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I. STRUCTURAL OUTLINE OF HUNGARY

1. CHARACTERISTICS OF THE EARTH’S CRUST AND OF THE GEOTHERMAL GRADIENT BELOW HUNGARY AND
THEIR LINK TO THE FORMATION OF LOWLANDS

The recent image of Hungary is determined by two lowlands occupying about 70% of the territory of the country. These
are the Great and Little Plains, which started to be formed only 19 million years ago, in the Miocene. Their formation
was affected by two factors: by an earlier extensional lengthening of the crustal and mantle lithospheres and by a later
mantle diapir (dome-like protrusion), which thinned from below the mantle lithosphere, which reacted by isostatical
sinking.

Basaltic lava  originating from the mantle formed several volcanic cones in the vicinity of the Balaton Highlands such as
the Badacsony, Kab-hegy, Somló, etc. (Fig. A1.1) and in northern Hungary around Salgótarján (Karancs, Medves).

Fig. A1.1. Pliocene basalt  of the Hegyes-tű at  Zánka (Balaton Highland) [i]

Because of the thinning of the lithosphere (Fig. A1.2) the average thickness of the Earth’s crust below Hungary is only
25–28 km (Fig. A1.3), however the geothermal gradient is very high (5–6 C°/100 m). Due to this Hungary is very rich in
geothermal energy (Fig. A1.4). The two great isostatic plains are filled by Quaternary (Fig. A1.5), Pliocene and Upper
Miocene (Pannonian, Fig. A1.6) sediments, 1–8 km in thickness.



Fig. A1.2. Thickness of lithosphere (in km) beneath the Pannonian Basin and the surrounding areas [ii ]

Fig. A1.3. Crustal  thickness (in km) beneath the Pannonian Basin and the surrounding areas [iii]



Fig. A1.4. Temperature of water in 1000 m depth beneath the Great Hungarian Plain [iv]

Fig. A1.5. Thickness of Quaternary sediments and uplift of particular  territories, respectively, in Hungary (in m) [v]



Fig. A1.6. Thickness of Pannonian sediments (in m) in Hungary [vi]

Middle Miocene deposits below Pannonian rocks still indicate their recent position in that time, however the distribution
and facies of Lower Miocene and older deposits (Fig. A1.7) cannot be explained based on the actual geography.

Fig. A1.7. Pre-Cenozoic structural units in the basement of Hungary [vii ]

2. FORMATION OF THE PRE-MIOCENE AND PRE-TERTIARY SUBSTRATE OF HUNGARY

The paleogeography and structural development of pre-Middle Miocene deposits can be modelled much more easily
by applying the theory of plate tectonics. According to this theory, the territory of Hungary (and its vicinity) was



 

amalgamated 16–20 million years ago from different crustal blocks (microcontinents) having arrived from different
directions.

These crustal fragments moved into the territory of the so-called Magura Ocean, which was mostly subducted below
the microcontinents. This is demonstrated by the widespread andesitic-rhyolitic volcanism of the Carpathian Basin
(Mátra, Börzsöny, Tokaj Mountains, etc., Fig. A1.8). Cretaceous and Paleogene flysch deposits on the top of the
Magura Ocean were, however, pushed and folded multiple times in front of the two moving microcontinents, which can
be observed in the Outer Carpathians.

Fig. A1.8. Neogene volcanic rocks of the Carpathian Basin [viii]

One of the two crustal blocks built up of pre-Middle Miocene rocks of Hungary arrived from WSW. It moved at least
300 km and finally rotated about 90° counter-clockwise. This block, occupying the NW half of Hungary, is called
ALCAPA – an acronym from the Alps, (Northern) Carpathians and Pannonia.

The name of the other block, which arrived from S (and moved several hundred kilometres as well), is Tisia (or Tisza
Unit, Fig. A1.9). Recently it occupies the south-eastern half of Hungary, although originally, until  the Early Jurassic, it
belonged to Europe. From this time it became an independant microcontinent and swam first far to the South (Fig.
A1.10), from where it moved back starting from the end of the Eocene. At the end of its movement this block also
rotated about 90°, but clockwise.



