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Megatectonic setting and geohistory of Hungary
J. HAAS

Introduction

Fig. 1
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Hungary lies in the central part of the Pannonian Basin surrounded by the Alps,
the Charpathians and the Dinarides (Fig. 1, 2).

Geological setting and scructural 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.

Fig. 2
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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: internal zone, 8: scale.

The Pannonian basin-system is an integral part of cthe Alpine realm. According to
Stille’s (1924) concept it belongs to Neo-Europe (Fig. 1, 2). The present-day geological
setting is a result of a multi-stage, complex evolution. This is a consequence essentially of
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
resulted 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 formati-
on, 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 torally. 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 formartion of large and deep depressions (Alfsld, Kisalfold)
from the Late Miocene onward.
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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 resule of debates and discussions always
influenced by the acrual tectonic hypotheses. Following Suess’s nappe-concepr Uhlig
(1907) assumed thar 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), Loczy sen. (1918) and a great number of their successors
interpreted 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 acrivity resulted in better unders-
tanding 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.

Remarkably deformed and in the majority of the areas even nappe-structural natu-
re of the "island-mountains” and the bedrocks of the basins became evidenced (Adédm 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, Koviécs 1983,
K4zmér 1984, Fuilop et al. 1987, Balla 1988c).

Contemporaneously 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 accepred.

Megatectonic setting and structural Units

Three major geohistorical periods are reflected in Hungary's geology

— a pre-Alpine evolutionary stage, difficult to reconstruct, connected with Central
Europe’s Precambrian-Paleozoic history,

— the Alpine stage including the Late Paleozoic, Mesozoic and Paleogene evoluti-
on of the Terhys, with orogenic events (Eoalpine, Paleoalpine, Mesoalpine) manifested in
napped-folded rectonism 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-apare basins and then
of the Pannonian Basin by high-amplitude subsidence. The young basins which basically
determine 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 patrerns 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 Villiny Mountains and their subsurface extension in the base-
ment of the Great Hungarian Plain (Alfsld). It also includes the Apuseni Mountains (W
Rumania) and the Slavonian "island mountains” (Papuk, Psunj, Kmdija, Moslavnian Mts.).



Ul s349g *p Iusweauy| uepreduny ¢ ‘suy uolejeg :7 ‘aul] eqEY :| JudWIseq Ayl Jo (w u) dap pue Aredunpy Jo (ng) Mungns pue LN esmannsedap

\..‘o(- .
. ™ SIN ANYIIA .
OG0 i / .

N l
o
ﬁmv\ ..

?

ﬂm,M.\ooon/ IIN @E »‘ \\\\\n 35343

% D =" YNNG
w2 7 4 .

5 :oc\ .9\.&00&7

%! Y g
\\\ \.\mo.. ~
A ) 43
\\\\\\\,\,R\ e
L. ZSIH 93131907 a



The high-grade polymetamorphic basement is covered by a Germano-
Triassic continental-shallow m

series of different facies parte

Békés Subunits.

The Mecsek Subunit is characterized mainly by thick Gresten-type Liassic, deep-

water facies from the Upper Dogger wich a Mediterranean fossil assemblage and an
intensive Lower Cretaceous submarine alkalic volcanism.

The Villany (-Bihor) Subunic has a Jurassic sequence characterized by a grear
number of stratigraphic gaps, and a Lower Cretaceous of Urgon facies.

The Békés (-Codru) Subunit contains Upper Jurassic to Lower Cretaceous dark
shales.

type Permo-
arine sequence. It is followed by Jurassic and Cretaceous

tns enabling the distinction of the Mecsek, Villany and

The Upper Cretaceous formations of predominantly marine clastic development lie
on the older deformed rocks of various a

ge with unconformiry. 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 Subunitin Northeastern Hungary is considered to belong to the Tisza Unic, too.
Pelso Unit

Situated between the R4b
Pelso Unir is characterized b
Paleozoic formarions, and ¢

a-Diésjens Lines and the Michungarian Fault Zone, the
y very low-grade and low-grade metamorphic marine Early

ontinental and marine Late Paleozoic sequences of South
Alpine-Dinaric affinity. In the Mesozoic passive continental margin formations are cha-
racteristic, but in certain subunits remnanes of the oceanic basement are known, too. The
facies indicates Alpine-Dinaric relationship.

