
pyroclastic rocks, found in the western foreland of the Biikk and on the hilly region between the Matra and the Biikk.
Frequently, along the margin of the Biikk, it is deposited on the basement, while in the central part of the basin it interfingers
with Badenian and Sarmatian sediments. Its formation occurred from the Early Badenian until the end of the Sarmatian
(GYALOG, BupaI eds 2004).
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Galgavolgy Rhyolite Tuff ("upper rhyolite tuff”) comprises grey, biotitic, pumiceous rhyolite tuff and bentonite; it
formed as a result of weathering processes. On what was and is dry land, it is represented by ignimbrite and, locally, tuff-
breccia (SCHMID 1981, FISCHER, SCMINCKE 1984) (tuff agglomerate in HAMOR 1985, GYALOG ed. 2005). In the East and West
Borsod Basins the formation is deposited on the Sajovolgy Fm. It occurs across the whole of the countryand it crops out in
the North Hungarian Mountains. Its maximum thickness is 30m. The age of the formation is Sarmatian, although the K-Ar,
Ar-Ar ages show a large variability (13.7+0.8 Ma) (HAMOR 1985, GYALOG ed. 2005).

Szerencs Rhyolite Tuff comprises acidic pyroclastic rocks and it only occurs in the Tokaj Mountains. It is in some
respectsidentical with Galgavolgy Rhyolite Tuff. Its thickness can attain 350-500m in the Tokaj Mountains and in the
Nyirség. The age of the formation is Lower Sarmatian; according to the radiometric ages measured in rhyolites, its
formation occurred 11.7-12.3 million years ago (GYALOG, BuDAI eds 2004).

Fluvial-paludal clay, silt; lignite, sand (Edelény Variegated Clay,
Hernadvolgy Clay — 6M)

Edelény Variegated Clay is delta plain (fluvial, lacustrine, marshy), grey and variegated clay, clayey siltstone, organic-
rich clay, coaly clay, andlignite; near to the base, there are alternating pumiceous sand and pebbly sand beds Upwards,
travertine and calcareous marl can be found. Larger uninterrupted patches of the formation can be found on the surface
between the Sajé and the Herndd. The thickness of the formation is 50-300m and it was formed during the Early Pannonian
(JAMBOR in GYALOG ed. 1996, GYALOG ed. 2005).

Hernddvolgy Clay is a terrestrial, limnic—fluvial formation, the bulk of which is made up of clay containing carbonate
nodules; furthermore, siltstone and sand intercalations also occur. Locally, mollusc and ostracod fauna, and Chara
oogoniums are present. The formation occurs in the Herndd Valley (between Abatijszanté and Abadjvér). Its age is Late
Sarmatian — Early Pannonian (GYALOG, BuDAl eds 2004, GYALOG ed. 2005).

UPPER MIOCENE

The compilation of the geological map of Hungary ended in 2013, when the map was published in print. However,
parallel with its compilation, the Upper Miocene and Pliocene litostratigraphic units were newly reinterpreted and the
stratigraphic classification was modified by the Neogene-II working committee; this was in the frame of the Geological
Committee of the Hungarian Academy of Sciences. The working committee approved many changes on the previous
stratigraphic chart. As a result, several formations have been reclassified as members and some members and formations
have been deleted from the official stratigraphic chart.

As a consequence, sometimes there is a contradiction between the nomenclature used in the legend of the map and the
opinion of the Neogene-II working committee. The changes are described in the text of the explanatory book, but with
respect tothe description of the formations there is no deviation from the text of the legend of the map. In cases where a
change has been made, it is referred to it in the text and the current official name of the formation is given in brackets;
furthermore, refererence is also made to changes made at the level of the stratigraphic unit. For instance, “Soml6é Fm” is
written in the legend, but in the text “Soml6 Fm (Member)” appears. When only the lithological name is given in the legend
of the map, the change is referred to in the text (for example: Biikkalja Lignite Member (Ujfalu Fm).

Lacustrine claymarl, siltstone, carbonaceous clay (Taliandorogd Marl — 5M)

According to the detailed description of JAMBOR (1980), this formation dominantly comprises dark grey, grey claymarl,
marl and clayey siltstone beds; these beds frequently alternate with thin lignite, carbonaceous clay and huminitic clay beds.
The lilac grey, light grey calcareous marl intercalations are characteristic of the Talidndérogd Marl. With the exception of a
sand body, the thickness of which exceeds 10m, only thin, 20-40 cm-thick fine sand beds occur in the succession. The
formation is underlain by Pre-Pannonian formations, or the Kélla and Kapolcs Limestone Members. The formation is
overlain by the Nagyvazsony Limestone and, unconformably, by Pleistocene rocks. The characteristic fauna record includes
the following species: Congeria ungulacaprae, C. balatonica, Melanopsis impressa, M. martiniana. The calcareous marl
beds contain, exclusively, freshwater and terrestrial gastropod fauna (BENCE et al. 1990, JAMBOR 1980). The thickness of the
formation ranges between 30m and 100m (JAMBOR 1990). Its occurrence is restricted to the so-called Nagyvazsony lagoon
and it occurs only in the surroundings of Kapolcs, Nagyvéazsony and Ocs. (The occurrence depicted north of Zalahalép is a
mistake on the map.) The succession was deposited in the Nagyvazsony lagoon, which was repeatedly isolated from Lake
Pannon. As a consequence of the isolation, freshwater conditions gradually developed in the lagoon. These isolation events
are indicated in the succession by calcareous marl layers, in which freshwater and terrestrial fauna can be found. According
to JAMBOR (1980), the variegated beds in the upper part of the member indicate that a drying-out process took place. The
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Talidndordgd Marl is the heteropic facies of the Somlé and Tihany Members (JAMBOR 1980); as such, in the current
lithostratigraphic classification, it is considered to be a member of the Ujfalu Fm (Talidndorogd Member).

Shoreface sand, gravel, siliceous sandstone (Kisbér, Zamor, Kalla, Dias, Borsod Gravel — 4M)

The most noticeable, most exposed formations of the one time Lake Pannon are gravel, pebbly sand and sandstone beds
of different ages and origins, respectively. The source areas of four of the pebble-bearing stratigraphic units (together
marked as M4) were primarily the islands of Lake Pannon: namely, the present-day Transdanubian Range, the Mecsek and
the North Hungarian Range. The material of the Borsod Gravel partly derives from the marginal area of the Pannonian Basin
— 1i.e., from the West Carpathians. The same applies to the bulk of the material of the finer-grained formations which fill
the basin. The material of the deltas on the western margin of the Little Hungarian Plain (assigned to the Kalla Fm) also
originates from the margin of the Pannonian Basin — i.e. from the Eastern Alps. The lithostratigraphic classification of the
pebble-bearing stratigraphic units is currently under revision.

Kisbér Gravel is made up of sand, pebbly sand, and well-rounded, grey, small-grained gravel (JAMBOR 1980). Upwards
the succession becomes finer. The pebble grains of the lowermost beds are coarser than those of the overlying bed; also
moving upwards, the succession passes into pebbly sand and sandstone. Everywhere the underlying rock of the formation
is pre-Pannonian rock, while the overlying formation is Szdk Clay Marl. The thickness of the formation is small, being
0.2-14.5m, and the average thickness is 6—7m (CSILLAG et al. 2008). The formation is known to occur from the western
margin of the Gerecse up until Stimeg. The characteristic fauna record includes Congeria cjzjeki, C. partschi, and
Lymnocardium secans. Kisbér Gravel can be assigned to the upper part of the Conjungens Zone of the Late Miocene littoral
mollusc zonation (MAGYAR et al. 2000); this is in accordance with the Paradoxus Zone age (SUTONE SZENTAI 1991) of the
overlying Szdk Clay Marl. According to JAMBOR (1996a), it is a marginal formation of once existing abrasional pebbly
beaches; its extent can be followed to the inner part of the basin and it reaches over 10—12km. Everywhere the underlying
rocks are Oligocene — Lower Miocene sandy-pebbly formations, and this indicates that the Kisbér Gravel was formed from
their redeposited material.

Zdmor Gravel was first described by JAMBOR (1980) (the “Tinnye pearl-gravel member”). According to his description,
the formation consists of alternating grey and off-white, small to medium-grained, well-sorted, 20—100 cm-thick pebbly
sand beds; 80-98% of the material of the sand grains is quartz; the bulk of the pebbles are also made up of white or grey
quartz and quartzite, but there are also chert, lydite, quartz-porphyry pebbles among them. The size of the well-rounded
pebbles is a maximum of 3 cm, with the dominant size being 0.5—1cm (JAMBOR 1980). In many cases it is deposited at the
base of the succession of the former Lake Pannon; it is overlain by Csdkvar Clay Marl, in which it appears as an intercalation.
The thickness of the Zdmor Gravel is usually 10-30m, but infrequently it is only 1-2m (JAMBOR 1980). Its maximum
thickness is 53.5m (borehole So6réd S6-10; in the south-eastern foreland of the Vértes) (CSILLAG et al. 2008). It
characteristically occurs in the south-eastern foreland of the Transdanubian Range where, according to JAMBOR (1980), it
can be followed until the area of Gyurd, Tarnok and Lajoskomdrom. The formation, with the exception of the exposure at
Tinnye, is poor in fossils. JAMBOR (1980) mentions the species Melanopsis fossilis and Congeria ornithopsis as
characteristic fossils. Zdmor Gravel is made up of beds which were deposited in a delta or shallow pebbly beach
environment. The extent of the formation indicates that the source area was not exclusively that part of the Bakony which is
covered by the Csatka Fm. Pebbles from the area of Bicske, Pusztazdmor and Séskit could not have originated in the
Bakony, since between the two areas the formation pinches out. The formation of the Zdmor Gravel began in the Congeria
onrithopsis biozone, being coeval with the oldest sediments of Lake Pannon. However, the appearance of the gravel member
between the beds of the Csdkvar Clay Marl proves that the transportation of the gravel material was repeated. Based on the
occurrence and the age of the overlying Csdkvar Clay Marl, the formation of the gravel lasted until the Pécsvaradensis
microplankton zone (10.5 Ma).

