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Megatectonic setting and geohistory of Hungary
JANOS HAAS

Introduction

Hungary lies in the central part of the Pannonian Basin surrounded by the Alps,
the Carpathians and the Dinarides (Fig. 1, 2).
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Fig.1 Megastructural subdivision of Europe (H. Stille 1924). 1: Strike of the Alpids. 2: Boundary of
arctogenic and meridiogenic folding. To the Precambrian nucleus of Europe (Eo-Europe)
three accretions have been added: Palaeo-Europe in the Caledonian phase, Meso-Europe in
the Hercynian phase and Neo-Europe in the Alpine phase.



Geological setting and structural features of this region are determined mainly by
the Alpine structural evolution manifested in the opening and subsequent closing of the
Mesozoic Tethys and by the Tertiary basin formation.

The Pannonian basin-system is an integral part of the Alpine realm. According to
Stille’s (1924) concept it belongs to Neo-Europe (Fig. 1, 2). The present-day geological set-
ting is a result of a multi-stage, complex evolution. This is a consequence essentially of
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Fig.2 Alpine Europe (J. Aubouin - M. Durand-Delga 1971). 1: foreland, 2: intracratonic mountains,
3: molasse foredeep basins, 4: internal molasse basins, 5: external zone, 6: flysch nappes, 7: in-
ternal zone, 8: scale.

the peculiar megatectonic setting of the area in the buffer zone of the European and the
African continental plates. In the last 250 million years rifting and collision processes re-
sulted in disruption of plate margins and break off of smaller and larger lithosphere
blocks. In the phases of the Alpine orogeny since the Cretaceous folding, nappe forma-
tion, and regional metamorphism have been accompanied and succeeded by strike-slip
motion and shearing of the lithosphere-chips. The recent mozaic-structure of the base-
ment of the Pannonian Basin (Fig. 3) came into being in this way.

In the Neogene after their large-scale reorganization the eastward lateral move-
ment of the lithosphere fragments was not blocked totally. Consequently deep grabens,
pull-apart basins came into being coevally with nappe formation in the outer zones of the
Eastern Carpathians. The extension and thinning of the crust led to accelerated sinking, a
process which resulted in the formation of large and deep depressions (Alf6ld, Kisalfold)
from the Late Miocene onward.

Our present-day concept on the structure and geohistory of the Pannonian Basin is
the result of more than hundred years research activity which was carried out by a lot of
workers. It was formed as well as modified as a result of debates and discussions always
influenced by the actual tectonic hypotheses. Following Suess’s nappe-concept Uhlig
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Fig.3 Structural units and subunits (Su) in and around Hungary.

(1907) assumed that the basement of the Pannonian Basin was built up by huge detached
nappes ("meganappes"). This idea provoked strong criticism of the Hungarian geologists
since according to their observations the structure of the Pannonian Basin and the "is-
land-mountains" within it significantly differed from the folded ranges of the Alps and
Carpathians. Kober (1921), Léczy sen. (1918) and a great number of their successors inter-
preted these differences by the so-called "median mass" concept. They assumed that the
basement of the Pannonian Basin was built up basically of crystalline rocks covered by
undeformed Mesozoic and Early Tertiary sequences deposited in the depressions of the
basement. During the Alpine orogeny the surrounding mountain ranges were squeezed
around this hard, cratonic core. Although the "median mass" hypothesis was criticized as
early as in the 30-es its essential principles determined the tectonic conceptions till the 60-
ies. Extensive geophysical measurements and drilling activity resulted in better under-
standing of the basement-structure as well as in progress of mobilistic thinking. The
plate-tectonics brought a profound change in the tectonic concepts only in the 70-ies. Re-
markably deformed and in the majority of the areas even nappe-structural nature of the

"island-mountains" and the bedrocks of the basins became evidenced (Ad4m et al. 1985,
Balla 1983, Balogh et al. 1984, Csontos 1989). It has been revealed too that the basement is
a mozaic of blocks of different build-up and geohistory (Wein 1969, 1978, Géczy 1973,
Majoros 1980, Kovdcs 1983, Kdzmér 1984, Fiilop et al. 1987, Balla 1988). Contem-
poraneously the concept that the Pannonian Basin is one of the types of the back-arc
basins also emerged (Horvath and Stegena 1977, Horvéth et al. 1981, Royden 1988) and
became generally accepted.

