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Vicropus pa3sutus Teppuropun ITaHHOHCKOI BHAZMHBI U €& odopmiaenus
B KaitHO30€e

B cratbe paccMOTPEHBI BOMPOCH, KacaloLU{Mecs PacrnpoCTpaHEHUs M JIN-
TOJIOrMYCCKOTO COCTaBa OCAJOYHBIX KAMHO30MCKIX 00pa30BaHmMit ITaHHOMN-
CKOIt BrajuHel. TEKCT MIIIOCTPUPOBAH 10 KapTami.

B ucropun passutus teppuropuyn ITaHHOHCKOIT BIIQ/IMHBI B KANHO30€ BEHI-
JEJACTCA TPU OCHOBHBIX CEAMMEHTAUMOHHBIX LMKIA. IT€PBHI, 501CHOIUTOLE-
HOBBIM, XapPaKTEPU30BAJCH PA3BUTMEM MOPCKOIl TPAHCIPECCHM B LEHTPAJb-
HOI YacTM BNAJMHBEI, A TAKXKE B OTACHBHBIX €€ KPAEBHIX UYACTSX. Perpedcus
MOps NpPOM30IINA B TMO3JAHEM ONMIOLEHE. BTOPOI LMKJ, MMUOIEHOBBIN, HAa-
YaJcsi SrreHOypr-kapmaTcKoil MOPCKOi TPAHCTPECccueit, OXBaTHBIIE BHayare,
B OCHOBHOM, I0T0-3aMAJHbIE PAilOHBI BHAJMHEL B 0ageHCKMIT BEK OTMEYaach
KyJAbMUHALMA TPAHCrpeccuy, Korja OoMbInas 4YacTh TEPPUTOPUM BIALMHBI
6bUIa TIOKPBITA MEIKOBOAHBIM MOpEM. Perpeccust MOpS OTMEYAEeTCs B KOHIIE
€apMaTcKoro BpemeHu. TpEeTHit IMKI, IUIMOLEHOBBIN, OTJMYAETCS HOBOII
TPAHCTPECCHEH MOpS, TOKPBIBIIEH 3HAUMTETBHBIE Y4YacTKy I[IaHHOHCKOI
BIQ/(MHBL (NAHHOH-TIOHT). 3aTE€M HACTYNWIA DPErpeccus MOpPCKOro OacceitHa
M HAKOIUIEHME KOHTMHECHTAJIBHBIX OCAJIKOB.

B pesynbraTeé NpPOABICHMA NEPBOTO CEAMMEHTALMOHHOTO IMKIA MPOJO-
JKanack 3aKIOYMTENbHAS CTagust (POPMMPOBAHMA CTPYKTYPHBIX SJIEMEHTOB,
3QI0XMBLIMXCS, TJIABHBIM 00pa3oM, B Me3030€. Bo BTOpOIT u TPETUI IMKJIBI
ChOpMHMPOBANKCH COBPEMEHHBIE OYEPTAHMS HOBOI CTPYKTYpPbl — ITaHHOH-
CKOi BHAAMHBL IIpHM 3TOM BO BPEMs BTOPOTO IMKJIA 3aJI0KMIIMCH, Nnpexjie
BCEro, BeHckas u yacTuyHO Masas Benrepckas, CaBckO—/JIpaBckO—MypcKas
BIaJyHa ¥ BHaguHa BocTOYHO-CnoBankoro HeorcHa (puc. 9). Bo Bpems
TPETHErO IMKIA CHOPMMPOBAIACK, IJABHBIM 00pa30M, BoJbluas BeHrepckas
BnagnHa (Andens]) M HaibHENILEE pa3BUTHE nonyunnn Manas BeHrepckas
u CaBCKO—]IpaBcKO—Myp/cKasi BIAJAMHBI (PUC. 10).

OcoGenHoctn paspuTusa TTaHHOHCKOI BIAgMHBEI B KailHO30€ u, ocobenHo,
B HEOrCHC MMCIOT CYIIECTBEHHOC 3HA4YCHUE NPy OIEHKE NEPCHEKTHB HedTe-
Tra30HOCHOCTY 3TON TEPPUTOPUM.

History of the Pannonian Basin and its margins in the Cenozoic

The paper discusses the distribution and lithology of the Cenozoic
sedimentary formations in the Pannonian Basin.

In the development of the Pannonian Basin area three principal
sedimentary cycles have been delimited. The first, Eocene to Oligocene
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cycle, the second, Miocene cycle and the third, Pliocene cycle.

In result of the manifestation of the first sedimentary cycle, the
development of structural elements, initiated mainly in the Mesozoic,
entered the final stage. In the second and third cycles the present-day
outlines of a new structure, the Pannonian Basin, were formed. Simul-
taneously, it was chiefly the Vienna Basin, in part the Minor Hungarian
Plain, the Sava-Drava-Mura depression and the Neogene East Slovakian
Basin that originated during the second cycle (Fig. 9). In the third cycle
the Great Hungarian Plain was generated and the Minor Hungarian
Plain and the Sava-Drava-Mura depression continued developing (Fig. 10).