Kdlla Gravel is probably the most famous formation among the sediments of Lake Pannon. Its fame is related to the “sea
of stones” of the Kal Basin, which is one of the most visited geological curiosities and spectacular sites of Hungary. Many
publications are available on its occurrences in the Transdanubian Range, but the first summarized description of the
formation (under the name “Kadlla pearl gravel — quartzsand member”’) was made by JAMBOR (1980). He assigned the
dominantly delta sediments (today belonging to the Kalla Gravel) and the abrasional gravels — currently known as Dids
Gravel (see below) — to one lithostratigraphic unit. The occurrences of Kélla Gravel in the West Mecsek and in the
surroundings of Biikkodsd were described by KLEB (1973). The bulk of the gravel material is quartzite and, less frequently,
lydite and other types of metamorphite; however, chert, limestone and dolomite are also present. The average diameter of
the pebbles is around 1 cm; the maximum size is 12cm. The ratio of sand to gravel varies, both horizontally and vertically.
The sand is usually fine-grained and the material is quartz (sometimes in a proportion that is suitable for commercial use as
an industrial raw material). In places a few heavy minerals occur as well. Due to the excellent sorting, the formation is
usually structureless; however, locally, we can encounter small-scale trough cross-bedding, hummocky-cross lamination,
parallel lamination and bioturbation (BUDAI et al. 1999). One of the most prominent features of the succession is that there
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are steeply-dipping, 4—15 m-high fore-set beds underlying horizontal topset beds (SZTANO et al. 2010, TOTH et al. 2010). The
underlying rocks are diverse: Osi Variegated Clay, and Csdkvar and Szdk Clay Marl; however, pre-Pannonian formations also
occur frequently. The formation is overlain by the Soml6 or the Tihany Formations (Member). Its thickness is usually 10-20m;
the maximum thickness is around S0m (Bubpar et al., 1999). Kélla Gravel is known over a large area in the Transdanubian Range:
from the Keszthely Mountains till the Gerecse. In the southern foreland of the Mecsek it can be followed from the WestMecsek
eastwards, over a long section up to the granite area of Méragy. Usually, the formation is poor in fossils. The fauna record around
the K4l Basin was described by MAGYAR (1988), and that around Fehérvarcsurgé also by MAGYAR (1992). The flora was
described by HABLY (2013). Characteristic species in the fauna are: Congeria sp., Lymnocardium cf. soproniense, L. cf. majeri,
Unio atavus, and Melanopsis cf. fossilis; characteristic flora species are: Pinus sp. and Picea sp. In the Transdanubian Range the
age of the Kdlla Gravel extends to the younger part of the Lymnocardium conjungens zone (Kél Basin), and the Lymnocardium
ponticum (Fehérvarcsurgd) zone — namely, between ca. 10.5-8.6 Ma (MAGYAR 2010). The occurrences in the Mecsek are
younger than 8 million years and can be assigned to littoral zones, coeval to the Congeria rhomboidea sublittoral zone (SEBE et
al. 2015). The bulk of the Kélla Gravel was formed as relatively small Gilbert deltas; a part of the gravel and sand was spread in
the environment of the deltas by longshore currents and wave action (BABINSZKI et al. 2003, CSILLAG et al. 2010, SZTANO et al.
2010). K4lla sand and gravel are excavated in many open pits, among which the quarries at Salfold, Fehérvarcsurgé and Billege
are of industrial importance.

Dids Gravel has been listed as an unofficial unit among the Late Miocene lithostratigraphic units since 1996. CSILLAG
(1996) distinguished this abrasional gravel from Kalla Gravel, which was primarily deposited in a delta environment. The
material of the Dids Gravel is locally derived; it consists of gravel, conglomerate, debris or breccia, which formed the rocky
coasts of Lake Pannon. As such, the gravels are made up of Palaeozoic, Mesozoic and pre-Pannonian Tertiary rocks
(granite, sandstone, limestone, dolomite etc.). Both well-rounded gravel and angular to subangular breccia particles occur.
The thickness of the formation is several metres, with a maximum of 8m. Away from the one time coast, it pinches out fast.
It usually overlies the pre-Pannonian rock surface — in intercalations — and it may also occur in the Soml6 and Tihany Fm
(Member). Its extent is restricted to the marginal parts of the mountains. The best known exposures are found in the
Transdanubian Range (Bubal et al. 1999, CsILLAG et al. 2008), in the Mecsek, and in the Velence Mountains (GYALOG,
HORVATH 2004, GYALOG, ODOR 1983). It contains no fauna; its age can only be assumed on the basis of the potential under-
and overlying Pannonian formations. Its formation is related to the wave-dominated coastal zones of Lake Pannon: thus
there are abrasional gravels, breccias (which formed in the supralittoral zone of the rocky coasts), and sediments (which
accumulated below the wave-base).

A brief description of the Borsod Gravel Fm given by PEREGI (1996) is also mentioned in the work of GYALOG (2005).
On the basis of these works, the material of the pebbles is of crystalline rocks and Mesozoic carbonates. In the coarse-
grained gravel, sandy gravel succession, there are several-metres thick intercalations of variegated clay and pebbly clay. The
thickness of the formation ranges between 90m and 100m. It occurs north of the Sajé valley and can be followed to the
Slovakian border. In the Slovakian area it is known as the Poltar Gravel Fm. Its age is uncertain. According to the
conventional classification, it is “Lower-to-Upper Pannonian”. This would suggest that the formation of the Borsod Gravel
took place over an extremely long period (millions of years). This assertion can be excluded, however, on the basis of its
relatively low thickness (90—100m) and its sedimentological character. According to PEREGI (1996), the Borsod Gravel was
formed as a basin-marginalluvial fan, while according to JAMBOR (pers. comm.), it is of fluvial origin.

Lacustrine clay marl, sand, silt, variegated clay (Szak, Csakvar Clay Marl, Osi Variegated Clay — 3M)

Formations marked as 3M were deposited in highly diverse sedimentary environments of Lake Pannon. The only
common feature is that they were formed at the base of the lacustrine succession, at the time of the transgression of the lake.
According to the interpretation of the Neogene-II working committee, Szdk Clay Marl was deposited on an elevated, yet
sublacustrine high, within the basins and in the vicinity of “islands”. It is a heteropic facies of the Endr6d Marl Fm. The
Csakvar Clay Marl was deposited in shallow coastal waters and is related to the islands of Lake Pannon (eg. some areas of
the Transdanubian Range, such as the Mecsek). These areas were periodically desiccated. The Osi Variegated Clay was
formed from sediments deposited on a coastal plain with alluvial swamps.

After the detailed description by JAMBOR (1980) only some recent publications have produced new information on the
Osi Variegated Clay Fm (CSILLAG et al. 2008, Kékay et al. 1991).

The formation is dominantly made up of mudstones. It mostly comprises grey, yellow-patched, green, greenish grey,
grey, frequently variegated beds. Beside the clay, frequently claymarl, siltstone, and sandy, pebbly clay and sand beds occur;
however, calcareous marl and limestone intercalations can be found in it as well. Locally, thin rhyolite tuff beds intercalate
in the sedimentary succession (JAMBOR 1990). Next to Oskii, lignite beds occur in a succession; this succession fills a karstic
depression (JAMBOR 1990). The fabric is frequently brecciated, angular and block-structured. Desiccation cracks, gypsum
crack fillings and root traces are frequent. The beds are usually cut by shiny slicken-slide planes. The calcareous material is
represented by small (2-30mm) white or yellowish white concretions. According to JAMBOR (1980) the Osi Variegated Clay
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becomes finer upwards; pebbles and pebbly sand beds are characteristic of the lower section. The pebbles are quartz,
quartzite, chert, but weathered, green phyllite occurs as well (CSILLAG et al. 2008; JAMBOR 1980, 1990). The formation is
present in the southern—south-eastern foreland of the Transdanubian Range, between Felcsiit and Balatonkenese (CSILLAG
etal. 2008, JAMBOR 1980, 1990). Its presence has been detected also in the Vértes, and in the Gant Basin (CsILLAG et al. 2008,
GYALOG 2005). It unconformably overlies the underlying rocks. On the Neogene terrestrial areas of the Transdanubian
Range, it was deposited on the Sarmatian Gyulafirdtét Fm (Bupal et al. 1999, JAMBOR 1980). Its thickness varies between
7m and 90m; the average thickness is 15-25m (CSILLAG et al. 2008; JAMBOR 1980, 1990). However, in several boreholes
around Magyaralmads, it is underlain by Zamor Gravel (e.g. Ma—62) or Csdkvar Clay Marl (Ma-10). Futhermore, formation
is frequently overlain by the Csdkvar Clay Marl; in the surroundings of Fehérvéarcsurgd, however, the Kdlla Fm is deposited
on it (CSILLAG et al. 2008). According to JAMBOR (1990), the duration of the formation of the Osi Variegated Clay lasted
longer in the M6r Trench than elsewhere. This fact explains why the stratigraphic conditions differ from those of other areas.
JAMBOR (1980) described a local succession around the Soréd—Magyaralmas—Fehérvarcsurgé area, where variegated clay
is found between the Oligocene Csatka Fm and the Pannonian Kélla Formations. Thus it was supposed that its deposition
occurred in multiple terrestrial phases from the Early Miocene up until the Late Miocene appearance of Lake Pannon. The
Late Badenian Hidas Fm is intercalated (KOkAY 2006) in the terrestrial series of the Fehérvarcsurgé Fest—5 borehole; this
indicates that the terrestrial deposition occurred before and after Late Badenian. The Osi Variegated Clay contains very few
fossils. Examples include small Cardiidae species, and there are a few freshwater gastropods in the limestone and huminitic
clay beds. Large ostracodes are characteristic fossils in the calcareous marls. For the determination of the age of the
formation, the Mecsekia incrassata organic-shelled microplankton provides useful information, since it marks the
Sarmatian-Pannonian boundary zone (KOKAY et al. 1991). The Osi Variegated Clay was formed in a paludal and terrestrial
environment. The exact age of the formation is not known. According to KOKAY et al. (1991) the age of the dacite tuff under
the Osi Variegated Clay is 12.6+0.5 Ma; a more precise age cannot be given.