Megatectonic setting and structural units

Three major geohistorical periods are reflected in Hungary’s geology — a pre-Al-
pine evolutionary stage, difficult to reconstruct, connected with Central Europe’s Precam-
brian-Paleozoic history, — the Alpine stage including the Late Paleozoic, Mesozoic and
Paleogene evolution of the Tethys, with orogenic events (Eoalpine, Paleoalpine, Mesoal-
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pine) manifested in napped-folded tectonism and large-scale strike-slip movements, —
the Pannonian (Neoalpine) evolutionary stage lasting from the Early Miocene up to the
present; a period characterized by formation of small pull-apart basins and then of the
Pannonian Basin by high-amplitude subsidence. The young basins which basically deter-
mine the present-day geological setting and the physiography are filled up predomi-
nantly by fine-grained terrigenous sediments and locally by igneous rocks of significant
thickness. According to the development patterns of pre-Tertiary formations, the territory
of Hungary can be divided into the following megatectonic units (Fig.4).

Tisza Unit — To the South of the Mid-Hungarian lineament the Tisza Unit can be
outlined, including the Mecsek and Villdiny Mountains and their subsurface extension in
the basement of the Great Hungarian Plain (Alf6ld). It also includes the Apuseni Moun-
tains (W Rumania) and the Slavonian "island mountains" (Papuk, Psunj, Krndija,
Moslavnian Mts.). The high-grade polymetamorphic basement is covered by a Germano-
type Permo-Triassic continental-shallow marine sequence. It is followed by Jurassic and
Cretaceous series of different facies patterns enabling the distinction of the Mecsek,
Villiny and Békés Subunits. The Mecsek Subunit is characterized mainly by thick
Gresten-type Liassic, deep-water facies from the Upper Dogger with a Mediterranean fos-
sil assemblage and an intensive Lower Cretaceous submarine alkalic volcanism. The
Villdny (-Bihor) Subunit has a Jurassic sequence characterized by a great number of strati-
graphic gaps, and a Lower Cretaceous of Urgon facies. The Békés (-Codru) Subunit con-
tains Upper Jurassic to Lower Cretaceous dark shales. The Upper Cretaceous formations
of predominantly marine clastic development lie on the older deformed rocks of various
age with unconformity. Paleogene siliciclastic sequences of flysch facies are known only
in the subsurface part of the Mecsek Subunit (Szolnok Flysch Zone). Based on develop-
ment of the Paleozoic and early Mesozoic series the Zemplén Subunit in Northeastern
Hungary is considered to belong to the Tisza Unit, too.

Pelso Unit — Situated between the Raba-Diésjend Lines and the Mid-Hungarian
Fault Zone, the Pelso Unit is characterized by very low-grade and low-grade metamor-
phic marine Early Paleozoic formations, and continental and marine Late Paleozoic
sequences of South Alpine-Dinaric affinity. In the Mesozoic passive continental margin
formations are characteristic, but in certain subunits remnants of the oceanic basement
are known, too. The facies indicates Alpine-Dinaric relationship. Large-scale Eocene in-
termediary volcanism is an important and peculiar feature of the unit, what is unknown
in the Tisza Unit. The Pelso Unit can be devided into the following subunits: The Trans-
danubian Central Range Subunit can be characterized by terrestrial-marine Upper Per-
mian, multi-phase transgression from the Lower Triassic, intrashelf rifting accompanied
by volcanism in the Middle Triassic, thick peritidal carbonate sequences in the Upper Tri-
assic, intrashelf rifting with general trend of deepening in the Jurassic, tectonically forced
trans-regressive cycles in the Middle and the Upper Cretaceous and in the Eocene. The
Mid-Transdanubian Subunit consists of strongly tectonized heterogeneous blocks which
are known only from boreholes. Marine Permian and Triassic carbonate platform forma-
tions show Dinaric affinity. Slightly metamorphic deep-water marine sedimentary and
volcanic rocks were also found. The Biikk Subunit is constituted by a Late Paleozoic
marine sequence from which the Lower Triassic evolved with no break in sedimentation,
followed by a Middle and Upper Triassic of carbonate platform and intraplatform basin
facies and volcanites, and by Jurassic formations of schistes lustres type deposited in
deep-water slopes and basins as well as submarine basaltic volcanites. The Eocene and
the Oligocene sedimentary and volcanic sequences were deposited after the nappe forma-
tion.

West-Carpathian Units — Aggtelek-Rudabdnya (S.Gemer) Subunit: the upper
nappe includes Triassic of carbonate platform facies and deeper water Jurassic showing

North Alpine affinity. The lower nappes are composed of Middle and Upper Triassic of
slightly metamorphosed deep-water facies and a Jurassic of schistes lustres character sim-
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ilar to its counterpart in the Biikk Mts. North to the Diésjend Line crystalline complex of
the Vepor Unit extends into the country’s territory. It is known only from deep drilling.