The peculiarities of the development of the Pannonian Basin in the
Cenozoic and especially in the Neogene, are of primary importance for

evaluating the oil-gas prospects of this area.

In the Upper Paleozoic and Mesozoic the
area of the Pannonian Basin extended for
the most part in the region of shelf seas.
which bordered the ancient Tethys Ocean.
The pre-Cenozoic history of this area was
terminated by a regional uplift and fold-
ing at the end of the Cretaceous period
and by the origin of a landmass that
existed until the Paleocene (Durica et al.,
1984). The subsequent geological history of
this area was connected with the evolution
of the Paratethys sedimentary basin,
whose peculiar configuration was controll-
ed mainly by the developmental character
of the Alpine-Carpathian-Dinaric orogenic
belt.

During the Eocene and Oligocene
(Figs. 1, 2) the southern marginal parts
and the central part of the Pannonian
basin area had subsided. In the marginal
parts of its present-day structural plan
selimentation of coarse clastic rocks
essentially prevailed; along the longitu-
dinal faults in the central part (Savian
depression, Szolnok graben) flyschoid
complexes and predominantly carbonate
sediments were deposited. The uplift of
the Inner Carpathians and Dinarides in
the late Oligocene and early Miocene
provoked the uplift of the Pannonian
basin area, which resulted in the interrup-
tion of sedimentation. At that time sed-
imentation only continued in the NW and E.

At the beginning of the Miocene epoch,

in the Eggenburgian, Ottnangian, Karpatian
and Badenian, the intensified tectonic sub-
sidence of the Alpine foredeep brought
about another transgression in the
west of the Paratethys, which extended
gradually eastwards. During the Eggen-
burgian to Ottnangian this caused deposi-
tion (Fig. 3) of shallow-water to paralic
gravel and sand and in places (in the
western part of the basin) of bioclastic
bryozoan psammitic-psephitic limestones.
The marine transgression proceeded from
NW across the area of the present-day
Vienna Basin by a narrow channel which
connected the Alpine foredeep with the
Pannonian Basin. Sedimentation started
with basal coarse-clastic deposits to
continue with clayey shales enclosing thin
sand interlayers. During the Karpatian
stage the sea inundated larger areas. At
that time the Minor Hungarian Plain and
part of the Great Hurgarian Plain were
generated, being separated by an elevation
in the area of the present-day Pannonian
median mass. In the northern part of the
Vienna Basin shallow-water marine sedi-
ments were laid down, whereas in the
southern part, separated by the Spanberg
zone, fluviolacustrine sandstones and
claystones containing brown-coal seams,
and thick gravel beds accumulated. The
sea, whose salinity decreased gradually,
invaded from the Vienna Basin the Zala
depression area by a narrow channel. In
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Fig. 1. Scheme showing the present distribution and lithology of Eocene sediments
in the Pannonian Basin. 1 — boreholes, 2 — total thickness in m, 3 — incomplete
thickness caused by erosion of the upper part of the profile, in m, 4 — incomplete
thickness due to erosion of the bottom part of the profile, in m, 5 — incomplete
thickness due to erosion in both the upper and bottom parts of the profile, in m,
6 — incomplete thickness because of the paucity of data on the lower part of the
profile, in m, 7 — approximate thickness, in m, 8 — thickness based on the higher
record, in m, 9 — isopachs, m, 10 — outcrops of sediments of the complex studied.
Lithology: 11 — conglomerates, 12 — pea gravel, 13 — sand, sandstones, 14 —
siltstones, 15 — clay, claystones, 16 — clayey shales, 17 — sandy-clayey sediments,
18 — limestones, 19 — sandy limestones, 20 — clastic limestones, 21 — biogenic
and reef limestones, 22 — marls, clayey limestones, 23 — sandy marls, 24 — Creta-
ceous sediments, 25 — variegated rock types, 26 — coal-bearing sequence, 27 —
volecanogenic rocks, 28 — terrigenous flysch, 29 — overthrust of Outer Flysch Car-
pathians

the SE part of the depression (between merates and coarse-grained sandstones

the rivers Mura and Drava) sedimentation
was already of fresh-water character
(Bodzay, 1968). The area of Sava depression
situated farther to the S was a semi-iso-
lated water basin. In narrow littoral zones
of it sedimentation began with conglo-

and continued with sandy marlstones and
claystones with brown-coal seams; sandy
limestones deposited in its central part
attained a thickness of 500 m at the most.

‘They yielded foraminifers, which indicate

a warm (24 °C) sea of rather small depths
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Fig. 3. Map of the thick-
nesses and lithology of the
Eggenburgian-Karpathian
sediments of the Pannonian
Basin. For explanation see
Fig. 1




D. Durica et al.: History of the Pannonian Basin in the Cenozoic 389

(< 100 m; Sikic, 1968).