Csdkvdr Clay Marl was first described by JAMBOR (1980). More recently CSILLAG et al. (2008) summarized all the
available information on the formation. The bulk of the Csdkvar Clay Marl Fm is made up of grey, light grey claymarl, clayey
siltstone with thin intercalations of fine sand, silstone and huminitic clay beds. In the lower part of the formation grey,
greyish white diatomite beds also occur (HAJ0S 1971, JAMBOR 1971). The formation usually comprises layers of lamellar-
conchoidal parting. Fibrous pyrite precipitations are frequently found in the sediment andthe underlying rocks are very
diverse. It occurs on pre-Pannonian formations, as well as on the Osi Variegate Clay and the Zamor Gravel. It is also possible
that in the inner part of the Zdmoly Basin, on the basis of the appearance of the oldest lacustrine fossils, it may conformably
overlie the Sarmatian Kozard Fm. It is usually overlain by Kalla Gravel or the Somlé Fm (Member), and possibly also the
by Csor Siltstone. According to JAMBOR (1980), Csdkvar Clay Marl occurs in the south-eastern foreland of the
Transdanubian Range, between the Mesozoic and the Palaeozoic blocks in the forelands, as well as in the Zsdmbék Basin.
It also occurs in the Vértes, in the Gdnt Basin (CSILLAG et al. 2008). Certain sections of some boreholes on the marginal parts
of the Mecsek have also been assigned to the Csdkvar Claymarl. The thickness of the formation ranges between 70m and
190m (JAMBOR 1980), but in the south-eastern foreland of the Vértes it is only 10—130m (CSILLAG et al. 2008). Csdkvér Clay
Marl is rich in fossils. Its mollusc fauna was described by TOTH (1971), and the available results have been summarized in
the explanatory book of the Vértes (CSILLAG et al. 2008). Characteristic species include Congeria ornithopsis, C. czjzeki,
Lymnocardium secans, and Melanopsis bouei sturi. Trace fossils, like the Pectinaria ostracopannonicus, are also frequently
found (JAMBOR, RADOCZ 1970). Its rich diatoma assemblage was described by HA10s (1971). Organic-shelled micro
plankton and sporomorph assemblages have been described more recently by SUTO-SZENTAIL, SELMECZI (2004). Csdkvar
Clay Marl was dominantly deposited in shallow, partially isolated waters near the islands of the Pannonian Basin. Its
heteropic facies is the Endréd Fm, and this was formed in the area of the deep basins, away from the existing coastline.
According to HA10s (1971) the Diatoma assemblage indicates a nearshore, brackish water environment, characterised by a
fluctuating water level (7-60m). According to SUTONE SZENTAI (1991), the formation of the Csdkvar Clay Marl lasted from
the oldest, Ultima Zone, through the Pannonicus and Oblongus Zones, until the Pecsvaradensis Zone. According to
MAGYAR (2010), the radiometric age of the formation is 11.6-10.6 Ma.

The succession of the Szdk Clay Marl consists of grey, lamellar-conchodial, lamellar silty claymarl, and clayey siltstone.
Itis extremely homogenous. It significantly differs from the diverse succession of the Csdkvar Clay Marl (which comprises
travertine, calcareous marl, and gravel and sand intercalations). The formation is underlain by Kisbér Gravel on the western
margin of the Transdanubian Range. Further away, it is deposited on older Palacogene or Mesozoic formations (JAMBOR
1980). It is overlain by the Soml6é Fm and is known on a large area on the western margin of the Transdanubian Range —
namely, in the area of the Keszthely Mountains and in the Tapolca Basin. Its thickness is several tens of metres and it exceeds
100m toward the basin, on the the basin’s marginal parts (JAMBOR 1980). It is rich in macrofauna and characteristic molluscs
are Congeria czjeki, C. partschi, Lymnocardium triangulatocostatum, Paradacna abichi, and Valenciennius reussi. In Szak
Clay Marl trace fossils are also frequently found: JAMBOR (1980) described burrows named as Pectinaria ostraco-
pannonicus, a Spirosiphonella pannonica and Minisiphonella transdanubica. Szak Clay Marl was deposited in a shallow
sublittoral environment on the elevated basement highs, yet it was covered by the lacustrine waters of Lake Pannon.
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According to the organic-shelled micro plankton zonation described by SUTONE SZENTAI (1991) it was deposited in the
Paradoxus Zone. According to MAGYAR (2010), the fauna record of Szdk Clay Marl on the western margin of the
Transdanubian Range marks the upper part of the Lymnocardium soproniense Subzone of the Congeria czjzeki Zone.
According to the geological map of Hungary (GyaLoG 2013), formations marked as 3M have mappable size surface
occurrences only in Transdanubian Range.

Lacustrine clay, silt, sand; carbonaceous clay, lignite (Somld, Tihany Fm, Torony Lignite — 2M)

Stratigraphic units marked as 2M were previously regarded as formations. According to the proposal of SzTaNO et al. (2013),
formations previously known as the Soml6 and Tihany Formations are now regarded as members of the Ujfalu Fm. The term
“Torony Lignite Fm” has been discardedby the Neogene-II working committee, and the beds have been assigned to the Biikkalja
Lignite Member. The first description of the three stratigraphic units marked as 2M can be found in the work of JAMBOR (1980).

In the lower part of the Somlo Fm (Member), relatively thick but very fine to fine-grained sand has been deposited; above
this two-thirds of the member is composed of alternating sand, siltstone and clay beds (JAMBOR 1980). The succession is of
a fining-upward character. On the southern and western margin of the Keszthely Mountains the sand is strongly cemented
and bulk of the rocks are made up of thin-bedded sandstone (so-called “card stone” or “card sandstone”). In the fossil-rich
strata, locally, Congeria ungula caprae occurs in rock-forming quantities. Other typical mollusc species are Dreissena
auricularis, Lymnocardium majeri, L. apertum, L. penslii, and L. variocostatum (JAMBOR 1980). A special species of its
flora is the Quercus kubinyii. Other characteristic elements of the flora are: Liquidambar europea, Platanus leucophylla
and Salix varians (HABLY 2013). In the siltstone and claymarl beds, Arenicola marina burrows frequently occur (JAMBOR
1980). The maximum thickness of the Somlé Fm (Member) is around 150-160m (BubAI et al. 1999, CSILLAG et al. 2008,
JAMBOR 1996b), and it waswas deposited in the prodelta to deltafront region.

The Tihany Fm (Member) is made up of densely alternating sand, clay, siltstone, huminitic clay, carbonaceous clay and
lignite beds It also contains cm-thin dolomite intercalations (JAMBOR 1980). The most recent description of the key section
of the formation, — the Tihany, Fehérpart — has been presented by SZTANO et al. (2013). The fossil-rich fauna of the Tihany
Fm (Member) was described by MULLER, SZONOKY (1988). Characteristic mollusc species are: Lymnocardium decorum,
Prosodacnomya carbonifera, C. balatonica, Viviparus sadleri, Melenopsis cylindrica, M. decollata, Theodoxus
ecarinatus, and T. radmanesti. In the mammal fauna, the Allospalax petteri and the Crusafontina kormosi are important age
indicators. The thickness of the formation on the Balaton Highland type-area is a maximum of 60—-80m (Bupa1 et al. 1999).
The Tihany Fm (Member) was deposited on a delta plain, in interdistributary bays, in marshes, and in distributary channels
(SzranoO et al. 2013). From NW to SE, from the Little Hungarian Plain to the Drava basin, the Soml6 and Tihany Formations
(Members) become younger (from around 9.5 Ma to 5.5 Ma).

A detailed description of the (earlier named) Torony Lignite was also made by JAMBOR (1980). Similarly to the Somlé and
Tihany Formations (Members), this member is also mostly (85%) made up of clay and silt. Successions with significant lignite
seams are mentioned only in the western part of Hungary. After Jambor’s study and interpretation of the formation, further
detailed work did not continue. JAMBOR (1996¢) described the Torony Fm as a stratigraphic unit identical with the Biikkalja Fm.
On the 1:100,000-scale geological map of Hungary the Torony Fm is not depicted; around Szombathely, where it is widespread,
only the Tihany Fm appears (GYALOG 2005). Its poor fossil record consists of freshwater and terrestrial forms (JAMBOR 1980).
The flora of the Szombathely occurrence was described by HABLY (2013); the main species of the typical paludal flora are the
Glybtostrobus europaeus, the Byttmeriophyllum tliifolium, the Alnus cecropiifolia, A. menzelii, and the Myrica lignitum etc.
Quercus kubinyii is also worth mentioning. The formations marked as 2M crop out only in Transdanubia; however, in reality, the
surface occurrence of the three formations is smaller than depicted. On the southern part of the Little Hungarian Plain, the Tihany
Fm appears on the geological map produced by GYALOG (2005) (see Zagyva Fm). JAMBOR (1980) assigned the surface
occurrences of the area (Hossztpereszteg, Pannonhalma) to the Torony Member. His description, however, reveals deposits
which are now considered as the Zagyva Fm. The lignite-bearing facies of the Torony Member is identical with the Biikkalja
Member of the Ujfalu Fm, though other occurrences of the member mentioned by JAMBOR can possibly be assigned to the
ZagyvaFm. The age of the lignite-bearing part of the Torony Member is given as 7.3—-6.7 Ma by MAGYAR (2013), who seismically
correlated it with the Prosodacnomya daniellii zone of the Tharosberény borehole. It is the same as the age of the Biikkalja Fm.
During this period, however, between the depositional area of the Torony Member in the western part of Transdanubia and the
delta plain of Lake Pannon in southern Transdanubia, a vast alluvial plain developed. If accept the so-determined age of the
formation, then the lignite-bearing succession of the Torony Member was not a formation of Lake Pannon, but that of a separate,
smaller lake or a marshy area.