Austro-Alpine Units — Penninic Unit: Jurassic to Lower Cretaceous metamor-
phites of greenschist facies in the Hungarian part of the Rechnitz Window (K&szeg Mts.
and its subsurface extension in the basement of the Little Hungarian Plain [Kisalf61d]).

Lower Austro-Alpine Unit: Paleozoic mesometamorphic formations known from the
Sopron Mts.

Upper Austro-Alpine Unit: very low to low-grade metamorphites known from the
basin substratum between the Répce and Rdba rivers, representing an extension of the
Graz Paleozoic series.

Structure evolution

The crucial points of the evolution-analysis of the Pannonian Basin are 1) the re-
construction of the original position and displacements of the structural units (terranes)
and 2) the interpretation of the Neogene basin formations. Naturally due to lack of rele-
vant data a lot of details of geohistory are not yet evidenced and a great number of signif-
icantly different hypotheses, interpretations are coexisting.

Pre-Alpine phase

Interpretation of the Pre-Hercynian geohistory is particularly difficult due to the
polyphase metamorphism and uncertain age determination. Polymetamorphic series of
the Tisza Unit were formed and metamorphosed first probably in the Cadomian or in the
Caledonian phase but their meso- and ultrametamorphic transformation took place in the
Hercynian phase. This metamorphic complex may have been situated on the margin of
the European craton. It was a part of the Meso-European, Hercynian belt and this situa-
tion remained almost unchanged until the Alpine rifting and ocean opening period in the
Mid-Jurassic.

Metamorphic Early Paleozoic rocks of the Pelso Unit and the Eastern Alpine Units
should have been deposited in the "Paleotethys" basin in the foreland of the African plate.
Early Paleozoic formations of the Lower-East Alpine nappes suffered metamorphic trans-
formations perhaps in the Caledonian phase but most probably in the Hercynian. The
Early Paleozoic sequences in the Transdanubian Central Range were slightly metamor-
phosed also in the Hercynian.

During the Hercynian orogenic phase as a result of the collision of the northern
and the southern continents the joining of the Pangea was completed by the Middle-Late
Carboniferous.

However, a comparatively narrow gulf survived between them. Here marine sedi-
mentation was practically continuous in the Carboniferous-Permian interval. The Biikk
Subunit (Bitkk Mts. and Szendr6 hills) may have belonged to this facies belt. It is charac-
terized by flysch sedimentation in the Middle Carboniferous and shallow siliciclastic and
carbonate accumulation in the Late Carboniferous. Development of the Uppony hills
(Northeastern Hungary) may represent the shallow shelf around the deeper, central part
of the bay, just like the Graz Paleozoic series. The clastic Upper Carboniferous rocks in
the Transdanubian Central Range and the coal-bearing formations of similar age in the
Villany Subunit were deposited probably in the external molasse basins (Fig. 5). In the
Early Middle Permian both in the area of the Tisza Unit (in the southern belt of the
European plate) and the territory of the Transdanubian Central Range (in the northern
zone of the African plate) due to continental rifting deep, narrow grabens were formed
and filled up by continental red beds and acidic volcanic rocks.

In the Biikk area which belonged to the axial zone of the Panthalassa Bay after a
short term gap a new sedimentary cycle began to develop: a shallow marine siliciclastic
— carbonatic — evaporitic complex, indicating the beginning of the Alpine evolution.
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Fig.5 Palaeogeographic situation of the NW and of the Alpine-Dinaric branch of Palaeo-Tethys in
the Middle Carboniferous (schematic reconstruction by S. Kovécs). 1: Flysch formation, 2: car-
bonate sedimentation on shallow shelf, 3: molasse sedimentation in post-Variscan basins, 4:
continental areas (early Variscian mountains), 5: present day structural units, 6: mafic volcan-
ism, 7: young shear zone, 8: strike of the Vardar zone, Szb: Szabadbattydn, No: Notsch, Eb:
Ebriach, Quph: Quartz phyllite.

Alpine phase
Within the Alpine phase the following stages can be distinguished.

1. Divergent stage i.e. polyphase opening of the Tethys (branches) from the Late
Permian to the Late Jurassic. The substages of the early evolution are enumerated below.

1.1 Pre-opening period from the Late Permian to the Middle Triassic.

The basement blocks were situated in various places of the large Panthalassa Bay
existing in between the northern (European) and southern (African) parts of Pangea.