Large-scale Eocene intermediary volcanism is an important and peculiar feature of
the unit, what is unknown in the Tisza Unic.

The Pelso Unit can be devided into the following subunies:

The Transdanubian Ceneral Ran ed by terrestrial-ma-
rine Upper Permian, multi-phase transgressi i

accompanied by volcanism in the Middle Triassic

) thick peritidal carbonace sequences in
the Upper Triassic, intrashelf rifting wi
tectonically forced trans-regressive cycles in che Middle and

the Eocene.
The Mid-Transd

blocks which are known only from bore

mentary and volcanic rocks were also found.

The Biikk Subunit is consticuted by a Lace Paleozoic ma
the Lower Triassic evolved with no break i
Upper Triassic of carbonate platform a
Jurassic formacions of schistes luscres
well as submarine basaltic volcanites.
volcanic sequences were deposited after

West-Carpathian Unis
Aggtelek-Rudabinya (S. Ge
carbonare placform facies and deeper warer Jurassic sho

lower nappes are composed of Middle and U
deep-warer facies and a Jurassic of schisces lust
the Bikk Mts.

cies and volcanites, and by

-water slopes and basins as
Oligocene sedimencary and

type deposited in deep
The Eocene and the
the nappe formation.

PPer nappe includes Triassic of
wing North Alpine affinity. The
pper Trassic of slighcly metamorphosed
res characrer similar co its counterpart in



North to the Dissjens 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 metamorphires of greenschist facies in
the Hungarian part of the Rechnirz Window (K&szeg Mts. and its subsurface extension in
the basement of the Little Hungarian Plain |Kisalfold]).

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

Upper Austro-Alpine Unit: very low to low-grade metamorphites known from the

basin substratum between the Répce and R4ba 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
reconstruction 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
relevant darta a lot of derails of geohistory are not yer evidenced and a great number of
significantly different hypotheses, interpretations are coexisting.

Pre-Alpine phase

Interpreration 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 ultrameta-
morphic 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 situation 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 meramorp-
hosed 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 complered by the Middle-Late
Carboniferous.

However, a comparatively narrow gulf survived between them. Here marine sedi-
mentation was pracrically continuous in the Carboniferous-Permian interval. The Biikk
Subunit (Biikk Mts. and Szendrs 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 Lare Carboniferous. Development of the Uppony hills
(Northeastern Hungary) may represent rhe shallow shelf around the deeper, central part
of the bay, just like the Graz Paleo-oic 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 Unic (in the southern belt of the
European plate) and the territory of the Transdanubian Ceneral Range (in the northern
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Fig. 5
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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.

Alpine phase
Wichin 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 berween the northern (European) and southern (African) parts of Pangea.

On rthe moderately subsiding substratum in the external, i.e. coastal zone fluviarile,
lacustrine and deltaic sedimentation took place whereas in the bay on a shallow ramp
siliciclastics and/or carbonates were accumulated. The Biikk Subunit belonged to the
interval belt of the bay already at the beginning of this period. A significant part of the
Transdanubian 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 Rifring 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
characrerize this substage. Tholeiitic rocks occur in the deeper nappes of the Aggrelek-
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-Rudabsnya 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 nor 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
particularly conspicious in the most external zone of the Tisza Unit (Mecsek Subunir)
where the predominantly siliciclastic sedimentarion 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-Rudabénya 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 progra-
ding eastward. Metamagmatites of the West Hungarian Penninic Unit in the Ké&szeg-
Rechnitz window originated from this oceanic branch. They are typical oceanic basalts.
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Late Triassic (Norian) palaeogeographic position of the megastructural units of the basement of the Pannonian
basin and the surrounding area (Haas and Kovéacs 1992). TCT: Transdanubian Cencral Range, AG. U. Aggte-
lek — Rudab4nya Unit, E. U.: Stable Europe, L (M) E. ALP: Lower (Middle) Austroalpine, U. AA.: Upper
Austroalpine, DRZ: Drauzug, S. A.: Southem Alps, IWC: Inner West Carpathians, M. T.: Mid-Transdanubian
Unig, B.: Bakk Unit, O. Din.: Quter Dinarides, |. Din.: Inner Dinarides.