The waters of low salinity flowed by
the narrows between the Mecsek-Villany
dry land (in the N) and the Papuk area
(in the S) into the southern part of the
present-day Alfold (the Great Hungarian
Plain), where a 100—250 m thick complex
of coarse-clastic sediments accumulated,
filling the unevenly eroded floor of the
water basin. The landmass bordering this
basin in the S had probably a high relief,
with lakes and swamps in its lower parts.
Characteristic of the period dealt with was
volcanic activity, as is suggested by inter-
layers of volcanic rocks in the predomin-
antly sandy-marly and clayey sediments
200—300 m thick. Carbonate material was
deposited chiefly in the central parts of
water bodies.

In the bay located north of the
Mecsek Mts. the lower Miocene gravels
and sandstones contain lenses and inter-
seams of brown coal, which yield charac-
teristic freshwater molluscs, and inter-
layers of calcareous sandstone (with Con-
geria) and rhyolite tuff (Vadas, 1964).
Farther to the N this bay opened into the
sea of normal salinity. rich in fauna
(fishes, echinoderms, bryozoans, ostracods).

Marine sediments of Eggenburgian and
Karpatian age and of increased thickness
are concentrated in the N, in the area of
the Great Hungarian Plain (Alf6ld). The
sea basin that had developed there had
obviously a limited connection with the
open sea and was a relict of the Oligocene
sea. In salty lagoons in the NW part of the
present-day Transcarpathian Basin salt
masses of a great thickness accumulated
under warm climatic conditions. In
a lagoon situated N of the area of the
Bozsony and Cserhat Mts., a marked sedi-
mentation of shallow-water gravel, sand
and unconsolidated sandstones containing
large Pecten forms and other faunas (Sal-
gotarjan drill hole) was followed by depo-

variegated
and of

sition of continental gravel,
clays with brown-coal seams,
rhyolite tuffs (Vadas, 1964).

In the Badenian age the transgression
continued to extend (Fig. 4). The sea
inundated a considerable part of the
Pannonian Basin area, forming a shallow-
water basin divided by numerous archi-
pelagos. The shoreline was presumably
very dissected and created many bays and
lagoons. The Vienna Basin, the Minor
Hungarian Plain, the Great Hungarian
Plain and the Transcarpathian Basin
became more distinctly outlined at that
time.

In the Vienna Basin area the sea ex-
panded and flooded further sectors of the
landmass. Along their margins, mainly in
the SE part, Lithothamnion limestones
originated under paralic conditions. In the
interior of the basin clayey marls with
numerous sand intercalations were laid
down at a depth of 100—200 m. The
thickness of sediments ranges from 100 to
600 m along the margins and the 1000 or
more metres in the central parts.

In the area of the Minor Hungarian
Plain the subsidence was maximum along
the northern and southern margins. The
character of sedimentation in these two
parts is fairly coincident. In result of
extending transgression, at the base of
the profile there are coarse-clastic rocks
(conglomerates, sands, detrital and Lithot-
hamnion limestones), covering the eroded
surface of older formations. Coalified and
pyritized plant remains and frequent
detailed cross-bedding provide evidence of
their littoral origin. In the central parts
the Badenian sequence shows a more
monotonous, clayey-marly character. The
thickness of the accumulated sediments
was considerably controlled by the relief
of those parts of the sea floor that had
been flooded not long ago. For example,
in the Nagylengyel area the thickness of
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deposits changes from 80 to 210 m over
short distances (Vadas, 1964).

The Sava depression was, the same as
before, a semi-isolated shallow-water
basin with a large number of narrow
channels and minor bays, where bitumi-
nous marls and sands were laid down; at
other places (in the neighbourhood of
Tuzla) salt deposits of a great thickness
occur at the base. In the northern part of
this basin tectonic activity of a fault zone
extending along the present-day course of
the river Drava obviously revived. As
a result, sedimentation attained there
maximum thicknesses, and the products of
submarine volcanic effusions are involved
in the rock complex.

The principal volcanic activity, corres-
ponding in time to the intensive fold and
nappe deformations in the Outer Car-
pathians, occurred in the N and NE of

the region studied and along the middle
course of the river Tisa. Extensive massifs,
predominantly of rhyolite tuffs and ande-
site lava were produced; lava flows and
stratovolcanoes also formed in a large
number. In places, the tuffs display a well
discernible stratification produced by
water environment. Volcanic rocks occa-
sionally alternate with marine carbonate
sediments (Szeki-Fux et al., 1981).

The basin of the Great Hungarian Plain
is divided into two parts by a narrow
island belt, which follows the river Tisa
in a nearly N—S direction. The western
part was occupied by shallow-water basin
with small islands. The dissected shoreline
of both the basin and islands created
numerous bays. In some of them (e. g. NW
of the Mecsek Mts.) evaporites were
deposited besides clastic and volcanogenic
rocks, whereas in others (in the central
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Fig. 4. Map showing the
thicknesses and lithology of
the Badenian sediments of
the Pannonian Basin. For
explanation see Fig. 1
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part of the eastern shore) clays and marls
were laid down where warm water greatly
predominated over cool currents. In the
Velebit area, barrier reefs were created
in the southern part of the narrow
channel, which separated the Mecsek-
Villany island from the submeridional
island belt (extending along the present-
day course of the river Tisa). Clastic se-
diments prevailed in the northern part of
the channel.