On the moderately subsiding substratum in the external, i.e. coastal zone fluviatile,
lacustrine and deltaic sedimentation took place whereas in the bay on a shallow ramp sil-
iciclastics and /or carbonates were accumulated. The Biikk Subunit belonged to the inter-
val belt of the bay already at the beginning of this period. A significant part of the Trans-
danubian Central Range area was flooded only at the Permian-Triassic boundary,
whereas the external Tisza Unit was occupied by the sea at the beginning of the Middle
Triassic. By the middle part of the Anisian in every unit shallow carbonate platforms as
well as ramps were formed all along the western margin of the Panthalassa Bay of fairly
balanced topography.

1.2 Rifting and opening of the Vardar-Meliata oceanic branch in the Middle Triassic.

Disintegration of the platforms, formation of grabens and intraplatform basins and
in the vicinity of the axis of the opening appearance of basic and ultrabasic magmatites
characterize this substage. Tholeiitic rocks occur in the deeper nappes of the Aggtelek-
Rudabanya Unit together with deep-sea sediments. Segmentation of the platforms as well
as appearance of pelagic basin facies can be observed both in the uppermost nappe of the
Aggtelek-Rudabédnya Unit representing the European margin and the Transdanubian
Central Range as well as the Biikk Mts. representing the African shelf (Fig. 6).

In the Tisza Unit which was located in the external belt of the European shelf
segmentation of the margin did not disturbe the evolution trend in the carbonate ramp
and subsequently the rimmed shelf sedimentation was continuous.

1.3 Stabilization of the passive margin in the Late Triassic.

In the Carnian due to relief differentiation and a climatic change the terrigenous
input significantly increased in the W Tethyan region. The change in the sedimentation is
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Fig.6 Late Triassic (Norian) palaeogeographic position of the megastructural units of the basement
of the Pannonian basin and the surrounding area (Haas and Kovdcs 1992). TCT: Trans-
danubian Central Range, AG. U. Aggtelek — Rudabdnya Unit, E. U.: Stable Europe, L (M) E.
ALP : Lower (Middle) Austroalpine, U. AA.: Upper Austroalpine, DRZ : Drauzug, S. A. :
Southern Alps, IWC : Inner West Carpathians, M. T. : Mid-Transdanubian Unit, B.: Biikk
Unit, O. Din. : Outer Dinarides, I. Din. : Inner Dinarides.

particularly conspicious in the most external zone of the Tisza Unit (Mecsek Subunit)
where the predominantly siliciclastic sedimentation continued till the Early Jurassic. The
increase of the terrigenous influx led to the upfilling of the intraplatform basins in the
Transdanubian Central Range and to the accumulation of argillaceous sediments in the
pelagic basins in the Aggtelek-Rudabédnya and the Biikk Subunits.

In the Late Carnian as a consequence of upfilling of the intraplatform basins and
then the acceleration of the subsidence of the shelves large carbonate platforms were
formed and extremely thick peritidal-lagoonal carbonate sequences accumulated till the
latest Triassic or even in the Early Jurassic, too.

1.4 Opening of new oceanic branches in the Jurassic

In the Jurassic the Penninic oceanic branch began to open from the West prograd-
ing eastward.

Metamagmatites of the West Hungarian Penninic Unit in the K&szeg-Rechnitz
window originated from this oceanic branch. They are typical oceanic basalts.

Mafic and ultramafic rocks in the Biikk Unit probably indicate the survival of
spreading in the Vardar (-Meliata) ocean branch. Pelagic limestones, radiolarites and

shales with lithoclasts partly of shallow platform origin represent the sedimentary
sequence.

In the area of the Triassic carbonate platforms in originally neighbouring segments
of the Southern Alps, the Transdanubian Central Range, the Northern Limestone Alps
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and the Inner West Carpathians the disintegration of the shelves commenced as early as
the latest Triassic and was intensified in the Liassic. Uplifted blocks and deep grabens
were formed by normal faulting. The extension is also indicated by neptunian dykes. On
the elevated areas (submarine plateaus) condensed sedimentation with a great number of
hardgrounds was characteristic.

In the Middle-Jurassic in the Transdanubian Central Range Unit pelagic deep-sea
sedimentation prevailed just like in the Southern Alps or in the Northern Limestone Alps.
Radiolarites are the most typical sediments. In the Late Jurassic the pelagic ammonitico
rosso and the biancone (maiolica) facies are widespread. In the SW part of the Trans-
danubian Central Range (Bakony Mts) the formation of the maiolica facies continued in
the Early Cretaceous, too.