Lacustrine limestone, calcareous marl (Nagyvazsony, Kapolcs Limestone — 1M)

Two formations of a different age but deposited under similar conditions have been combined on the map. The older —
Kapolcs Limestone — is faded grey, white, hard and compacted, and it is made up of 5-30 cm-thick beds (JAMBOR 1980).
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Locally, the topmost layers of the Kélla Gravel are also cemented by this limestone. From the thickest successions of the
limestone JAMBOR (1980) described gravelly intercalations. These pebbles are identical with that of Kdlla Gravel. The
Kapolcs Limestone is underlain by Kélla Gravel, or by rocks which were previously assigned to the Imarhegy and Csér Silt
(JAMBOR 1990); however; these currently form the members of Csdkvar Clay Marl Fm. The formation is overlain by
Talidandorogd Marl. It frequently contains brackish-, and freshwater gastropods: Planorbis sp., Cepea sp., Lymnea sp.,
Melanopsis fuchsi, and Hydrobia sp. (JAMBOR 1980). The thickness of the limestone ranges between 0.4 and 10m. Its
occurrence is restricted to two, relatively small isolated basins and these are surrounded by Triassic carbonate rocks: these
basins the so-called “Nagyvdzsony lagoon” and the Gyulafirat6t Basin (JAMBOR 1990). There is no direct data on the age of
the Kapolcs Limestone. It partly interfingers with the Kélla Gravel (4M); on the basis of this, its formation started at the
same time and continued even after that.

Since the extent of the Nagyvdzsony Limestone is much larger than that of the Kapolcs Limestone, its geological and
stratigraphic importance is much larger as well. A typical sample is faded brown, brownish grey, non-porous, hard, micro-
crystalline limestone, and siliceous limestone. It forms 10-50 cm-thick beds. The freshly cut surface frequently has the
odour of bitumen. On the surface, large blocks of limestone can usually be seen. However, in the succession there also occur
fine-grained siliciclast and huminitic clay, as well as clay beds with plant fragments (BENCE et al. 1990, MULLER, MAGYAR
2008). Some of the beds contain gastropods in rock-forming quantities. According to borehole data, in many cases the
proportion of the limestone is subordinate; the carbonates are only partly diagenized and they show the character of chalk.
In a similar proportion, one can also find clay with calcareous nodules, (rarely) bentonitic clay, and carbonate-free red clay
beds (Bubpal et al. 1999). The fauna of the formation includes freshwater and terrestrial gastropods (Planorbis sp., Cepea
sp., Lymnea sp., and Tachaeocampylaea doderleini). BARTHA (1971) described Unio wetzleri in the sand intercalation of the
travertine of the Varpalota section. MULLER, MAGYAR (2008) described rich mollusc fauna in the Buda Hills from the
succession of the Nagyvazsony Limestone: Anodonta sp., Dreissena sp., Melanopsis fuchsi, Melanopsis sturi, Theodoxus
radmanesti, Planorbarius sp., Planorbidae sp., Dreissena sp., Lymnocardium decorum, Melanopsis sp., Theodoxus sp.,
Viviparus sp., Micromelania cf. laevis, Hydrobiidae sp., Valvata sp., Stagnicola sp., Anisus sp., ?Mesodontopsis sp.,
Gastrocopta nouletiana, Carychium cf. sandbergeri, and Vertigo angustior oecsensis. The Nagyvazsony Limestone is
mostly underlain by the Tihany or Talidndérogd Members of the Ujfalu Fm; however, locally, it overlies pre-Pannonian beds
It is mostly overlain by Pleistocene rocks, though in the surroundings of Nagyvazsony it is locally overlain by the lava flow
remnants of the Tapolca Basalt Fm. JAMBOR (1980) described a succession of 40—-45 m-thick claymarl, clay and sand above
the travertine in the Bakonykut Basin, which contains only a few terrestrial mollusc fragments. It is currently assigned to the
Vértesacsa Member of the Zagyva Fm. Nagyvazsony Limestone was formed close to the karst ranges of the Transdanubian
Range, on the marginal or upper part of the delta plain. It was deposited in small lakes and isolated bays — far away from
the main transportation routes — and charged by karst springs. Smaller changes of the lacustrine base level temporarily
interrupted the spring activity, and thus also affected the formation of the limestone. The thickness of the Nagyvadzsony
Limestone varies between 30m and 40m. The formation is known on the margins and in the inner basins of the
Transdanubian Range, from the Keszthely Mountains until the Buda Hills. The Nagyvazsony Limestone partly overlies the
Ujfalu Limestone, and partly interfingers with its upper part on the Balaton Highlands (BUDAI et al. 1999). According to
MULLER, MAGYAR (2008) and KorDOSs (pers. comm.), Nagyvazsony Limestone can be assigned to the MN10 vertebrata
zone (9.7-8.7 Ma), and to the Lymnocardium decorum mollusc zone (8.0-8.7 Ma) in the Buda Hills. The vertebrate-bearing
red clays which fill up fissures and cavities of the travertine have been assigned to the MN12 zone (7.5-6.8 Ma); thus the
limestone is certainly older than this (MULLER, MAGYAR 2008).

MIOCENE-PLIOCENE

Fluvial-lacustrine—paludal sand, clay, lignite (Nagyalfold Variegated Clay, Zagyva Formation,
Biikkalja Lignite — MPI)

On the map, two types of deposits (the depositional environments of which were totally different), are depicted and these
are combined with the same sign. The Nagyalfold Variegated Clay and the Zagyva Fm include channel-fill and floodplain
sediments of rivers which filledup Lake Pannon. However, the Biikkalja Lignite, like the Torony Lignite (JAMBOR 1996¢),
belongs to what was the delta plain of Lake Pannon. According to the current stratigraphic classification, it is a member of
the Ujfalu Fm. The combination of deltaplain lignites with the fluvial formations is based on the concepts of GAIDOS et al.
(1983) and JuHASZ (1994); with regard tothe Biikkalja Lignite, they represent the heteropic facies of the Zagyva Fm and the
Nagyalfold Variegated Clay. The map extension of these formations depicted with this sign on the map does not include,
however, the Vértesacsa Member of the Zagyva Fm (CSILLAG 2008) (formerly a member of the Vértesacsa Fm) between the
Vértes and the Velence Mountains.
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The Zagyva Fm comprises densely alternating; dominantly medium to very fine-grained sand, sandstone, siltstone, clay
and calcareous clay beds. The formation contains many carbonized plant fragments and, frequently, lignite layers. The
thickness of the sand and sandstone bodies often reaches 10m (GYALOG 2005). The succession comprises channel-belt and
floodplain sediments of the alluvial plain of the river system which once carried sediment into Lake Pannon, as well as
sediments deposited in the small, ephemeral lakes which existed on the floodplains. Thick palaeosols — often with
carbonate-accumulation horizons — frequently occur (CsiLLAG 2008). UHRIN et al. (2011) described vertically accreted,
narrow sand bodies in the foreland of the Vértes; this is a feature which indicates the one time presence of anastomosing
rivers. Channel fills of braided rivers occur only in a few exposures, and these are usually close to coeval faults. Meandering
rivers were characteristic in the Godol116 Hills and these rivers represent one of the rare surface occurrences of the formation
(UHRIN, SzZTANO 2007). The depth of the respective channels was around 8-9m or Sm. The order of the magnitude of the
former is characteristic of the Tisza; that of the latter is typical of the tributaries of the Tisza. The formation is relatively poor
in fossils. One of its two important vertebrate occurrences is at Baltavar (Bérbaltavar).

According to the new investigation of its Hipparion fauna, the two most frequent species are Hippotherium intrans
and H. “microdon” (KAISER, BERNOR 2006). HALAVATS (1923) described 17 mollusc species from the Baltavar
occurrence; among the many new species were Margaritifera flabellatiformis (mentioned as Unio Wetzleri) and
Tachaeocampylea doderleini. The fauna of the railway cut at G6do1l6 was described by MotTL (1939): Bunolophodon
longirostris — Dibunodon arvensis, Dicerorhinus megarhinus, Hipparion crassum, and Cervus pardinensis. The
formation infrequently contains molluscs; yet, from the beds around Hossztipereszteg JAMBOR (1981) described
Margaritifera flabellatiformis and Tachaeocampylea doderleini. The description of the plant fossils of the formation has
been given by Hably (2013), who described the flora of the Gy6r-Sashegy, S6tony, and Hosszipereszteg occurrences.
The Zagyva Fm occurs everywhere in the basins, under the Pleistocene successions. It is also present on the surface, on
the margins of the basins, in the hilly regions: namely, in the Zala, Vas and G6d6116 Hills, and in the southern forelands
of the Vértes, the Cserhit, the Métra and the Biikk. According to the interpretation of the sections by MAGYAR (2010), and
the analysis of freshwater-terrestrial beds occurring in the overlying brackish water successions, the Tihany Fm
(Member) depicted on the Little Plain belongs to the Zagyva Fm. In the basins, the Zagyva Fm is underlain by the Ujfalu
Fm On the marginal areas it may overlie the older sediments of Lake Pannon, or be found on the surface of older
formations with erosional unconformity.