Mafic and ultramafic rocks in the Bitkk Unit probably indicate the survival of
spreading in the Vardar (-Meliata) ocean branch. Pelagic limestones, radiolarites and
shales with lithoclasts partly of shallow placform 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
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
tosso and the biancone (maiolica) facies are widespread. In the SW part of the Transda-

nubian 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 ongin in
this series indicate obduction of the Vardar oceanic basement.



In the position of the Tisza Unit a significant change occured during the Jurassic.
Lichologic 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 rifring-type volcanism in the most external
Mecsek Subunit was probably connected with this process. Paroxism of the volcanic
activity in Early Cretaceous marks the main spreading period. In the more internal Vil-
lany 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
Creraceous.

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-Rudab4nya 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 orogeny). Regional metamorphism of the tholeiitic series and the sedimen-
tary sequences in the W-Hungarian Penninic Unit took place in this phase.

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

In the Mecsek zone of the Tisza Unit the major change in the structure evolution

at the end of the Eary Cretaceous was probably manifested in the cessation of the
rift-type basaltic volcanism.

In the Villany zone the appearence of flysch-like, redeposited sediments suggests
the beginning of nappe formation in the Albian.

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

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

Coevally, the Transdanubian Central Range block began to separate from the
Apulian microplate when deep peri-platform troughs evolved around the Apulian plac-
form. Within the Transdanubian Central Range normal faulting characterizes the Sub-

—_—
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Hercynian phase, which was followed in the Santonian by a slow transgression with fluvial
and lacustrine sedimenration, lignite accumulation and carbonate platform formation.
The Paleocene orogenic event resulted in uplifting of and disconformity in the
Transdanubian Cenrral Range and probably in the Biikk Subunir, roo. Due to post-oroge-
nic 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 Unir indicaring their actual position north the peri-Apulian
troughs .

Fig. 7

3 Wl ,,;[ A Br,.A--] —_

Middle Eocene palacogeography and directions of the Oligocene displacements. I: elevated area, 2: carbonare
placform, 3: pelagic sedimentation, 4: Flysch sedimentation. 3: donunantly clastic sedimentation, 6: argillaceous
sedimentation, 7: island-arc voleanism, &: subduction zone, 9: overthrusting zone.

2.2. Partethys evolution and large scale displacements of the Pelso Unit in the
Oligocene-Early Miocene (Fig. 7).

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 ranges a series of
subbasins came into being in the latest Eocene-Early Oligocene — the Paracethys began
to evolve. One of these subbasins is the North Hunganan Paleogene Basin, which was
probably formed as a consequence of a large-scale eastwards displacement (escape) of the

Pelso Unit (and perhaps the Wesrern Carpachian Unics, too) along the Mid-Hungarian
Lineament due to the collision.

The North Hungarian Paleogene Basin was continuously deepening from cthe Late
Eocene till the Middle Oligocene. After drawning of the Lare Eocene shallow ramps
anoxic shales and then argillaceous deep-sea sediments were deposited. The Late Oligoce-
ne regressive series is built up of shallow manne siliciclascics.