Coevally, in the NE part of the Transdanubian Central Range (Gerecse Mts) a
flysch-like redeposited siliciclastic series began to deposit. Minerals of ultrabasic origin in
this series indicate obduction of the Vardar oceanic basement.

In the position of the Tisza Unit a significant change occured during the Jurassic.
Lithologic features and fossil assamblages of the Lower Jurassic formations show definite
European affinity. The sedimentation was characterized by intense terrigenous input. In
the Middle Jurassic the terrigenous influx drastically decreased. Consequently in the
Middle and Upper Jurassic formations the terrigenous component is practically missing
— deep sea carbonates and cherts occur. Simultaneously in the biota the Mediterranean
elements became predominant.

All these changes suggest the separation of the Tisza Unit from the European plate.
The contemporenous beginning of continental rifting-type volcanism in the most external
Mecsek Subunit was probably connected with this process. Paroxism of the volcanic ac-
tivity in Early Cretaceous marks the main spreading period. In the more internal Villdny
facies zone the Upper Jurassic is represented by shallow carbonate facies. Above a gap at
the base of the Cretaceous, Urgon-type carbonate platforms were formed in the Early
Cretaceous.

2. Convergent phase — discontinuous collision from the Cretaceous to the
Oligocene.

The closure of the Tethyan system which incorporated several smaller or larger
subbasins and ocean branches was a long, multi-phase process. It resulted in a significant
reorganization of terranes. By the end of the phase the position of the blocks may have
been already similar to their present-day setting. The displacements were the result of
nappe movements, large-scale lateral displacements and rotations. '

The stages of the convergent phase are:
2.1. Collisions — orogenic phases in the Mid — Cretaceous Eocene interval

Closure of the Vardar branch commenced as early as the earliest Cretaceous. The
first major deformations in the Biikk and also in the Aggtelek-Rudabdnya Subunit may be
connected to this process.

The S-Penninic branch began to close later, at the end of the Lower Cretaceous and
it resulted in the formation of large nappe systems in the Eastern Alps (Austrian oro-
geny). Regional metamorphism of the tholeiitic series and the sedimentary sequences in
the W-Hungarian Penninic Unit took place in this phase.

In the Transdanubian Central Range Subunit, development of the characteristic
synclinal structure and slight folding were the consequences of the Austrian orogeny. Ac-
cording to recent geophysical measurements nappe structure can also be assumed. If this
is true the nappe formation should have taken place in the Mid-Cretaceous too.

In the Mecsek zone of the Tisza Unit the major change in the structure evolution at
the end of the Early Cretaceous was probably manifested in the cessation of the rift-type
basaltic volcanism.
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In the Villdny zone the appearence of flysch-like, redeposited sediments suggests
the beginning of nappe formation in the Albian.

By the Late Cretaceous along the southern foreland of the European plate a more
or less continuous flysch belt was formed in the subduction zone.

In the Apuseni Mts the main phase of the nappe formation may have been in the
Early Senonian. This is probably true for the whole Tisza Unit. The orogenic phase (Sub-
Hercynian) was followed by the Santonian-Campanian transgression-regression cycle,
producing predominantly siliciclastic sediments.

Coevally, the Transdanubian Central Range block began to separate from the
Apulian microplate when deep peri-platform troughs evolved around the Apulian plat-
form. Within the Transdanubian Central Range normal faulting characterizes the Sub-
Hercynian phase, which was followed in the Santonian by a slow transgression with flu-
vial and lacustrine sedimentation, lignite accumulation and carbonate platform forma-
tion.

The Paleocene orogenic event resulted in uplifting of and disconformity in the
Transdanubian Central Range and probably in the Biikk Subunit, too. Due to post-oro-
genic subsidence a new transgression-regression cycle commenced in the Early Eocene.
Contemporaneously, island-arc-type volcanism began to evolve as a consequence of the
subduction of the Apulian microplate. Traces of andesitic volcanism can be found in
every member of the Pelso Unit indicating their actual position north the peri-Apulian
troughs (Fig. 7).

2.2. Paratethys evolution and large scale displacements of the Pelso Unit in the
Oligocene-Early Miocene. The collision of the African (Apulian) and the European plates
resulted in the uplift of the Alps and Dinarides by the end of the Eocene. North of these
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Fig.7 Middle Eocene palaeogeography and directions of the Oligocene displacements. 1: elevated
area, 2: carbonate platform, 3: pelagic sedimentation, 4: flysch sedimentation, 5: dominantly
clastic sedimentation, 6: argillaceous sedimentation, 7: island-arc volcanism, 8: subduction
zone, 9: overthrusting zone.
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