The Nagyalfold Variegated Clay used to be regarded as a separate formation, but currently it is a member of the Zagyva
Fm. It is made up of bluish grey sand and grey, yellowish grey, reddish brown, variegated clay beds, in which (frequently)
lignite intercalations and pebbly sand beds also occur (GYALOG 2005). The thickness of the Zagyva Fmormation (without
the Nagyalfold Veriegated Clay) is around 10-100m on the marginal areas. In the basins, its maximum thickness exceeds
1000m (GYALOG, 2005). The thickness of the Nagyalfold Variegated Clay ranges between some metres to some tens of
metres on the margins. According to GAJIDOS, PAP (1996), in the area of the basins several hundreds-of-metres-thick
successions are known. The Nagyalfold Variegated Clay is underlain by the Zagyva Fm in the basins, and by older Lake
Pannon or pre-Pannonian formations on the marginal areas. The age of the Zagyva Fm can only be estimated based on the
data of a few localities. Southwards, parallel with the filling-up of Lake Pannon, the bottom of the fluvial succession
becomes increasingly younger. In accordance with this, the age is 9 Ma on the Little Plain, while in the south-eastern part
of the Great Plain it is ca. 5 Ma. According to MAGYAR et al. (2007), the Baltavar beds belong to the C4n polarity zone
(8.11-7.58 Ma); according to this, the fauna can be assigned to the MN11-12 zones (9.0-7.0 Ma). The same fauna was
placed in the MN 12 zone by KAISER, BERNOR (2006), who assumed an age of 7.5-7.0 Ma. Given the interpretation of MOTTL
(1939), the age of the G6doll6 fauna is Early Pliocene. This was verified by JASKO, KOorDOs (1990), who assigned the
G06dolls fauna to the MIN 14 zone (4.7—4.2 Ma). The bulk of the Nagyalfold Variegated Clay is of Pliocene Age; however, its
formation continued into the beginning of the Pleistocene (GAIDOS, PAP 1996).

The Biikkalja Lignite comprises grey, bluish grey and variegated clay, sand and lignite beds. The thickness of the lignite
seams can attain 10—15m. The depicted surface occurrence of the Biikkalja Lignite is restricted to the southern foreland of
the North Hungarian Mountains. The formation is relatively rich in fossils; its vertebrate fauna was described by BERNOR et
al. (2003). The rich flora assemblage includes remnants of the outstanding swamp cypress forest (Taxodioxylon
germanicum) which existed at present-day Biikkdbrany. From the flora (which includes a relatively small number of
species), several species have been described, including Ginkgo adiantoides, Glyptostrobus europaeus and Alnus menzelii
(HaBLY 2013). The sediments of the Biikkalja Lignite member were deposited on the delta plain of Lake Pannon. Their
formation might be related to an intensive transgression event (JUHASZ et al. 1996; MAGYAR, SZTANO 2008). The age of the
Biikkalja Lignite is Late Miocene. According to BERNOR et al. (2003), the vertebrate fauna of Hatvan belongs to the MN12
(8.2-7.0 Ma) zone. However, according to MAGYAR (2013) — referring to a personal communication from Kordos — it
might be assigned to the MN 13 zone. Its base can be correlated — by means of seismic profiles — with the Prosodacnomya
dainellii zone; its formation possibly occurred between 7.5 and 6.7 Ma (MAGYAR 2013). Its depositional environment and
age are identical with the lignite-bearing beds of the Torony Lignite of the West-Transdanubian Region (MAGYAR 2013). The
lignite seams of the Biikkalja Lignite are currently exploited at Gyongyosvisonta and at Biikkkdbrany.
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MIOCENE-PLEISTOCENE

Basalt, basalt tuff, subordinately geyserite (Salgovar, Tapolca, Bar Basalt — MQ)

There were many volcanic eruptions in the area of the Carpathian Basin between the Late Miocene and the Middle
Pleistocene. As a result of this volcanic activity, characteristicalkali basalts were formed. The only exception is the ultra-
alkaline Bar Basalt, the material of which is leucitite (HARANGI et al. 1995). In Hungary, basalt volcanic formations crop out
on: (i) the Little Hungarian Plain (ii) in the area of the Bakony (iii) in the area of the Balaton Highland (Tapolca Basalt) (iv)
in the Medves area (Salgdvdr Basalt) and (v) in the SE-Transdanubian village of Bar (Bdr Basalt). Due to the different
typesof volcanic activities and the degree of erosion of the volcanic formations, the remnants of the basalt volcanoes are
made up of rocks from diverse depositional environments. The most typical eruption type was maar-volcanism (MARTIN,
NEMETH 2004). The craters thus formed were mostly filled with lava flows and lava lakes. Their remnants are represented
by the “mezas” of the Tapolca Basin (Badacsony, Szent Gyorgy Hill), and the Somlé and the Sag Hill on the Little
Hungarian Plain. Erosional processes denuded the tuff rings of the maars. The pyroclastic rocks of explosive eruptions
occur mostly where the eruption was not followed by the formation of lava lakes and lava flows (e.g. Szigliget, Tihany and
the maars of the Little Hungarian Plain). In the crater lakes of the craters, diverse sediments were deposited and these range
from coarse volcano-sediments, through to alginite (oil shale), and then until the geyserite of the thermal springs of the post-
volcanic activity. In the last phase of the volcanic activity cinder cones (eg. Bondoré) were formed. Lava sheets are known
to occur only on some hills: the Agér-tet$ and the Kab Hill. In the area of the Kovacsi Hill the basalt lava formed subvolcanic
bodies and these were trapped in shallow depths. They reached the surface after the denudation of the overlying sediments.
Locally, the erosion denuded the volcanic structures to a significant extent, thus exposing the deeper zones as well. Such a
diatreme formed the little hill which can be found in the middle part of the Kal Basin (Kereki Hill) (NEMETH et al. 2003).
The volcanic activity lasted for ca. 6 million years. The oldest eruption of the Tihany Peninsula occurred ca. 8 million years
ago; eruptions in the Medves areas and in Bér took place ca. 2 million years ago. On the Slovakian side of the Medves area
the youngest eruptions probably occurred in the Middle Pleistocene (VASS, ELECKO 1992).

PLIOCENE

Alginite, diatomite, bentonite (Pula Alginite — PI)

The alginite (oil shale), diatomite and bentonite beds are situated in the craters of the one-time volcanoes. Those craters
(maars), in which relatively large crater lakes were formed, developed during the phreatomagmatic eruptions of the
intracontinental alkali basalt volcanism; this volcanism lasted from the Late Miocene until the beginning of the Pleistocene.
In the closed, drainless lake basins, not only debris from the walls of the crater and from the surrounding tuff ring
accumulated, but also large amounts of organic material. The bentonite laminae are composed of expansive clays, which
were formed as a result of the weathering of the accumulated volcanic ash and debris. The source of the organic material was
primarily the Botryococcus braunii green algae colony of the lakes. The alginite is represented by thin (less than one
millimetre thick) laminae, which were deposited in an isolated basin, in an environment characterised by an oxygen deficit.
The periodically proliferating, silica-shelled diatoms formed separate diatomite laminae. Due to the rapid sedimentation,
the filling-up of the crater lake occurred over a relatively short time. As such, the volcanic activity resulting in the formation
of the craters is not much older than the sediments of the lake. The age of the maar of Pula is ca. 4.25 Ma; the data for the
Varkeszd crater show large differences in age, ranging between 3 and 5.55 Ma (BALOGH et al. 1986). The distribution of the
alginite, the diatomite and the bentonite is restricted to the area of the Little Hungarian Plain and the Bakony (the maar
craters of Gérce, Egyhazaskesz8, Varkesz6 and Pula). According to JAMBOR (1996) the thickness of the formation is several
tens of metres; the maximum thickness attains 90m. Bentonite is still excavated in Egyhdzaskesz6, while in the mines of
Gérce and Pula alginite is periodically excavated.

PLIOCENE-PLEISTOCENE

Travertine (15Q)

Travertine occurs at many places in Hungary — what is more, its formation still occurs in the streams of mountainous
areas. Extensive occurrences are known in the area of the Gerecse and the Buda Hills. According to KELE (2009), the
travertines of both areas differ from those which are formed today from cold karst water; this is because the development of
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the former was related to thermal karst waters. The sedimentology and depositional conditions of the travertines are quite
diverse. In many cases they cemented the gravel-sand material of terraces into conglomerate, while at other places well-
bedded, frequently laminitic beds can be observed in them; however, massive, unlayered beds are known as well. The
investigations of KELE (2009) determined that the Gerecse is characterised by relatively low-temperature travertines, while
those of the Buda Hills are partly related to high-temperature thermal waters. According to KELE et al. (2011), the
precipitation temperature of the travertines of the Rézsadomb area of Budapest exceeded 20 °C — it could even have
attained 60—65 °C. The age of the thermal water activity is 350,000 years. However, most of the travertines of Buda were
also formed under lacustrine conditions (Urém Hill, Budakal4sz). Furthermore, cones were typically formed in the Gerecse
and in the Buda Hills (KELE 2009). The thickness of the travertine ranges between several metres and several tens of metres.
The oldest occurrences shown on the map were probably formed at the end of the Pliocene, while the youngest ones
developed during the Late Pleistocene. The rock has been mined since the Roman age. Travertine quarries currently operate
in the area of Siittd, in the Gerecse, and in the surroundings of Budakaldsz (in the Buda Hills).

PLEISTOCENE

Infusion loess, clayey loess (14Q)

The so-called infusion loess is the one among the many loess types that raises most questions. RONAI (1991) distinguished the
so-called loess-like formations from the “real” or “typical” loess types. These loess-like formations are dominantly made up of
silt-sized grains, and were deposited on a wet surface in still water. He also drew attention to the possibility of the secondary
redeposition of the dust which had fallen into the water. As a consequence, it is difficult to decide whether the fallen dust has
accumulated or the material was redeposited by the water. Staying strictly withthe definition of loess, these formations cannot be
considered loess formations. According to GYALOG (1996), the material of the infusion loess is aeolian dust which was deposited
in water, or material that was leached as a result of the water coverage. “Infusion loess” is more compacted than typical loess; its
carbonate content is less and it is mixed with fluvial sediments in the succession. The composition of the grains varies; locally,
the proportion of the sand is higher, while at other places this is the case withclay. According to PEcsI (1993), the carbonate
content is relatively high (10-20%). The map depicts only some patches and these are in the vicinity of the Tisza and Koros
Rivers. The thickness of this “loess” ranges between 0.5m and several metres. According to PECSI (1993), the infusion loess was
deposited during the last glacial (pleniglacial) period, juste fore the coldest and driest period.

The clayey loess is depicted on the map as 13Q, together with the other loess types of the loess sequence.