In the Mecsek Subunit of the Tisza Unit (in the "flysch zone") the accumulation of
neritic argillaceous sediments continued rill the end of the Oligocene. However, there is
no evidence for direct connection berween this basin and the North Hungarian Basin.
The two large blocks, i.e. the Tisza and the Pelso Units, came into juxtaposed position
probably in the Early Miocene. The collision of the blocks may be manifested in deforma-
tions (folding, imbrication, overthrusting) of the Paleogene formations in the "flysch zone"
in the basement of the Grear Hungarian Plain. The distribution and facies relations of the
Ottnangian and Lower Badenian formarions indicate a paleo-position of the two megau-
nits close to their present-day setting.

3. Pannonian Basin evolution from the Middle Miocene to the Quartemary (Fig. 8).

At the beginning of the Middle Miocene due to a significant orogenic event ("Styri-
an phase") a remarkable uplift occurred in the Alps and in the Carpathians. Coevally, in
the southern foreland of the Alps and within the Carpathian arc deep grabens as well as
basins came into being. The elongated grabens and pull-apart basins of predominantly
NE-SW or perpendicular orientations were formed by eastward strike-slip motion of the
basement blocks penecontemporaneously with the nappe-overthrusts in the Eastern Car-
pathians (Fig. 9).

Horizontal thrusting of the crust fragments, outstretching and thinning of the crust
were accompanied by remarkable intermediare-acidic volcanism.

Throughs controlled by strike-slip faults or normal faults are filled by sedimentary
or partly igneous sequences of 1-3 km thickness.

In the Late Miocene intense subsidence of areas of thinned crust started, a process
which led to the genesis of the Pannonian Basins system. Coevally, the marine connection
of the basins surrounded by the Alpine-Carpathian-Dinaride ranges came to an end.

A huge inner lake of step by step diluted water came into being. Its sedimentation
was controlled first of all by upbuilding and progradation of deltas (Fig. 10). An all in all
3-6 km thick argillaceous — fine siliciclastic terrigenous complex was accumulated in the

basins (Fig. 11). By gradual upfilling they were transformed into continental sedimentary
basins of fluvial, lacustrine and palustrine facies.
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Stratigraphy and Evolution of the Great Hungarian Plain
K. SZENTGYORGYI, L. REVESZ

The Pannonian basin lies in the central part of the Carpathian Basin surrounded by
the Alps, the Carpathians and the Dinarides.

Due to its complicated geological history, the geological setting of the Pannonian
basin is unusually complex.

1. Pre-Neogene basement

The present position of the main structural units of the pre-Neogene basement
developed before the formation of the Pannonian basin in Neogene time. Accordingly, in
the basement the Mesozoic and Paleozoic formations of different origin can be found.

The characteristic features of the Mesozoic of the main structural units reflect the
general evolution of the Tethys: rifting after the Hercynian orogeny, developing of a

passive margin, spreading, then subduction, and finally a considerable horizontal displace-
ment of the units.

In the pre-Tertiary basement two major megatectonic units can be distinguished:
the Tisza Unit and the Pelso Unit, each consisting of several subunits.

The oldest formations of the Tisza Unir are pre-Alpine polymetamorphites. In the
early-Alpine phase this unit belonged to the southern margin of the European continental
plate. A considerable change occured in late Jurassic-early Creataceous time. The Tisza

unit became separated from the European plate and suffered a counter-clockwise rotation
of 70 degrees.

In the Tisza unit, the post-Hercynian continental rifting is characterished by the
formation of late Carboniferous molasse basin followed by the accumulation of Permian-
early Triassic fluviolacustrine red beds and rift-type volcanics.

The development of a passive margin began by moderate subsidence and the depo-
sition of clastic and carbonate sediments. In late Triassic and early Jurassic times some
differences arose in the evolution of the individual subunits. In the Mecsek subunit a rapid
subsidence and the accumulacion of a thick rerrigenous sequence occurred, while in the
Békés subunit the subsidence was moderate and in the late Triassic a Carpathian Keuper
sequence, in the Liassic a shallow water marin carbonate sequence (punctuated by non-
depositional epizodes) accumulated. In the southern subunit of the Tisza Unit carbonate
ramp and platform sediments were deposited.

