
The Cretaceous system and geotectonic 
evolution of Hungary 

From a Mesozoic palaeogeographic point of view, Hungary, or better to say the Intra-Carpathian area can be subdivided
into two major terranes (HAAS et al. 1995, CSONTOS & VÖRÖS 2004). The northern one is called Alcapa (from Alps,
Carpathians, Pannonian Basin), whereas the southern is called Tisza–Dacia (from the river Tisza and from the Roman
province in southern Transylvania, now Romania) (Text-Figure 2). The northern terrane is a close relative of Austroalpine
structural units in the Eastern Alps, while the southern shows close affinities to the European platform in the earlier part of
Mesozoic. The Dacia terrane is not represented in Hungary.
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Text-Figure 2. Major terranes of the Intra-Carpathian area and location names of mountains mentioned in the text. After CSONTOS &
VÖRÖs 2004 (sources listed there)



Cretaceous strata occur in both major terranes. Characteristically, Early Cretaceous formations are the terminal mem-
bers of a long stratigraphic cycle starting in Late Permian in both terranes (Text-Figure 3). There are signs of starting com-
pressional tectonic activity during Early Cretaceous deposition. In Alcapa there is a clear and sharp change in the Albian,
which is related to a major structural reorganization in the Alpine realm. Late Albian – Cenomanian strata form a second
sedimentary cycle in the Alcapa Unit. In Tisza–Dacia one of the main tectonic events is of Early Turonian age, when there
was strong compressional activity in Alcapa, too. (Late Turonian–)Senonian formations are widespread in both terranes.
These formations post-tectonically cover Alpine nappes. In other words pre-(Turonian)–Senonian formations are present in
individual nappes and hence are different, while Senonian seals these nappes and is more uniform. Except one basin
(Szolnok Flysch), the Senonian sedimentary cycle is topped by an unconformity and its upper part is more or less eroded.
Oldest formations covering the Cretaceous are Eocene or Neogene in age.

In the following the main terms of the Early Cretaceous deposits will be briefly listed following a subdivision of the
Alpine nappes of the two major terranes. Senonian deposits of the two terranes will be described separately.

Pre-Gosau Cretaceous in Alpine nappes of Alcapa

The structurally lowest exposed nappe is the Penninic. This unit consists of metamorphic remains of an oceanic assem-
blage, the bulk of which is built of greenschists and calcschists (Felsőcsatár Formation). A characteristic deep marine con-
glomerate is found within the calcschists (Cák Conglomerate Formation). The deep marine assemblage was metamor-
phosed during Late Cretaceous – Palaeogene and was exhumed during (Senonian)–Miocene extensional tectonics (TARI

1994, DUNKL & DEMÉNY 1997).
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Text-Figure 3. Stratigraphic summary chart of the Intra-Carpathian terranes. Simplified from CSONTOS & VÖRÖS 2004



The Lower and Middle Austroalpine nappes are only made of crystalline rocks of Variscan origin. The highest nappe of
the structural pile is the Transdanubian nappe (TARI 1994, HORVÁTH, F. et al. 1987, FODOR et al. 2003). This long and NE–SW
elongated range hosts Cretaceous pre-Gosau deposits in its SW (Bakony) and NE (Gerecse) portion (Text-Figure 4). There
is a relatively large area (Vértes) between the two development sectors, which is practically devoid of Early Cretaceous.
From facies studies it seems that the two development areas differ in depositional history and facies (FÜLÖP 1964a, b). 

In the SW area the earliest Cretaceous deposits constitute a natural continuation of the latest Jurassic succession
(Text-Figure 4). A thinly layered, often cherty micritic limestone (Mogyorósdomb Formation) occurs in pelagic facies.
This formation persists until the Barremian. Further NE, the cherts disappear, but the matrix remains the same micrite
(Szentivánhegy Limestone Formation). Even further NE thinner-thicker coarse grained crinoidal limestone lenses, inter-
layers are found in the vicinity of palaeo-highs (Borzavár Formation). The white micrites at the base of the Cretaceous
(Szentivánhegy Limestone Formation) are found as far as the western part of the NE development area, in the Gerecse
Mts (CSÁSZÁR & HAAS 1984). This can host redeposited carbonate elements derived from a nearby platform (BÁRÁNY

2004). Further NE, i.e. in the eastern part of Gerecse Mts, a peculiar lithologic assemblage is found. The Late Jurassic
pelagic limestones are unconformably covered by a deep marine conglomerate/breccia (Felsővadács Breccia), which
consists mostly of rounded clasts of Dachstein Limestone, but also contains pebbles of mafic rocks and radiolarites
(CSÁSZÁR & ÁRGYELÁN 1994). This clastic formation interfingers with the white micrites of Szentivánhegy Formation. It
announces the development of a WSW facing deep marine slope, on which a succession of rhythmic marls (Bersek
Formation) and turbiditic glauconitic sandstone (Lábatlan Formation) is deposited (CSÁSZÁR & HAAS 1984, BÁRÁNY