The eastern part of the basin of the
Great Hungarian Plain had a shape of
a narrow submeridional water basin
widening to the N, where it was separated
from the Transcarpathian Basin area by
a broad sill. The eastern shore of this
basin was also limited by a zig-zag diss-
ected shoreline with many bays; the relief
of the sea floor was likewise very uneven.
Warm climate and isolate position (calm,
pure water) were favourable for the for-
mation of reef limestones and occasionally
of gypsum (Simleu-Silvaniei bay). Frequent
tuffs and tuffites have been assessed in
the profiles (which may point to the
existence of a fault zone that separated
the Pannonian block from the Transylva-
nian block in the E. The largest bay from
which an inlet issued to the S, along the
present-day course of the river Tamis (Ti-
misul) occurred in the contemporary valley
of the river Marus (Muresul, Maros).
Along the coast coral limestones interlaid
with calcareous sandstones, fine-grained
conglomerates and sands were deposited.
In the interior parts marly and clayey rocks
with interbeds of sand accumulated at
a thickness of up to 200 m (Mutihac —
Jonesi, 1974).

In the Badenian age the area of the
Transcarpathian Basin separated and
subsided intensely; it represented an
intermontane depression in the hinterland
of the uplifting Carpathian orogen. The
subsidence of the basin was compensated

by the cumulation not only of clastic and
volcanogenic rocks but also of a thick salt
complex: the total thickness of deposits
in this narrow isolated furrow attains up
to 1500 m.

In the middle of the Miocene epoch (in
Sarmatian age) the western Paratethydian
sea lost its connection with the ocean and
decreased considerably in size. The nort-
hern Alpine marginal foredeep was closing
and immediately afterwards the Pan-
nonian Basin also became isolated (Fig. 5)
and changed into a basin of medium sali-
nity with a specific endemic fauna. The
relation between the land and sea remained
almost unchanged from the Badenian age,
but the dissection of the shore increased
owing to uneven epeiorogenic movements.
A large number of small islands appeared.
As a result of isolation of the basin. the
salinity of water gradually decreased and
the supply of terrigenous material from
the dry land increased.

The Vienna Basin also became isolated
in the Sarmatian age. In its central part.
sedimentation of marly facies dominated
in contrast to the near-shore parts, where
sand, sandstones, conglomerates, and clastic
Leitha limestones composed of fragments
of older carbonate rocks accumulated.

In this period the basin in the Minor
Hungarian Plain preserved broadly the
same outline as~it had in the Badenian.
The sediments also show the same litho-
logical composition and definite manifes-
tations of interruptions of sedimentation
are not frequent. The regressive character
of the Sarmatian basin is demonstrated by
the replacement of the marine fauna by
the brackish. The interior parts of the
basin are distinguished by the sequences
of marly-clayey rocks, which attain the
greatest thickness in the N (up to 500 m).
In the southern part of the basin (in the
Zala depression) sediments containing
a larger amount of sandy material, trans-
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Fig. 5. Map showing the
thicknesses and lithology of
the Sarmatian sediments in
the Pannonian Basin. For
explanation see Fig. 1

ported by sea currents, were deposited.
A direct connection with the Styrian Basin
was blocked by the South Burgenland
sill. The two basins might have been
interconnected in the area of the present
town of Szombathely (Bodzay, 1968). The
thickness of Sarmatian deposits varies
considerably; in the area of Budafa it is
413 m, Obornak — 476 m, Nagylengyel —
183 m. and Buzak — 47 m (Vadas, 1964).
This can be explained either by later
(pre-Pannonian) erosion or by wedging out
of deposits on the elevated parts of the
basin floor.

For the time being we have no conclu-
sive evidence of the connection between
the northern and southern parts of the
Minor Hurgarian Plain NE of Ikervar, but
the connection with the Drava and Sava
depressions in the S is doubtless.

In the Sarmatian the area of the Sava

depression was a narrow furrow running
from NW to SE. Clayey rocks attained
major thicknesses only in the axial zone
(more than 1000 m near StruZec). Limes-
tones, marlstones and sand were laid
down along the western margin. At the
eastern margin the Sarmatian deposits
show a rhythmical structure with a predo-
minance of marls (84 %)) over sand,
sandstone and limestone beds. On account
of their proximity to the depression margin
in the area of the Papuk Mts., which was
exposed to strong tectonic movements, the
sediments succumbed to repeated erosion.
Their present thickness is very small
(about 20 m in the area of Lipovljani,
Bujavica, etc.) but it may have been of
the order of 150 m.

In the area of the Drava depression the
basin axis followed the present course of
the river Drava; the basin was filled with
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marly sediments. Eastwards (towards the
southern part of the Great Hungarian
Plain) the depth and salinity of the sea
gradually decreased. Along the southern
margin isolated baysand lagoons occurred:
rich flora growing in their waters of very
low salinity provided material for the
formation of coal seams in the sandy-
clayey sequences.