The Dogger-early Creraceous is the period of rifting and closing of the Tethys. In
the subunits of the Tisza Unit pelagic basin development and rift-type alkaline volcanism
occurred with highrate subsidence; elsewhere deep pelagic basins were formed. Some
subunits are characterized by the formation of a Malm carbonate ramp, a Tithonian —
Valanginian uplift and the development of an Aptian carbonate platform.

In the basins, formed by fragmentation due to the Subhercynian phase, Gosau-type
and pelagic formations were deposited in late Creraceous time.

2. Paleogene formations

In the Pannonian basin Paleocene formarnions are unknown. There is no evidence of
sedimentation between the Upper Cretaceous and the Eocene.

For the time being in the eastern parc of the Tisza Unit an Eocene-Oligocene flysch

is known, confined to a narrow belt. In some places carbonate marginal facies were
developed, too.



3. Neogene formations

Miocene to Pannonian sedimentary rocks locally attain a toral thickness of 7000—
8000 m. The thickness of the pre-Pannonian Miocene sequence varies from 1000 ro 3000

m. In northern Hungary uninterrupred sedimentation can de observed between the Oligo-
cene and the Miocene.

One full sedimentary cycle developed during Eggenburgian time. Savian folding
and faulting resulted in a massive influx of terrigenous material into the Eggenburgian
basins. The resulting formations consist of coarse-grained fluvial sediments and variegated
clays. In N-Hungary a transgression came from the north or northwest. The litroral facies
consist of conglomerates, standstones and limestones. Shallow marine glauconitic and
schlieren were deposited in the central part of the basins, and lignite formation was started
in the locally developed lagoons. At the top of the Eggenburgian the marine sequence is
overlain by regressive deltaic-fluival gravel, sand and variegated clay.

The geographic distribution of sedimentary rocks deposited during the Ottnangian
sedimentary cycle is similar to that of the Eggenburgian sediments. Early Miocene (Savi-
an) folding and faulting in southwestern Hungary produced a series of uplifted and subsi-

ded blocks. A rhyolite tuff series about 100-200 m thick was produced by the Ottnangian
volcanic activity.

The oldest Orttnangian beds in the north Hungarian basin are terrigenous sandsto-
nes and shales with limnic and paralic lignite. In western Hungary the rhyolite tuff is
overlain by a 500 m thick fining-upward sequence with fluvial beds. In southern Hungary
coarse-grained clastic sediments wich lignite seams are exposed.

As a rule, at the basin margins there is a well-defined unconformyty at the Ortman-
gian-Karpatian boundary. In the basins the Ottnangian coarse-grained clastics are confor-
mably overlain by Karpatian sediments.

The Karpatian sequence represents a transgressive-regressive cycle. As a result of
the intense subsidence of the Dinaric foreland, a direct connection was established with
the Mediterranean sea. The oldest beds of the Karpatian are of brackish water facies. In
littoral environments, 300-400 m of sandstone and conglomerate were deposited. In the
neritic zones, schlieren was deposited. Lagoonal environments developed mainly by the
end of Karpatian time. The roral thickness of the sequence is 600-1000 m.

In Transdanubia, the basal Karparian is a transgressive coarse-grained series with

intercalations of schlieren and variegated, brackish, lignitiferous, and fish scale-bearing
lagoonal deposits.

In southern Hungary, Ortnangian sediments are overlain by onlapping clastic rocks
deposited in brackish water. In the inner parts of the basin, Ottnangian sediments are

overlain by thytmic molassic beds with a gradual transition to schlieren in the central part
of the basin.

The second phase of Miocene volcanic activity occured ac the end of Karpatian

time. Volcanogenic sediments as well as andesites, dacites and rhyodacites have the
greatest areal extent.