2004). The westward prograding slope assemblage contains more and more hiatuses westward. The bulk of this succes-
sion is Valanginian-Hauterivian (Bersek Marl) and Barremian–Aptian (Lábatlan Sandstone) (FOGARASI 2001). This suc-
cession is interpreted to be formed in the foredeep of a SW-wards propagating ophiolitic nappe (TARI 1994, FOGARASI

1995, MINDSZENTY et al. 2001). 
In the SW development area (Bakony Mts) the Barremian is generally represented by deep marine marls (Sümeg

Formation), which develop from the white cherty micrites. The grey, pelagic marl contains at some places large deep marine
breccia bodies, which indicate development of a palaeo-topography (POCSAI & CSONTOS 2006). These marls grade upwards
continuously into Aptian – Lower Albian crinoidal Tata Limestone, which might also contain large breccia bodies. These
breccias, like the Barremian ones, are always located on the footwall of local elevations, where a thin and shallow water
facies crinoidal limestone is deposited. Towards the east a gentle erosional unconformity develops at the base of the Tata
crinoidal limestone. The dual facies pattern in the Aptian – Early Albian can be followed to the western edge of the NE
development area, at the western Gerecse Mts, where a black shale-silt (Vértessomlyó Silt Formation) interfingers with
crinoidal limestones (Tata Formation) and rudist reef limestones (Környe Formation) (MINDSZENTY et al. 2001). In the east-
ern Gerecse Mts glauconitic Lábatlan sandstones are topped by a deep marine conglomerate fan (Köszörűkőbánya
Conglomerate Formation; SZTANÓ 1990). This facies pattern is interpreted as strongly controlled by incipient Alpine thrusts
of general NW–SE strike (POCSAI & CSONTOS 2006). 
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Text-Figure 4. Stratigraphic chart of the Transdanubian Range Cretaceous. Simplified after CSÁSZÁR 1997 and POCSAI &
CSONTOS 2006



Late Albian always covers a strong angular unconformity. The erosional surface is covered by brackish water marl (Tés
Formation), rudist reefs and back-reef lagoonal limestone (Zirc Formation; CSÁSZÁR 1986). Higher up these facies grade to
glauconitic, deeper marine silt and marl (Pénzeskút Formation). In the NE development area this time interval is not repre-
sented by sediments. 

The Bükk Mts is also a member of the Alcapa Unit. Here an anchimetamorphosed Mesozoic succession is found. The
Late Jurassic is represented by radiolarites, followed by radiolarian-bearing black silt, shale (Lökvölgy Shale Formation) of
distal turbiditic origin (CSONTOS 2000). Only Late Jurassic fossils are known so far from this formation, but it is not exclud-
ed, that the upper part of the thick black Lökvölgy shale was deposited in earliest Cretaceous. 

Senonian deposits of Alcapa

Gosau sediments of the Hungarian part of Alcapa are exposed in two localities: in the western part of the Bakony Mts and
N of Bükk, just adjacent to the anchimetamorphic Palaeozoic Uppony massif. The Bakony exposures (on Text-Figure 4) and
subcrop are part of a broad basin, which is introduced by continental formations: bauxites (Halimba Formation) and fluvi-
atile deposits containing coal (Ajka Coal Formation, Csingervölgy Formation). This coaliferous succession grades upward
into a carbonate platform with Hippurites reefs, platform limestone (Ugod Formation), slope breccia (Jákóhegy Member)
and pelagic chalky marl (Jákó Marl grading to Magyarpolány Marl Formation) (HAAS et al. 1985). The Ugod reefs typically
grow on the eroded fronts of thrust sheets, while more basinal deposits are found to the west (TARI 1994). This Gosau Basin
is thought to be a continuation of the Kainach Basin, Austria (TARI 1994), or of the Cretaceous deposits of the same age in the
Mura depression (FODOR et al. 2002). In both cases the opening of the basin was due to an extensional collapse and semi-
brittle normal faulting (E–W extension) after the Turonian nappe formation. The present day picture is due to reactivation of
this normal detachment fault in the Middle Miocene. 

The small remnant exposures of Senonian rocks N of Bükk Mts are made of a coarse conglomerate, grading upwards to
sandstone and marl (Nekézseny Formation). Large blocks of Hippurites reefs are embedded in the deep marine slope sedi-
ments (BREZSNYÁNSZKY & HAAS 1984). This part can be the sheared, transported portion of the vaster basin, which was
described before. 