The major part of the Great Hungarian
Plain was occupied by a shallow-water
basin with a rather monotonous claystone-
limestone sedimentation. Along the margins
of the basin and in bays predominantly
clastic sediments (conglomerates, small-size
gravel, sandy marls with coal interseams)
and oolithic and biogenic limestones
(mainly in the interior parts of bays) were
deposited. The type of sediments suggests
an arid climate alternating with humid
intervals (Jambor, 1976). The presence of
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a large number of islands conditioned
a frequent reduction of sediment thickness
and a lateral alternation of facies. Of
much importance were volcanogenic for-
mations, both submarine and terrestrial.
Two parallel zones of volcanic rock
development can be traced, whose course
coincides with the margins of the Szolnok
graben. At the same time, structural
elements such as the Szeged and Tétkomlés
spurs and Makods depression were initiated.

In the area of the Transcarpathian Basin
the segment of maximum subsidence
diminished and moved westwards. Volcanic
activity continued.

In the Pannonian age, which in our
concept included the upper part of the
Sarmatian and the Meotian, the connection
of the freshwater isolated basin of the
western Paratethys with the world ocean
was renewed temporarily. The salinity of

Fig. 6. Map showing the
thicknesses and lithology of
the Pannonian sediments
in the Pannonian Basin.
For explanation see Fig. 1
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its water highly increased and the com-
position of fauna changed. The connection,
however, was soon interrupted again and
the sea decreased in extent already
towards the end of the Pontian, and mo-
notonous brackish fauna inhabited its
waters of decreasing salinity. In the sub-
sequent period of a continuing uneven
uplift of the northern part of the Alpine
orogen, the Paratethys basin definitively
disintegrated into a number of separate
water basins interconnected with narrow
channels.

This sequence of processes was reflected
markedly in the evolution of the Panno-
nian Basin (Fig. 6). Transgression pro-
ceeded gradually from W to E. The fact
that between Lake Balaton and the Da-
nube only upper Pannonian deposits are
developed (Szeles, 1971) indicates that in
the Sarmatian the greater part of this
area was dryland, not yet flooded by the
sea. At the same time a complete Panno-
nian profile originated in the area between
the lower courses of the rivers Koros and
Tisa. To the N, NE and SE of this area
the profile begins with sediments of the
upper lower Pannonian or the upper Pan-
nonian. The faunal studies have demon-
strated that the Pannonian sea, which had
a brackish character at the beginning
became gradually a freshwater basin.
A characteristic feature is the development
of lake bodies as a result of the disintegra-
tion of the uniform marine basin and of
a supply of fluvial material. At the base
of the lacustrine and lagoonal deposits
there are coarse clastic deposits, being
overlain successively by fine-grained sed-
iments, river deposits and marshy coal-
bearing sediments. Freshwater limestones
were formed occasionally in the near-shore
zone. The climate in the early Pliocene
was warm, continental (Vadas, 1964).

In the Pannonian Basin a new trans-
gression proceeded from the end of the
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Miocene until the beginning of the Plio-
cene epoch. The Pannonian-Pontian sea
flooded the largest area of the Pannonian
Basin during the entire Neogene period.
At that time subsidence was intensive
as is evidenced by maximum thicknesses
of sediments accumulated (> 5000 m). The
following five principal areas of sub-
sidence have been established: the Minor
Hungarian Plain, the Zala, Drava and
Sava depressions and the Great Hunga-
rian Plain.

The Vienna Basin became gradually
enclosed at the beginning of the Pliocene.
In its central parts predominantly clayey
marls at a thickness of up to 1500 m were
accumulated at that time. The near-shore
zones display the influence of large rivers
flowing from the Alps. Shallow bays
slowly changed into swamps, where thick
lignite complexes developed. Towards the
end of the Pontian the Vienna Basin area
began to rise. Sedimentation was termi-
nated by deposition of varied clays. small-
grained conglomerates, fresh-water limes-
tones and variegated loams.

In the Minor Hungarian Plain. the
Pannonian sedimentation was rather mo-
notonous; fine-grained rocks attained
there a thickness of up to 1000 m. The
variance of sediment thicknesses, wedging
out of beds, cross and diagonal stratifica-
tion of deposits point to their shallow-
water origin, whereas the transgressive
type of lower Pliocene sediments in sectors
that were uplifted until the beginning of
sedimentation reveal the extension of the
sedimentary basin. In the S, in the area
of river Zala, sedimentation occured under
the conditions of an open basin and was
compensated by subsidence.

At the beginning of the Pontian age
(Fig. 7) the Minor Hungarian Plain conti-
nued to subside. The sequence of sediments
was of a homogeneous character. consist-
ing of clays and clayey marls with lignite
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and sand seams and interbeds of pea
gravel. Variegated clays of the upper
horizons indicate continental conditions,
which were a result of sea regression
starting towards the end of the Pontian.
Along the river Raba an occurrence of
volcanic material has been established.
At the beginning of the Pliocene, the
largest and deepest Drava graben occurr-
ing in the southern part of the Pannonian
Basin, almost separated from the Sava
graben. The character of sedimentation in
both of them was very similar. Brackish
sediments were replaced by freshwater
deposits higher up in the profile. Sedi-
mentation compensated for intensive sub-
sidence. In the Drava graben a large
amount of sand was transported into the
interior, whereas marly rocks dominated
along the margins (Kranjec et al.,, 1976).
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mum in the very narrow axial zone,
obviously in relation with tectonic mo-
vements along the fault zone. In the early
Pannonian, subsidence in the S part of
the Sava depression occurred prevalently
along the W—E running fault. Towards
the end of the Pannonian the major
structures were initiated to gain their
definitive form during the early Pontian
(Hermita, 1973).