Fig. A1.9. Movements of the ALCAPA and Tisia from the Late Eocene to the Middle Miocene [ix]



Fig. A1.10. Position of the Tisia in the Late Jurassic [x]
1. basins with  oceanic  basement,  2. direction of terrigenous transport in  the Early Triassic

3. THE PRE-MIOCENE AND PRE-TERTIARY STRUCTURAL ELEMENTS OF HUNGARY AND THEIR
CHARACTERIZATION

The nature and formation of the Mid-Hungarian Zone

This zone, which is the major pre-Pannonian structure of Hungary separating the ALCAPA and Tisia blocks, spreads
from Zagreb (Fig. A1.11) through Kaposvár, Tiszafüred, Nyírlugos and Satu Mare (Romania). The Mid-Hungarian zone
can be followed to about 1000 km in length. By its nature it is a dextral horizontal strike-slip, along which the
movement between the ALCAPA and Tisia can be estimated as about 400 km.



Fig. A1.11. Position of the Mid-Hungarian Zone (MH MU) in the Alpine-Carpathian-Dinaridic region [xi]

Although in some places the Mid-Hungarian zone is still active, major movements along it happened during the Late
Oligocene and Early Miocene. Thus, the ALCAPA and Tisia became amalgamated during the Middle Miocene.
Recently the Mid-Hungarian Zone is entirely covered by young sediments below the Great Hungarian Plain, Middle
Transdanubia and the Zala Basin. The internal structure of the zone is poorly known from some boreholes W of the
Danube. Therefore, we follow the traditional denomination of the zone as Mid-Transdanubian Zone.

Origin and structural elements of the ALCAPA

Of the two large crustal blocks bordering the Mid-Hungarian Zone (Fig. A1.12) the internal structure of the ALCAPA
(see above) is the more complex. Its Hungarian part is composed of at least four units (see below) if simplified. These
(together with other units outside Hungary) were in different places until  at least the middle (or rather until  the end) of
the Cretaceous and only at about the Cretaceous/Paleogene boundary were they amalgamated into one single crustal
block (having incorporated the later ALCAPA as well). Later, in the southern part of this block the Hungarian Paleogene
Basin came into being. Part of this basin moved toward ENE on top of the ALCAPA block, detached from the ″Pre-
ALCAPA" at about the middle of the Oligocene, whereas the other part of the basin was left in Slovenia and in the Mid-
Hungarian Zone (Fig. A1.9).



Fig. A1.12. Pre-Cenozoic structural units of Hungary with some important structural lines [xii ]

Based on their different Paleo-Mesozoic sequences and deformation/metamorphism histories, the Hungarian part of
the ALCAPA (already integrated in the Paleogene) can be subdivided into four units as follows (moving from NNW to
ESE).

1) The prolongation of Alps (the Sopron and Kőszeg Mountains, as well as buried Alpine units below the Little Plain)
can be found in NW Hungary.

2) The prolongation of the Western Carpathians consisting of the Ipoly crystalline block in North Nógrád, the Aggtelek-
Rudabánya Mts. in N Borsod and the Zemplén Inselselberg in the north-eastern part of Hungary. In some previous
models the latter was interpreted as a tectonic sliver having originally belonged to the Tisia but detached and puished
far to the NE by the ALCAPA.

In fact the Alps and Carpathians form a mutual prolongation, which can be demonstrated especially well along their
outer arches. The correlation of the internal zones becomes ever more uncertain, moreover these are largely covered
by young sediments. Therefore, the relation of the above Units 1 and 2 of the ALCAPA to each other is practically
unknown as yet.

3) The so-called Pelso Block (named after the Latin name of Lake Balaton) includes the Transdanubian Middle
Mountains and some blocks on the left bank of the Danube (Naszály, etc.). This block is called more precisely as
Transdanubian Range unit. Its eastern end is drawn at about the Zagyva river, although it is not known exactly. Based
on the newest data the Pelso Block is interpreted as the highest nappe of the Northern Alps. In previous interpretations
it was prolonged to the Periadriatic lineament, a thin zone between the Northern and Southern Alps.