The sedimentary formations of the carly Badenian are cthe products of one transgressi-
ve-regressive cycle. Sedimentaton was controlled by differential subsidence of the base-
ment, reflected by considerable variarion in facies. The ,,Leitha limestone”, a sandy-gra-
vely, biogenic limestone of littoral and shallow water facies, was deposited along the
margins of the subsided area. The hemipelagic ,,Baden clay” is interfingering with the
limestone toward the basin margin. The oldest part of the transgressive sequence is made
up by conglomerates along the margin but by sandstone in the basin. Uplifc of the



basement resulted in the formation of brackish warer lagoons where lignite accumulated
along the basin margin.

The late Badenian — Sarmatian sequence also represents one full sedimentary
cycle. Acceleration of subsidence in the Pannonian basin resulted in the deposition of a
transgressive sequence unconformaby overlying the lower Badenian beds at the margins of
the basin. In the depression areas of a 300-500 m thick foraminifera-bearing argillaceous
marl sequence was desposited conrtaining upwardly increasing reef intercalations. This
sedimentation pattern persisted in the early Sarmatan. A Sarmatian regression is sugges-
ted by the predominance of littoral facies. The characreristic sediment is a brackish water,
oolitic limestone that shows a gradual transition to silty and shaly sediments in the areas
of greater water depth. The maximum thickness of the Sarmatian sequence is 900 m.
However, the thickness of Sarmatian sediments exceeds 300 m only in areas where the
rate of subsidence was accelerated dramatically in late Badenian time. The Sarmatian
regression was the final one in the Central Paratethys.

The youngest layers of Miocene volcanogenic sediments in Hungary are of late
Badenian age. The thickness of the tuffaceous sediments in NE-Hungary, reaches more

than 2 km. The related subsurface volcanic rocks of northern Hungary erupted along
northeast- and northwest-trending fault zones.

In the Great Hungarian Plain basalt lavas and basaltic tuffs are present. Stratigraphi-
cally they belong to the lower Pannonian (s. |.) or immediately underlie it.

The Pannonian s. |. (that is the Pannonian s. str. and the Pontian) sequence
represents the last megacycle of the evolutional history of the Pannonian basin. The
earliest Pannonian s. str. series (i.e. the Lower Pannonian) has been deposited on Sarmati-
an or older formations. In the deepest subbasins the continuous sedimentation between

the Sarmatian and Pannonian can only be inferred but cannot be proved unambiguously
because of the extensive occurrence of turbidity flows.

The initial Lower Pannonian formations are partly coarse-grained and partly fine-
grained clastic or chemical sediments. The coarse-grained detritus is connected with the
islands of the Miocene inland sea. The other areas are characterized by argillaceous and
calcareous marls. The lacter two facies can be regarded as isochronous.

Within the study area the Pannonian basal conglomerate facies has been recogni-
zed in a number of wells. These rocks are essentially coarse-grained to medium-grained
standstones with more or less gravel content. Locally fine-grained and medium-grained
conglomerates and even boulders occur, too. These seemingly uniform sequences can be
subdivided into subrhythms on the basis of fine-grained sandstone beds. In certain
subrhythms the whole coarse-grained sequence shows a fining upward tendency. Howe-
ver, at some places the detected subrhythms consist of permeable and impermeable units.
These latter are due to carbonate cementation. No significant orientation of the 1-40
percent gravel content can be observed. Strarification can be derected only in sandstones
near the top of the sequences. The mainly non-stratified character and the grain-size
composition suggest deposition in the abrasion zone. In the deeper structural positions the
average grain size and the weight percentage of the pebbles in these sediments decrease.

However vertically, approaching the top of the sequences the above-mentioned changes
can be observed. (With increasing distance from the coast.)