In the N the area of the Drava graben
was connected through a narrow channel
with the area of the Great Hungarian
Plain. In the Pannonian this was a basin
elongated in NE direction, with very
dissected shoreline and many embayments.
The littoral zones differ in sedimentary
facies from the interior parts, where marly
rocks were chiefly deposited. Along the

. present-day course of the river Tisa runs

The thickness of sediment is maxi- a characteristic broad belt of sandy marls
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Fig. 7. Map showing the
thicknesses and lithology
of the Pontian sediments in
the Pannonian Basin. For
explanation see Fig. 1




396

with sand interbeds. At the northern and
eastern margins of the basin, the Panno-
nian sediments show a transgressive cha-
racter; at many places they flatten out
the relief eroded in the earlier epochs.
They consists of alternating and thinning-
out marls, clays and sand, with basal
beds of breccia and conglomerate interlaid
with coal seams (Mutihac — Jonesi, 1974).
Towards the axial part of the basin they
are replaced by the marl facies. Judging
from the facies composition and a prom-
inent change of thicknesses, the Totkomlos
and Szeged spurs and the Makéds depress-
ion continued to develop.

At the onset of the late Pontian a fairly
broad connection of the Pannonian Basin
was opened with the Dacian (Moesian)
plate and through the Iron Gate area with
the Euxinic region: the extent of sea
transgression diminished simultaneously
(Nevesskaja — Stevanovié, 1985).
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During the Pontian there was no
essential difference between the facies
composition of the near-shore and
interior parts of the sedimentary basin.
The bottom relief became more levelled
out and the salinity of water steadily
diminished. The southern part of the
Great Hungarian Plain was affected by
strong subsidence (northern Banat), where-
as the northern part was uplifted, which
caused the origin of a number of fresh-
water lakes. The Pontian sediments are,
in general. of more clayey nature, but
continental sandy-clayey sediments with
interseams of coal clay and lignite,
containing terrestrial flora and fauna
predominate in the upper part of the pro-
file (Baltes — Moldavanu, 1981). Warm, dry
clima in the early Pliocene fostered erosion
and denudation of the adjacent dry-land.
In the SE the shallow-water basin was
filled with coarse-grained material supplied
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Fig. 8. Map showing the
thicknesses and lithology
of the Levant-Dacian sedi-
ments of the Pannonian
Basin. For explanation see
Fig. 1
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from the landmass. The occurrence of
identical flora in sediments of various
ages (from N to S) indicates that the
climate was warming up in the same
direction.

At the end of the Pontian, in the
Levant-Dacian stage, the Pannonian Basin
was definitively enclosed (Fig. 8). An
extensive part of its area dried out
completely and the parts filled with
very low-saline water decreased con-
siderably. Sedimentation occurred predo-
minantly in the basin of the Great
Hungarian Plain, in the Minor Hungarian
Plain and in the Drava-Sava area. Sandy
clay, cross-bedded clayey sand and marsh
peat were deposited in them. The zones
at the eastern margin of the Pannonian
Basin were the sites of maximum sub-
sidence. Continental, in places freshwater
muddy sediments were laid down in the
higher lying areas. The Minor Hungarian
Plain became gradually enclosed completely
and dried out; stream erosion played an
important role in its further development.

In general, three sedimentary cycles can
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be established in the Cenozoic history of
the Pannonian Basin. The first, Eocene to
Oligocene cycle was characterized by
transgression extending in both its central
and several marginal areas. The sea
retreated in the late Oligocene. The second,
Miocene cycle began with the Eggenburg-
Carpathian transgression, which first invad-
ed only the south-western parts of the
basin. The transgression culminated in the
Badenian, when a shallow sea flooded the
major part of the area. After the regression
towards the end of the Sarmatian, the
third, Pliocene cycle brought a new
transgression. The sea flooded a consider-
able part of the Pannonian Basin (in the
Pannonian to Pontian). There — after, the
sea retreated definitively and continental
sedimentation set in.

As a result of the manifestations of the
first sedimentary cycle, the structural
elements that had been initiated in the
Mesozoic, entered the final stage of their
development. The present-day outlines of
a new structure — the Pannonian Basin —
were formed in the second and third
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Fig. 9. Scheme showing the
distribution of areas of
uninterrupted Miocene se-
dimentation and the total
thicknesses of sediments.
1 — boundary of the
Pannonian oil-gas bearing
basin, 2 boundary of
areas with uninterrupted
sedimentation, 3 — isopachs,
inm
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Fig. 10. Distribution of
areas with uninterrupted
sedimentation during the
Pliocene, and total thick-
nesses of the deposits. 1 —
boundary of the Pannonian
oil-gas bearing basin, 2 —
boundary of the areas of
uninterrupted sedimenta-
tion, 3 — isopachs, in m

cycles. During the second cycle were also
founded the following structures: the
Vienna Basin, partly the Minor Hungarian
Plain, the Sava-Drava-Mura depression
and the Neogene East Slovakian Basin
(Fig. 9). In the course of the third cycle
the Great Hungarian Plain (Alféld) was
created as a most important structure, and
the Minor Hungarian Plain with the Sava-
Drava-Mura depression continued to
develop (Fig. 10).