The Pelso Block lies as a nappe (having formed in the middle of the Cretaceous) on Unit 1 (on the prologation of the
Alps). Their boundary, covered by young sediments, can be followed along the Rába river (formerly the so-called Rába
line was considered as a lateral strike-slip). The boundary with the Ipoly cristalline block of Unit 2 can be traced at the
line between Hurbanovo (Ógyalla) and Diósjenő. Because of the Oligo-Miocene activity of this line (covered as well), its
original nature (supposed to be also a Creataceous nappe-boundary) cannot be evaluated.

4) The Bükk zone of Southern Alpine and Dinaric affinity includes not only the Bükk Mts. and their prolongation below
young sediments but also the North Hungarian Paleozoic blocks consisting of the Szendrő and Uppony Mountains.

The relationship between the Bükk zone and the Pelso Block is unknown because their boundary is also covered by
young sediments. It maybe either a (?Late Cretaceous) nappe boundary (in this case the Pelso Block lies on the Bükk
zone) or a lateral strike-slip. Because of the coverage by young sediments, the character of the boundary with the Ipoly
cristalline block and with the Zemplén Inselberg of Unit 2 is also unknown. The Bükk zone contacts with the Aggtelek-
Rudabánya Mountains (of Unit 2) along the eastern branch of the so-called Darnó zone, which operated as a sinistral



strike-slip during the Late Oligocene to Early Miocene. It can be supposed that they came into the neighbourhood also
along horizontal movements, still at about the end of the Cretaceous. Meanwhile – since particular elements of the
nappe structure of the two units may be correlatable – it cannot be excluded that the uppermost nappe of the Aggtelek-
Rudabánya Mountains (belonging to the Internal Western Carpathians – see later) had overthrust onto the Bükk zone
as well.

Structural elements of the Tisia

The internal structure of the Tisia is less complex than that of the ALCAPA. It can be subdivided into three segments
(Fig. A1.12) as follows (moving from NW to SE):

1) The Mecsek zone with the Szolnok–Máramaros flysch zone lying upon it on the NE;

2) The Villány-Bihar zone;

3) The Békés-Codru zone.

The character of the boundaries between the above zones is not yet entirely clarified. They can be either lateral strike-
slips or rather (like in the Transylvanian Mid-Mountains forming the eastern margin of the Tisia) nappe boundaries,
especially between zones 2 and 3. Zones 1 and 2 could have been unified at about the beginning of the Miocene when
the flysch stopped being deposited in the Szolnok-Máramaros flysch zone. Zones 2 and 3 could have already been
accreted at about the end of the Cretaceous, since their nappe boundary in the Transylvanian Mid-Mountains is
covered by Upper Cretaceous molass deposits.

Az egyes lemezdarabok legalább a korai-miocén végéig külön életet élnek messze egymástól. Mivel azonban az
ALCAPA-ban részt vevő egységek valószínűleg már a kréta végére összeálltak egy (a későbbi ALCAPA-t is magában
foglaló) egységgé, a fentebb felsorolt egységek szerkezetfejlődésének történetét a kréta végéig külön, ezt követően
viszont együtt tárgyaljuk.

Particular units were far from each other, at least until  the end of the Early Miocene. Partial units of the ALCAPA could,
however, already be amalgamated to the end of the Cretaceous. Therefore, we discuss the depositional and structural
developmental history of the units listed above until  this time separately and then jointly.

 
      BIBLIOGRAPHY:

    [i] Photo:  Cs. Péró

    [ii] Horváth 1993

    [iii] Horváth 1993

    [iv] Rónai 1985

    [v] A. Rónai in  Fülöp 1989

    [vi] in  Fülöp 1989

    [vii] Haas et al. 2010

    [viii] Ravasz 1987

    [ix] Fodor et al. 1998

    [x] Based on Kovács 1982

    [xi] Haas et al. 2010

    [xii] Haas et al. 2010 with  small  additions and modifications

       Digitális Egyetem,  Copyright  ©  Less György,   2011


	digitalisegyetem.uni-miskolc.hu
	Geology of Hungary :: 1. Structural outline of Hungary