Loess sequence (loess, sandy loess, loessy sand, palaeosol — 13Q)

The study of the extremely diverse loess sequence known to occur everywhere in Hungary has a century-old tradition
within the geological-geomorphological research of the Quaternary (HORVATH, BRADAK 2014). According to the
lithological composition and the depositional environment, different types can be distinguished.

The “typical” loess is represented by unbedded, massive formations and was formed from wind-transported dust.
Dominantly, it is made up of silt-sized siliciclasts and its carbonate content is significant, sometimes being as much as30%.

The clayey loess, brown loess is primarily known to occur in the western part of the Transdanubian region. It was formed
in more humid areas. It is characterised by less carbonate content and higher clay content than the typical loess. It is partly
made up of fallen dust, partly of the redeposited material of the slopes. KAISER, GYALOG (2005) assigned to this type the
loess types described as clayey loess, loess-loam, brown earth and glacial loam.

The slope loess is mainly a weakly-bedded or medium-bedded formation, composed partly of redeposited slope
material and partly of fallen dust. It forms sand-silt beds, alternating frequently with granules to fine gravels, locally, coarser
gravel beds. The slope loess forms lenses or thin bands, and possibly also some several metres-thick intercalations in the
typical loess; or it may form its underlying rock.

The sandy loess, loessy sand is generally made up of fallen dust and wind-blown sand as well as locally, redeposited
deluvial material. The infusion loess is described in detail at formation “14Q”.

As aresult of soil formation beginning in the interval periods of the loess formation, palaeosol horizons may divide the
loess sequences. In the older loesses red, mediterranean-type soils are characteristic, while in younger loesses brown forest
soils are a typical feature; in the youngest loesses chernozem-type soils are a distinguishing presence.The carbonate content
of the loess, precipitated as a result of soil formation and due to the effect of the groundwater, forms carbonate concretions
(so-called “loess dolls™) within the loess.

The maximum several cm-thick fephra layers were formed by the accumulation of the material from distant volcanic
eruptions. These layers are important index horizons (HORVATH 2001 ).
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The respective thicknesses of the loess sequences are extremely diverse. The thickest loess sequence in Hungary is found
in the Tolna Hills (KoLOSZAR, MARsI 2010). Its thickness here is 97m. However, at many places a loess sheet only 2-5 m-
thicks covers the older beds Loess are the most extensive superficial formation in Hungary. It occurs on some part of the area
of every region. In the Transdanubian region it mainly occurs in the Alpokalja — Vas Hills, in the Zala, Somogy, Tolna and
Baranya Hills, as well as in the Mez6f6ld. East of the Danube it covers large areas on the northern margin of the
Danube-Tisza Interfluve (G6dolls Hills), especially in its southern part; it also occurs on the loess plain of Bacska, and on
the Hajdudhét in the Tiszantidl Region. Loess is present in the inner and marginal parts of the Hungarian Central Range as
well. The oldest loesses of Hungary are around 1 million years old (KoLOSZAR, MARsI 2010), while the youngest ones are
ca. 14-15 thousand years old (THAMO-B0ozs0 et al. 2010).

Proluvial sediments (12Q)

The formation of the proluvial sediments (alluvial fans) which occur in the direct foreland of the valleys on the southern,
south-eastern margin of the Hungarian Range is related to periodic watercourses. The coarse debris that partly makes up the
alluvial fans consists of clasts of varying roundness and size (for example, there are blocks which attain 1 metre diameter).
The source of the clasts was the large amount of debris on the surface of the mountains. This debris was formed in cold
weather as a result of frost weathering. The large proluvial alluvial fans were mostly formed in the forelands of the dolomite
and volcanic mountains (the margin of the Keszthely Mountains, the Varpalota Basin, SE margin of the Vértes, southern
margin of the Matra, and the Biikk). The thickness of the formation ranges between 1 and 25m. Alluvial fans were formed
from the Early Pleistocene until the Holocene. According to KAISER, GYALOG (2005), alluvial fans were formed on the top
horizon of the Cserehdt in the Early Pleistocene, while in the forelands of the Métra and the Biikk they developed during the
Early and Middle Pleistocene. Since then these sediments have been redeposited by slope movements. In the foreland of the
Transdanubian Range most of the depicted alluvial fans were formed during the Late Pleistocene (BuDAI et al. 1999,
THAMO-B0zS0 et al. 2010).

Red clay, variegated clay (Lower—-Middle Pleistocene — 11Q)

The brick red to grey variegated clay and red clay beds are eluvial formations; these formationswere slightly redeposited,
partly by slope movements. They primarily occur in hilly areas.They are generally overlain by loess and thus they rarely
occur on the surface. The map depicts the outcrops of the red clays of the Pest Plain around Kistarcsa and Magléd. The
thickness of the red and variegated clay beds varies between several metres and several tens of metres (GYALOG 2005). The
red and variegated clay depicted on the map is of Early and Middle Pleistocene age.

Fluvial sediments (Lower—-Middle Pleistocene — 10Q)

The Lower—Middle Pleistocene fluvial sediments comprise the remnants of alluvial fans, basins and terraces; these
formations are made up of series of gravel, pebbly sand, sandy gravel and sand beds. They mostly occur in patches and in
few casesthey can be followed to a significant extent. The old Pleistocene fluvial formations depicted on the map are all
found in the Transdanubian region, with the exceptions of one occurrence along the Ipoly, and another on the Pest Plain.
Significant occurrences include the oldest terrace remnants of the alluvial fan of the Danube on the Kisalfold (Little
Hungarian Plain), the gravel sheet of the Rdba on the Kemeneshit, as well as the remnants of the old terraces of the Danube
on the Gyo6r—Tata terrace region and in the Gerecse. One of the oldest known Lower Pleistocene gravel occurrences is
located next to Varoshidvég. Here, a rich fossil assemblage has been exposed from the remnants of the gravel basin of
Kenese—Viaroshidvég, as described by Loczy (1913) and KroLoprp (1978). The old fluvial sequences are usually highly
denuded. Fluvial successions of significant thickness (exceeding even 20m) occur on the alluvial fan of the Kisalfold (Little
Hungarian Plain) and in the northern foreland of the Gerecse, where the travertine deposited on the terrace protected it from
erosion. The age of the old fluvial sediments has been determined by the vertebrate and mollusc fauna record. The
deposition of the formations occurred during the Early and Middle Pleistocene, but in the case of the terraces of the Gerecse,
it can also be assumed that the deposition had already started at the very end of the Pliocene.

Fluvial sediments (Middle-Upper Pleistocene — 9Q)

To this category belong the Middle and Upper Pleistocene fluvial alluvial fans, and the piedmont foreland fluvial
sediments and terraces. They are made up of successions of varying grain size (from gravel to clayey beds), the thickness of
which is several metres to several tens of metres. The thickest examples are the terraces of the Danube and the successions
of the Tiszantul. On the geological map, sediments depicted as Middle and Upper Pleistocene fluvial sediments occur on
the Little Hungarian Plain, in the Tiszdntdl Region and in the southern foreland of the North Hungarian Mountains. The age
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of the depicted formations, primarily in the Tisz4ntil Region, is younger than Middle-Late Pleistocene (the age shown in
the legend). According to the most recent studies, the age of the alluvial fan of the Maros River is Holocene to Late
Pleistocene (SUMEGHY et al. 2013).

Fluvial-aeolic sand (Upper Pleistocene — 8Q)

This formation is made up of alternating aeolian and fluvial beds, fluvial beds locally affected by aeolian redeposition,
and barely moved aeolian accumulations, composed of fluvial sand. The fluvial-aeolian sand is characteristic of the
Transdanubian region. East of the Danube it is depicted on the Pest and on the Solt Plains, as well as in the G6do116 Hills.
Its typical thickness is 5—10m (Kaiser, GYALOG 2005). The age is usually Late Pleistocene or, infrequently, Holocene.

PLEISTOCENE-HOLOCENE

Slope (deluvial, slide, collapse, solifluction) formations (7Q)

This group includes formations of diverse lithology, which are found in all hilly and mountainous regions of Hungary.
Slope sediments formed on solid rocks are mostly characteristic on volcanic areas, where they consist of the coarse blocks
of the periglacial block streams that were formed in the cold periods of the Pleistocene. Smaller and larger landslides and
rock falls are also characteristic of the steep slopes of solid rocks. On the Palacogene and Neogene loose sediments of the
hilly lands, as well as in the walls of the valleys of the extensive loess areas, various scales of large landslides (frequently
several hundreds of metres), rotational slides and mudflows shaped the terrain. As a result of the rill erosion and surface
erosion over a large area, on the lower section of the slopes deluvial sediments accumulated. Among the geological hazards
still present today, the largest damage in Hungary is caused by slope movements. In recentdecades significant damage has
been caused by the movements of the bluffs of Lake Balaton (e.g. Fony6d, Balatonkenese), and those of the Danube (e.g.
Dunaf6ldvar, Dunaszekes6); furthermore, a similar type of damage has been caused bythe movement of the slopes of
Holléhéza in the Zemplén Mountains. The age of the movements is Pleistocene to Holocene (including the present).

Drift sand (6Q)

In the dry periods of the Pleistocene and the Holocene, the erosional effects of wind processes were extremely high on
the extensive Transdanubian surfaces of the sediments of Lake Pannon, and on those of the alluviation of rivers associated
with the lake; these processes also affected the highly sandy terraces, alluvial fans and floodplains of the Quaternary rivers.
Sand movements occurred in multiple phases and over large areas in the 19" and 20" centuries. The last, currently still more
or less active dunes around Agasegyhéza are under protection. The largest wind-blown area is the Kiskunsag, the sand
material of which was transported here by NW winds. These winds broke into the Carpathian Mountains through the so-
called Dévény Gate, between the Alps and the Carpathian Mountains. As a result of the NW winds, several smaller wind-
blown areas were also formed in Transdanubia: on the terraces of the Danube, in the western foreland of the Transdanubian
Range, and in the Bels6-Somogy. The second largest wind-blown sand region is located in NE Hungary, in the Nyirség. As
a result of the N-NE winds, on the surface of the alluvial fan of the rivers coming from the Carpathians and North
Transylvania, in multiple phases intensive sand movements occurred during the Late Pleistocene and the Holocene (BORSY
1977). The movement of the sand was much more general on the area of Transdanubia during the Pleistocene and the
Holocene, as proven by the abraded rock surfaces and also by the large amount of ventifacts; the latter are mostly known
around the Transdanubian Range, the Borzsony and the Cserhat (JAMBOR 1992). More recently, their occurence has been
pointed out in the southern foreland of the Mecsek as well — in fact, more frequently than previously thought (SEBE 2013).