The peculiarities of the development of
the Pannonian Basin in the Cenozoic, and
especially in the Neogene, are of primary
importance for the evaluation of the
oil-gas prospectives of this region. If
taken into due consideration, they will
certainly assist in almore effective planning
of geological-prospecting works for oil and
natural gas.
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Geologija  Vengriji.

Kenozoicky vyvoj pandnskej panvy a jej okrajov

V mladsom paleozoiku a mezozoiku sa uze-
mie pandnskej panvy rozprestieralo vaésinou
v oblasti Selfovych mori lemujucich davny
ocean Tetydy. Predkenozoicky vyvoj tohto
tzemia sa skoné¢il jeho regionalnym vyzdvi-
hom a vrasnenim na konci kriedy a vznikom
pevniny, ktora existovala do paleocénu. Dalsi
geologicky vyvoj tohto uzemia suvisi s vyvo-
jom sedimenta¢énej oblasti Paratetydy, ktorej
zvlastnosti rozsirenia urcil predovsetkym cha-
rakter utvarania alpsko-karpatsko-dinarskeho
orogénneho pasma.

V kenozoiku mozno vo vyvoji panonskej
panvy vymedzif tri sedimenta¢né cykly.
Prvy, eocénny az oligocénny, je charakteris-
ticky rozSirenim morskej transgresie v cen-
tralnej ¢éasti panvy, ako aj v jej jednotlivych
okrajovych ¢astiach. V neskorom oligocéne
doslo k regresii mora. Druhy cyklus, miocén-
ny, zacal egenbursko-karpatskou morskou
transgresiou, ktora spoc¢iatku postihla hlavne
juhozidpadné oblasti panvy. V badene, ked
vidésiu cdasf uzemia panvy zaplavilo plytké
more, transgresia kulminovala. More ustupilo
koncom sarmatu. Treti cyklus, pliocénny, sa
vyznac¢oval novou morskou transgresiou, kto-
ra zaplavila znaénu casf pandnskej panvy
(v panéne az ponte). Potom nasledovala regre-
sia mora a akumulacia kontinentalnych sedi-
mentov.

V eocéne a oligocéne (obr. 1, 2) poklesli
juzné okrajové casti a centralne casti uzemia
panénskej panvy. V okrajovych castiach jej
dne$ného §truktirneho planu prevladala
v podstate sedimentacia hrubych klastickych
hornin a v centralnej ¢asti sa pozdlZz pretiah-
nutych zlomov ukladali flySoidné komplexy
(savska depresia, szolnockda priekopa) a pre-
vazne karbonatové sedimenty. Vyzdvih vnua-

tornych Karpat a dinarid vo vrchnom oligo-
céne a spodnom miocéne vyvolal tiez zdvih
panoénskej panvy, ¢o prerusilo sedimentaciu.
V tomto obdobi vznikali sedimenty iba na SZ
a V.

Na pociatku miocénneho veku (v egenbur-
gu — otnangu, karpate a badene) vyvolali sil-
nejsie tektonické poklesy alpskej predhlbne
novu transgresiu v zapadnej Paratetyde, kto-
ra sa postupne rozsirovala na vychod. V egen-
burgu az otnangu zapri¢inila sedimentaciu
(obr. 3) plytkovodného a paralického Strku
a piesku, miestami (v zapadnej polovici pa-
noénskej panvy) machovkovych organickode-
tritickych  pieso¢nato-strkovych  vapencov.
More uzkym prielivom, spajajuacim alpsku
predhlben s panénskou panvou, transgredovalo
od SZ cez oblast, v ktorej sa teraz rozklada
viedenska panva. Toto ¢asové obdobie cha-
rakterizuje vulkanickad ¢innosf, nasledkom
ktorej je vznik prevazne pieso¢nato-slienitych
a ilovitych sedimentov s mocnosfou do
200—300 m, obsahujticich mensie vlozky vul-
kanitov. Karbonatovy material sa akumuloval
hlavne v centralnej c¢asti vodnych paniev.

Egenbursko-karpatské morské sedimenty
dosahuju zvySenu mocnosf na severe, VO
Velkej dunajskej nizine (Alfolde). Morska
panva, ktora sa tam utvorila, zrejme nemala
dostato¢né spojenie so $irym morom a bola
reliktom oligocénneho mora.