In any structural position these coarse-grained sediments are overlain by calcareous
marls conraining pyritised plant remnants and/or bacteriopyrite nodules. The transitional
zone between the lower coarse-grained stratum and these calcareous marls is characteri-
zed by some metres a interfingering of thick bedded fine-grained sandstones with carbona-
te matrix, siltstones and marls. Accordingly. the lichological transition is gradual and
continuous. The sedimentation s also continuous upwards with the predominance of
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argillaceous marl beds. Here the marls and calcareous marls alternate with continuous

transitons.

While the coarse-grained sedimentary sequence is restricted to the relarive_highs of
the basement, the calcareous marl is widespread. Where the Pannonian is thin (e. g
Asotthalom, Kelebia, Battonya) it is of bright-yellowish-grey colour and has been deposi-
ted presumably not very far from the coast. In the structurally deep regions, blackish-grey,
bacteriopyritic and pyritic marls and calcareous marls with plant fragmgms t?elong to the
lowermost Pannoman. They suggest a deep water, euxinic environment inherited from the

Miocene.

The calcareous marls as chemical sediments are typical for shallow, meéiunf deep
and deep regions respectively and they were formed during 2 \ong-lasdng-pcnod in the
Early Pannonian. A reductive (chat is euxinic) depositional environment 1S supposed to
have existed in the medium-deep and deep zones at the time of the formation of calcareo-

us marls.

This basal marl sequence is overlain by a thick series of deltaic sediments. The
deltaic sequence is divided into prodelta turbidite, delta slope and delea plain units (Fig. 1).

The turbidite unit comprises a sand-rich system with the sand content varying from
about 30 to 90 percent. The upper members are more sandy. These sand-rich turbities in
some places can be subdivided into several depositional systems on the basis of the
characters of the vertical sedimentary sequences. In this way distal lobe deposits, amalga.
mated fans and channel sediments have been identified.

As the deltas advanced, coarse sediments were transported down the delta slope b
slumping, in the form of density flows acting within the erosional gulleys and channel
into the deep basin. [nitially these flows were controlled by the bathymerric highs alon
the flanks and on the basin floor. Sediment transport pathways existed berween thes
highs in the low regions until the delta advancement moved over them and filled the:
throughs. At least there deltaic progradational directions can be identified in the Gre:
Hungarian Plain. These are the NE, NW and the SW (Fig. 2).

The lobe sequence consists of reperitive bundles of upward-thickening sandsto!
beds containing thin marl laminations. This sequence rests on the basal marl. It is m:
again that overlines the sandstone beds on the top of the deposit. The sandstones va
fr_om fine to very fine in grain size. Sedimentary structures consist of graded beds cont
ning Bouma sequences consisting mainly of Ta, Ta-e and Ta-b-e with rare Tc and T¢
members. There are load structures, internal deformations, dish structures, mud drapp
scours and thin sand laminae in marl form the remaining sedimentary structures. Ov
lying the basal lobe units and comprising the major part of the prodelta deposits :
§tacked beds of interbedded turbidities and marls. Depositional sequences are difficult
interpret due probably to the interfingering of multiple fan deposits derived from |
advancing multiple deltas. However, repenitive upward thickening sequences which
represent interfingering lobe deposits are common. Amalgamatcdbmrbidita shallow 1
andering channels, and possible deeper channel deposits are identified on cor'&.

The Bouma sequences consist of Ta, Ta-e (over the 60 percent of the turbidi
Ta-b, Ta-b-e, and Ta-b-c. Complete Bouma division, thac is, Ta to e and Ta-b-c-
cha_racteristic only in the basal part of the turbidites overlying the basal lobe depo:
B;snds graded and massive sandstone, load structures, flame structures, internal defon
tions, mud drapped scours, martl riping clasts and crossbeds, algamated s:andstonc beds
laminated sandstone and marl represent rhe sedimentary structures within this thick v
The accretionary bank deposits consisting of planar to inclined alternating marl
sandstone composed of small-scale crossbeds suggest the existing of some meande
channels on top of the fan lobe systems. The accretionary bank deposits are overlail



sandstone containing argillaceous marl and siltstone clasts as well as laminated argillacco-
us marl and siltstone beds. Upward large-scale crosbedded sandstones and amalgamated
turbidies overlie in turn the lower sandstone unir. This sequence may represent the basal
part of a channel system.