HOLOCENE

Paludal sediments (5Q)

Paludal sediments occur in all regions of Hungary. Peat, clay of diverse organic material content, silty clay, and silt beds
are found in Transdanubia on the floodplains of the Little Hungarian Plain, and on the Great Plain sections of the Danube,
around Lake Fertd, in the so-called meridional valleys of the River Zala, and in the depressions of the south-eastern foreland
of the Transdanubian Range (Vindornya Basin, Balaton area, Sarrét, Csikvarsai-rét, and the Lake Velence area). In the
North Hungarian Mountains only extremely small occurrences are known and these are not depicted on the map. On the area
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of the Alfold (Great Hungarian Plain), paludal formations were deposited between the sand dunes of the Kiskunsag — that
is, on the floodplain area of the Solti-siksdg (plain). In addition, large areas are also covered by the sediments of the one-
time Ecsedi-1ap (bog). The thickness of the paludal beds is several metres; the age is usually Holocene.

Lacustrine sediments (4Q)

Lacustrine sediments are dominantly made up of fine-grained sediments (clay, silt, silty sand) and calcareous mud.
Characteristically, they occur in two environments. On the shores of large lakes, which were exposed to wind-induced wave
action, sand bars were formed. The largest series of such sand bars are located between the Balaton and the Nagyberek. The
largest uninterrupted occurrences are found around the three large lakes (Balaton, Lake Fert6 and Lake Velence) of the
Transdanubia. Other significant areas of lacustrine sediments on the Great Plain are the wind-blown sand areas of the
Nyirség and the Kiskunsag. In the depressions between the dunes, sediments of small lakes are frequently found. Lacustrine
sediments have also been distinguished on the large floodplains. The thickness of the lacustrine succession is some
decimetres, up to 10m (for example Balaton). The age of the lacustrine beds known on the surface is usually Holocene.

Fluvial sand, gravel (3Q)

Fluvial sand and gravel form most of today’s river channels and the material of many valley floors. Locally, young gravel
terraces have alsoformed. Young fluvial sediments occur over the entire area of Hungary; these occur in their most extensive
form in the valleys of the Danube, the Tisza, the Réba, the Saj6 and the Herndd. The thickness of the Holocene fluvial
sediments varies significantly, ranging between thin valley floor fillings up until successions with a thickness of up to 10m.

Fluvial sediments (2Q)

The map depicts the mostly fine-grained (clay, silt, sand) formations of the youngest Holocene-recent floodplain and
valley floor surfaces among the Holocene fluvial sediments.

Anthropogeneous banks, mine dump, slurry (1Q)

Underground and open-pit mining carried out in recent decades has resulted in the formation of many mine dumps in the
mining areas of the Hungarian Mid-Mountains. These objects have changed the landscape. On a less-detailed map their
depiction is on the one hand unnecessary, and on the other hand, due to their relatively small size, it cannot be easily
achieved. Further difficulties arise from the fact that their patches on the map could cover (geologically) more important
formations. For these reasons the map shows only two objects, indicating the existence of these anthropogenic features.
These are the open-pit lignite mine of Biikkdbrany and the open-pit mine dump of the Eocene brown coal of the Vértes.
During the processing of the mining raw materials large-volume waste material may be formed. One notable example is the
“red mud” — this is a by-product of bauxite processing, for the storage of which large mud reservoirs have been built. The
map depicts one of these mud ponds — that of Almadsfiizitd. Other anthropogenic fillings are not depicted, although on most
parts of the inhabited areas several metres-thick artificial filling covers the original surface. At the same time, however,
roads and railways shown on the map can be interpreted as fillings.
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Balatonfelvidék Sandstone Formation (3P) 8,16
Balatonf6kajar Quartz Phyllite Formation (OS) 12
Béntapuszta Formation (28M) 35, 36,37
Bényahegy Radiolarite Formation (4J) 10, 24
Bar Basalt Formation (MQ) 52
Baské Andesite Formation (8M) 44
Becske Formation (31M) 34,35
Bencehegy Microgabbro Formation (SD) 13
Bersek Marl Formation (8K) 8,26
Berva Limestone Formation (11T) 10, 20
Boda Claystone Formation (5P) 11, 16
Bdédvalenke Limestone Formation (12T) 10, 19
Bédvaraké Formation (12T) 10, 19
Bdédvaszilas Sandstone Formation (20T) 10,17, 18
Bédvavolgy Ofiolite Formation (2P) 10, 16
Borsod Gravel Formation (4M) 46, 47
Borsodbéta Formation (17M) 41
Brennberg Brown Coal Formation (27M) 36, 37
Bretka Formation (28M) 34,35
Buchenstein Limestone Formation (12T) 8,19
Buda Marl Formation (2EOI) 29, 30, 31, 32
Budafa Sandstone Formation (25M) 37,38, 40
Budafok Sand Formation (30M) 35
Budakeszi Picrite (5K) 27
Budaors Dolomite Formation (11T) 8,20
Biikhegy Marble Formation (2D) 9,14, 13
Biikkalja Lignite Formation (MPI) 45,49, 50, 51
Biikkfennsik Limestone Formation (11T) 10, 20
Biikkzsérc Limestone Formation (3J) 24
Csakanykd Andesite Formation (21M) 38
Csakberény Formation (5T) 8,21
Csakvar Clay Marl Formation (3M) 46,47,48, 50

Csatka Formation (101) 31, 32, 33, 39, 46, 48
Csehbanya Formation (4K) 8,27
Cserdi Sandstone Formation (6P) 11, 16
Cserehat Rhyolite Tuff Formation (7M) 44
Csernelyvolgy Sandstone Formation (4D) 13
Csernye Formation (4E) 28,29, 30
Csipkéstetd Radiolarite Formation (3J) 24
Csokak6 Limestone Formation (1J) 25
Csokas Formation (OIM) 32,33,34
Csolnok Clay Marl Formation (4E) 28,29, 30
Csopak Formation (20T) 8,17
Cs6var Formation (1T) 8,22
Csukma Dolomite Formation (16T) 11, 18, 20
Dachstein Limestone Formation (1T) 8,22,25

Darné Conglomerate Formation (26M) 36

Derenk Limestone Formation (12T) 10, 19
Dias Gravel Formation (4M) 46, 47
Dobog6kd Andesite Formation (14M) 41,42
Dorog Formation (5E) 28,29
Drift sand (6Q) 55
Dubicsany Andesite Formation (8M) 44
Dunnatet6 Limestone Formation (12T) 10, 19

Edelény Variegated Clay Formation (6M) 36,43, 44,45

Ederics Limestone Formation (4T) 8,20
Eger Formation (OIM) 32,33,34
Egyhézasgerge Formation (25M) 37,38
Erd6bénye Formation (9M) 43
Fehérk6 Limestone Formation (11T) 10, 20
Feketehegy Formation (3T) 22
Felnémet Rhyolite Tuff Formation (7M) 44
FelsGcesatar Greenschist Formation (JK) 26
Fels6ényarad Formation (30M) 35
Fels6ors Limestone Formation (12T) 8,19
Felsotarkany Limestone Formation (7T) 10, 20, 21
Fert6rakos Crystalline Shist Formation (2Pz) 12
Fluvial sand, gravel (3Q) 55
Fluvial sediments (Holocene) (2Q) 56

Fluvial sediments (Lower-Middle Pleistocene) (10Q) 54
Fluvial sediments (Middle—Upper Pleistocene) (9Q) 54

Fluvial-aeolic sand (8Q) 55
Fonyasz6 Limestone Formation (2J) 11,25
Fét Formation (25M) 37,38,39
Fiile Conglomerate Formation (1C) 15
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Fiired Limestone Formation (12T) 8,19
Fiizesarok White Shist Formation (1Pz) 12
Galgavolgy Rhyolite Tuff Formation (7M) 44,45
Gant Bauxite Formation (6E) 28,29
Garab Schlier Formation (23M) 37,38
Gémhegy Dolomite Formation (4T) 8,21
Gerennavar Limestone Formation (20T) 10, 17
Godolyebérc Amphibolite Formation (2Pz) 12
Gutenstein Formation (17T) 10,17, 18
Gyongyodssolymos Rhyolite Formation (22M) 38
Gyulafiratét Formation (11M) 40,42,43, 48
Gyulakeszi Rhyolite Tuff (29M) 35,37,38,44
Gylirifi Rhyolite Formation (7P) 11, 15
Hallstatt Limestone Formation (7T) 20
Hamor Dolomite Formation (16T) 10, 18
Harsany Rhyolite Tuff Formation (7M) 44
Harshegy Sandstone Formation (301) 31,32,33
Hasznos Andesite Formation (24M) 37
Hegyestet6 Formation (7T) 10, 20, 21
Hernéadvolgy Clay Formation (6M) 45
Hetvehely Dolomite Formation (17T) 11,17, 18
Hidas Brown Coal Formation (18M) 40,43, 48
Hidasivolgy Marl Formation (9K) 26
Hidegkiit Dolomite (20T) 8,17
Hidvégard6 Complex 10, 16
Hidvégard¢ olistostrome (TJ) 22
Hierlatz Limestone Formation (6J) 8,23
Holdvildgarok Dacite Tuff Formation (15M) 41
Hosszihetény Marl Formation (6J) 11
Hosszivolgy Basalt Formation (5)) 24
Tharkut Formation (301) 31,32
Infusion loess, clayey loess (14Q) 53
Iszkahegy Limestone Formation (17T) 8,17, 18
Isztimér Limestone Formation (6J) 8,23
Jakabhegy Sandstone Formation (19T) 11, 17
Jakoé Marl Formation (2K) 8,28
Kalla Gravel Formation (4M) 46,47,48,50
Kantavar Formation (13T) 11, 19
Kapolcs Limestone Formation (1M) 45,49, 50
Karancs Andesite Formation (21M) 38
Kardosrét Limestone Formation (6J) 8,23
Karolinavolgy Sandstone Formation (6T) 11, 21
Kas6 Formation (8P) 11,15
Kecskehat Limestone Formation (6J) 11, 24
Kékes Andesite Formation (14M) 38,41
Kisbér Gravel Formation (4M) 46
Kiscell Clay Formation (201) 32,33,34
Kisfennsik Limestone Formation (11T) 10, 20
Kisgerecse Marl Formation (6J) 8,23
Kishat Limestone (6J) 8,23
Kisrét Limestone Formation (13T) 19
Kistijbanya Limestone Formation (2J) 11,25
Komlé Calcareous Marl Formation (6J) 11, 24
Korpad Sandstone Formation (8P) 11,15
Kosd Formation (5E) 28,29, 30
Kozard Formation (13M) 40,42, 48
Kornye Limestone Formation (7K) 8
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Kossen Formation (3T) 8,22
K&szeg Quartz Phyllite Formation (7J) 23