V badene sa transgresia dalej rozSirovala
(obr. 4). More zaplavilo znaénu c¢asf uzemia
panénskej panvy a predstavovalo plytkovodnu
panvu, rozéleneni podéetnymi suostroviami.
Pobrezie bolo pravdepodobne veImi ¢lenité,
s mnozstvom zalivov a lagin. V tomto obdobi
ziskala vyraznejsie obrysy Mala a Velka du-
najska nizina, ako aj zakarpatska a viedenska
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panva. Vo viedenskej panve sa more rozsirilo
a zaplavilo dalSiu sus. Na jej okrajoch, hlav-
ne v juhovychodnej c¢asti, sa v paralickych
podmienkach tvorili litotamniové vapence. Vo
vnutornych ¢astiach panvy sa v hlbke
100—200 m usadzovali ilovité sliene s podcet-
nymi vlozkami piesku. Mocnosf akumulova-
nych sedimentov pri okrajoch kolise od 100
do 600 m, v centralnych castiach dosahuje aj
viac ako 1000 m.

V sarmate stratila morska panva zapadnej
Paratetydy spojenie s oceanom a jej rozmery
sa velmi zmensili. Severna alpska okrajova
predhlben sa uzatvara, hned po nej sa izoluje
i pandnska panva (obr. 5), ktora sa meni na
poloslani vodnu nadrz so S$pecifickou ende-
mickou faunou. Vzfah medzi stiSou a morom
v nej zostava skoro rovnaky ako v badene,
ale clenitost pobrezia sa nasledkom nerovno-
mernych epiorogenetickych pohybov zvidésuje.

V panodne, zahrnujicom podla nasho po-
natia vrchnu c¢asf sarmatu a meot, sa do-
¢asne obnovilo spojenie vysladenej izolovanej
panvy zapadnej Paratetydy so svetovym ocea-
nom. Jej voda nadobdda velku salinitu, meni
sa zlozenie fauny. Toto spojenie sa vSak opif
rychle prerusilo a uz pred koncom pontu sa
more zna¢ne zmensilo, znovu vysladilo, ¢o sa
odrazilo v jednotvarnej brakickej faune. Po-
kracujici nerovnomerny vyzdvih severnej
casti oblasti alpinskeho vrasnenia spodsobil
definitivny rozpad paratetickej panvy na rad
vodnych nadrzi spojenych tuzkymi prielivmi.

Uvedeny sled procesov sa vyrazne prejavil
i vo vyvoji panénskej panvy (obr. 6). Trans-
gresia postupovala od zapadu na vychod.
PodIa vysledkov vyskumu fauny nadobudlo
panénske more, ktoré bolo spoéiatku brakic-
ké, sladkovodny charakter. V spodnom plio-
céne vladla tepla kontinentalna klima.

Na konci miocénu az po zaéiatok pliocénu
sa teda na uzemi panénskej panvy spoéiatku
rozsirila nova morska transgresia. Panénsko-

pontské more pokrylo v panénskej panve naj-
vacSie uzemie za celé obdobie neogénu. Do-
chadzalo k intenzivhym poklesom, o ¢om
sved¢ia maximalne mocnosti (viac ako
5000 m) akumulovanych sedimentov. Vyme-
dzilo sa 5 hlavnych subsidenénych oblasti:
Mala dunajska nizina, salska, dravska a sav-
ska depresia a Velka dunajska nizina.

V ponte nepozorovat podstatny rozdiel vo
facialnom zlozeni pribreznych a vnutornych
Casti sedimentaénej panvy. Reliéf dna sa viac
vyrovnal, voda sa stale viac vysladzovala. Na
konci pontu (v levantsko-dackom obdobi) sa
panonska panva definitivne uzavrela (obr. 8).
Zna¢na cast jej uzemia sa celkom vysusila
a plocha vodnej panvy s veImi slabou salini-
tou sa hodne zmensila. Sedimentacia prebie-
hala prevazne vo Velkej dunajskej niZine, ale
i v Malej dunajskej nizine a v savsko-drav-
skej oblasti. Zény maximalnej subsidencie sa
viazu hlavne na vychodny okraj panénskej
panvy.

Vceelku mozno povedaf, Zze v désledku pre-
javov prvého sedimenta¢ného cyklu pokraéo-
valo zavereéné Stadium utvarania Struktir-
nych prvkov, ktoré wvznikli predovsetkym
v mezozoiku. V druhom a trefom cykle sa
vytvorili dnesné obrysy novej Struktiry — pa-
nonskej panvy — a pofas druhého cyklu
vznikla predovSetkym viedenska panva, scasti
Mala dunajska nizina, savsko-dravsko-murska
depresia a vychodoslovenska neogénna panva
(obr. 9). V trefom cykle sa vytvorila hlavne
Velka dunajska nizina (Alfold) a dalej sa
vyvijala Mala dunajska nizina a savsko-drav-
sko-murska depresia (obr. 10).

Zvlastnosti vyvoja pandnskej panvy v ke-
nozoiku, ale hlavne v neogéne, maju podstat-
ny vyznam pri hodnoteni perspektiv ropoply-
nonosnosti tohto tzemia. Ak sa budu braf do
uvahy, budu sa moct cielavedomejsie plano-
vaf dalSie geologickoprieskumné prace na
ropu a zemny plyn.