Deformed turbidies as well deformed laminated sandstones and marls representing
slumped deposits can be found discontinuously in the upper part of the turbidite sequence
and are rarely present at deeper depths. Overturned strata, vertical beds, abudant pene-
contemporaneous faulting or deformed strata form some of the depositional elements of
these slump deposits. Horizontal bedded strata may bracket the deformed beds. Slumps
developed from the prograding delta slope were carried into the prodelta region. This
suggests that for the slumps to be carried into the basinal parts the deltas must have
advanced over the bedrock highs surrounding them.

Turbidites in the upper part of the prodelta sequence exhibit increased sand con-
tent, contain abundant amalgamated sandstone beds and show increase in tractive cur-
rents as represented by crossbeds. The sandstone usually is of coarser grain size, ranging
from medium to fine-grained sand. Sedimentary structures include massive ro graded
turbidites containing Ta, Ta-e, Ta-c and Tc-e Bouma sequences, marl rip-up clasts,
large-and small-scale crossbeds, dish structures, load structures and inclined or parallel
bedded thin sand and marl laminations.

The overlying delta slope deposits record sedimentation controlled by gravity pro-
cesses. These active processes range from downslope creep, traction currents, density
currents, slumping and density gravity flows. Four main depositional sequences comprise
the slope deposits: 1. alternating marl, siltstone and sandstone laminae interbedded with
sandstone beds, 2. amalgameted turbidite sandstones, 3. deformed (slumped) beds of both
types of strata found in 1 and 2, 4. channel deposits.

The main fearures the slope deposits are inclined strata with dips ranging from 3 up
to 25 degrees, with most of the laminae and beds dipping between 3 and 8 degrees,
“however some beds appear to be horizonral or dipping at very low angles. Borehole
recording indicates the abundant presence of well-developed silty marl laminae alterna-
ting with laminated sandstone, small to large scale down slope oriented cross-beds, amal-
gamated thin to thick massive sandstone beds or graded sandstone beds containing mainly
Ta and Tb Bouma sequences with some beds containing Ta-b-c, Tb-c and Tc-d sequen-
ces, abundant rip-up clasts in sandstone beds, dewatering structures, abundant deformed
strata, overturned beds, penecontemporaneous faults and distorted beds and scarce bio-

turbation represented by narrow vertical to horizontal burrows.

The delta plain sediments have been deposited with a facies change and angular
unconformity on the sediments of the underlying delta-slope accumulations. This boun-
dary can be seen on the electric logs by the sudden increase of sandstone content. The
most important rocks are sandstones, siltstones and argillaceous marls. Hard sandstone
with calcareous cementing material, marl, calcareous marl, coaly clay, lignite lenses and
interbedding occur also frequently. Some scattered quartz gravel or gravel laminae are
also present. The sequence consists of upward-coarsening distributary mouth bar sedimen-
tary rhythms beginning with argillaceous marl or/and fine grained siltstone. Carbonized
plant remants in vertical position, humic layers, leaf prints and layer sections wirh mica
and carbonized plant remants laminae, small and large-scale crossbedding, distorted beds,
horizontal bedding and lamination, inclined beds and laminae, frequent bioturbations are
characteristic of this sequence of strata. The presence of quartz gravels in the fine-grained
sediments indicates very contrary depositional energy.

The sandstone isopachous maps indicate channel-filling deposits. The sequence of
strata above the deltaic sediments is composed of lacustrine-, fluvial-, flood plain-, marsh
and finally eolic sediments as a result of the evolution until the present day.



Fig. |
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