K6vagdsz616s SandstoneFormation (1P) 11, 16
Koveskal Dolomite Formation (20T) 8,17
Labatlan Sandstone Formation (8K) 8,26

Lacustrine sediments (4Q) 56
Lajta Limestone Formation (19M) 38,39,40,42,43

Lapis Limestone Formation (17T) 11,17, 18,20
Lazbérc Formation (6C) 9,14
Létras Metabasalt Formation (8T) 10, 20
Ligeterdd Gravel Formation (26M) 36, 37,40
Litér Metabasalt Formation (OD) 13
Loess sequence (loess, sandy loess, loessy

sand, palaeosol) (13Q) 53
Loékit Radiolarite Formation (2J) 8,25
Lovas Slate Formation (OD) 13
Lokvolgy Formation (47]) 10,24
Magasborzsony Andesite Formation (14M) 41
Magyaregregy Conglomerate Formation (9K) 11,26
Main Dolomite Formation (4T) 8,21,22,25
Milyinka Formation (3C) 10, 14, 15
Miény Sandstone Formation (OIM) 31,32, 33,34
Marévar Limestone Formation (2J) 11,25
Mariakéménd Limestone Formation (6J) 24
Mityashegy Formation (1T) 8,22
Mecsek Andesite Formation (24M) 34
Mecsek Coal Formation (9J) 11,23
Mecsekjanosi Basalt Formation (10K) 11, 26
Mecseknadasd SandstoneFormation (6J) 11,24
Megyehegy Dolomite Formation (16T) 8, 18
Mészhegy Sandstone Formation (10T) 11,20
Mogyorésdomb Limestone Formation (2J) 8,25
Moénosbél Group (3J) 24
Moéragy Granite (5C) 11, 12, 13
Nadap Andesite Formation (1EOI) 29,31
Nadaska Limestone Formation (12T) 10, 19
Nagyalfold Variegated Clay Formation (MPI) 50, 51
Nagyharsany Limestone Formation (7K) 11, 26, 27
Nagyhdrsas Andesite Formation (21M) 38,41,43
Nagykd Limestone Formation (7T) 10,20, 21

Nagyoroszi Gravel Formation (20M) 39

Nagyvéazsony Limestone Formation (1M) 45,49, 50
Nagyvisny6 Limestone Formation (4P) 10, 16
Nagyvolgy Dacite Tuff Formation (15M) 39,41
Nekézseny Formation (1K) 9,28
Obénya Limestone Formation (2J) 11,25
Obarok Bauxite Formation (401) 31,32
Obrennberg White Schist Formation (1Pz) 12
Ofalu Group (3Pz) 11,12
Osi Variegated Clay Formation (3M) 47,48
Padrag Marl Formation (2E) 29,30
Palihalas Limestone Formation (2J) 8,25

Paludal sediments (5Q) 55

Patacs Siltstone Formation (18T) 11,17
Pénzeskiit Marl Formation (6K) 8,27
Perkupa Anhidrite Formation (2P) 10, 16
Pétervasara Sandstone Formation (31M) 34,35



Pisznice Limestone Formation (6J) 5,8,23
Polany Marl Formation (2K) 8,28
Polgérdi Limestone Formation (3D) 13
Po6tschen Limestone Formation (7T) 10, 20, 21
Proluvial sediments (12Q) 54
Pula Alginite Formation (PI) 52
Pusztamiske Formation (20M) 39, 40
Régyincsvolgy Formation (4D) 9,13
Rakaca Marble Formation (7C) 9,14
Rakacaszend Marble Formation (7C) 9,14
Recsk Andesite Formation (1EOI) 29,31,32,34
Red clay, variegated clay (Lower—Middle

Pleistocene) (11Q) 54
Reifling Limestone Formation (12T) 10, 19
Rékavolgy Siltstone Formation (6J) 11,24
Répashuta Limestone Formation (7T) 20
Révfiilop MetaandesiteFormation (OD) 13
Rezi Dolomite Formation (3T) 8,22
Roékahegy Dolomite Formation (17T) 11, 18, 20
Rudabdnya iron ore-bearing beds (17T) 9,17, 18
Sajovolgy Formation (11M) 42,44, 45
Salgétarjan Brown Coal Formation (27M) 36,37
Salgévar Basalt Formation (MQ) 52
Séndorhegy Formation (5T) 8,21
Satoraljatijhely Rhyolite Tuff Formation (16M) 41
Sédvolgy Dolomite Formation (4T) 8,21
Slope deposits (7Q) 55
Somlé Formation (2M) 45,46, 47, 48, 49
Somssichhegy Limestone Formation (2J) 11, 25
Sopronbdnfalva Gneiss Formation (2Pz) 12
Steinalm Limestone Formation (16T) 10, 18
Strazsahegy Formation (4D) 9,13
Szék Clay Marl Formation (3M) 46,47, 48, 49
Szarhegy Radiolarite Formation (12T) 10, 19
Széarsomly6 Limestone Formation (2J) 11,25
Szarvaskd Basalt Formation (5]) 24
Szaszvar Formation (30M) 35,37
Szécsény Schlier Formation (OIM) 32,33, 34,35, 36
Szendrd Phyllite Formation (4C) 9, 14
Szendrélad Limestone Formation (2D) 9,14
Szentistvdnhegy Metaandesite Formation (15T) 10, 18
Szentivanhegy Limestone Formation (2J) 8,25
Szentjanoshegy Limestone Formation (14T) 10, 19
Szentlélek Formation (4P) 10, 16
Szépvolgy Limestone Formation (1E) 29, 30, 31
Szerencs Rhyolite Tuff Formation (7M) 44,45
Szilagy Clay Marl Formation (17M) 38,40,41,42
Szilvasvarad Formation (4C) 10, 14, 15
Szin Marl Formation (20T) 10,17, 18
Szinpetri Limestone Formation (20T) 10, 17
Szinva Metabasalt Formation (8T) 10, 20
Sz6c Limestone Formation (1E) 29,30, 32

Sz6l6sardé Marl Formation (5T) 21
Szuhogy Formation (26M) 36
Szurdokpiispoki Formation (9M) 43
Tagyon Formation (16T) 8,18
Talidand6rdogd Marl Formation (SM) 45, 46, 50
Tapolcsany Formation (4D) 9,13
Tar Dacite Tuff Formation (22M) 37,38, 41, 44
Tard Clay Formation (201) 30, 31, 32,33
Tardos Gabbro Formation (5J) 24
Tata Limestone Formation (7K) 8,22,26
Tekeres Schlier Formation (23M) 38, 39,40
Telekesoldal Complex (8J) 10, 23
Telekesvolgy Complex (8)) 10, 23
Templomhegy Dolomite Formation (16T) 11
Tés Clay Marl Formation (6K) 8,27
Tihany Formation (2M) 46,47, 49, 50, 51
Tinnye Formation (12M) 42,46
Tokod Formation (3E) 29,30
Tornaszentandras Shale Formation (9T) 10, 20
Torony Lignite Formation (2M) 49, 50, 51
Tolgyhat Limestone Formation (6J) 8,23,25
Torokbalint Sandstone Formation (OIM) 32,33,34
Torokbiikk Limestone Formation (6J) 8,23
Travertine (15Q) 52
Tiizkovesarok Limestone Formation (6J) 8,23
Ugod Limestone Formation (3K) 8,27
Uppony Limestone Formation (3D) 9,13
Urkdt Manganese Ore (6J) 24
Végashuta Dacite Tuff Formation (15M) 41
Varhegy Formation (15T) 10, 19
Vasas Marl Formation (6J) 11,24
Vaskapu Formation (3J) 24
Vészoly Formation (12T) 8,19
Velem Calc-Phyllite Formation (JK) 23,26
Velence Granite Formation (2C) 15
Verebeshegy Limestone Formation (7C) 9,14
Vértessomlo Siltstone Formation (6K) 8
Veszprém Marl Formation (5T) 8,21
Vessz6s Formation (5T) 21
Viganvér Limestone Formation (17T) 11, 18
Villany Limestone Formation (2J) 11,25
Vilyvitdny Mica Schist Formation (4Pz) 12
Vizsoly Rhyolite Tuff Formation (7M) 44
Voroshid Mica Schist Formation (1Pz) 12
Vorosté Formation (10M) 43
Wetterstein Limestone Formation (11T) 10, 20
Zagyva Formation (MPI) 49, 50, 51
Zagyvapalfalva Formation (31M) 34
Zamor Gravel Formation (4M) 46,48
Zirc Limestone Formation (7K) 8, 26,27
Zobohegyese Formation (6C) 14
Zuhénya Limestone Formation (12T) 11, 19, 20
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