Pre-Gosau deposits of Tisza

The pre-Gosau sediments of Tisza are exposed in the Mecsek and Villány Mts (on Text-Figure 2). Both exposures have
subsurface continuation beneath the Great Hungarian Plain. The Late Jurassic of Mecsek Mts is represented by pelagic
limestones, chalky limestones (Text-Figure 5). Radiolarite-chert is frequent in these deposits. This formation may grade to
lowest Cretaceous (Márévár Formation). At the beginning of the Cretaceous, a voluminous alkali-mafic volcanism
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Text-Figure 5. Stratigraphic chart of the Tisza unit Cretaceous. Simplified after CSÁSZÁR 1997 (sources listed there)



(Mecsekjános Basalt Formation) is installed (HARANGI 1994). It is quite probable that this volcanism began already during
the Late Jurassic, but in the exposures appeared in the Berriasian. Although the original setting was deep marine, some of
the volcanoes reached the surface and shallow water region, therefore a coarse clastic apron (Magyaregregy Conglomerate
Formation) and some local biogenic carbonates (Apátvarasd Limestone) are occasionally found within the large amount of
volcanic material (CSÁSZÁR & TURNŠEK 1996, BUJTOR 2006). The alkali-mafic volcanites are rift-related (HARANGI 1994).
Higher parts of the Cretaceous succession are absent in the Mecsek Mts.

In Villány, the Late Jurassic is in shallow water facies (on Text-Figure 5). Platform oolithic limestones of
Kimmeridgian–Tithonian age were exposed to local erosion and a bauxite/terrestrial red clay horizon (Harsányhegy
Bauxite Formation) formed. The emersion happened at the beginning of Cretacecous. The bauxite horizon is then covered
by Valanginian – Early Albian shallow water rudist limestone (Nagyharsány Formation). No reefs were found, but a well
layered platform limestone was deposited. In the Albian the platform interfingered with a deeper marine marl (Bisse Marl
Formation) and turbiditic sandstone of slope facies (Bóly Formation) (CSÁSZÁR 1996, 1997). 

Senonian deposits of Tisza

Except one tectonized outcrop in Mecsek Mts (Vékény) and a basaltic dyke in Villány Mts, no Late Cretaceous is found
in exposures in the Tisza terrane. On the other hand, Turonian–Senonian is largely documented by industrial and scientific
boreholes beneath the Great Hungarian Plain (SZENTGYÖRGYI 1989). These deposits occur in three parallel basins, elongated
in ENE–WSW direction (on Text-Figure 2). The first is located above Mecsek-type Mesozoic and is found NE of Szolnok
city. This basin is called the Szolnok flysch basin (SZEPESHÁZY 1973), because some parts of the stratigraphic succession are
turbiditic. Deposition in the Szolnok flysch basin starts with red and grey marls (on Text-Figure 5; Gátér and Vékény
Formations) of Cenomano–Turonian age (BALLA & BODROGI 1993). This reddish marl is a pelagic formation widespread in
the internal Western Carpathians, too. This tectonized marl found in the northern part of Mecsek Mts. This is followed by
Senonian deep marine marl (Izsák Marl Formation) interfingering with a sandy turbidite (Debrecen Formation)
(SZENTGYÖRGYI 1989; CSÁSZÁR 1996, 1997). At the base locally a slope conglomerate is found (Szank Formation). Further
parts of the turbidite basin consist of Palaeocene shale, Eocene turbidite (Nádudvar Flysch Formation), Oligocene clay and
Early Miocene clastics (NAGYMAROSY & BÁLDI-BEKE 1993). The second trough covers the nappe contacts of Mecsek and
Villány nappes, while the third basin is located above the contact of Villány and Codru nappes (BÉRCZI-MAKK 1986,
SZENTGYÖRGYI 1989). The deposits of these basins begin with a coarse conglomerate (Szank Conglomerate Formation) and
are followed by deep sea shales (Csikéria Marl Formation), turbidites and marls (Körös Formation — SZENTGYÖRGYI 1989).
In the third basin the turbidites and marls (Csikéria Marl) interfinger with shallow water, or shallow basinal limestone
(Bácsalmás Formation), which was deposited above the eroded thrust front (HAAS 1987). Further south, in Croatian and
Serbian territory, deposition turns more and more turbiditic. There, large amounts of calcalkaline volcanites and mafic
rocks are found interlayered or intruded in these sediments (ČANOVIĆ & KEMENCI 1988, PAMIĆ 1998). A Senonian basaltic
dyke crossing Early Cretaceous carbonates is found in the Villány Mts (NÉDLI & M. TÓTH 2007). 

Cretaceous geodynamics of the structural units in Hungary

The Cretaceous is a very interesting period from tectonic point of view, since this is the time of major plate reorganiza-
tions, mountain building on the margin of the Meliata–Mures–Vardar Ocean and spreading, to full development of the
Penninic–Piemont–Ligurian Ocean. Both oceans are dominant elements of the Alpine–Carpathian area. The former is a
branch of the Tethys splitting the Austroalpine and Apulian area in the south, while the latter is an oceanic trough propagat-
ing from west to east in the northern part of the area (FRISCH 1979) (Text-Figure 6). Rifting in the Vardar–Meliata Ocean
began in Permian and spreading occurred in Triassic (KÁZMÉR & KOVÁCS 1989, OBRADOVIĆ & GORICAN 1988), while rifting
of the Piemont–Ligurian Ocean was initialized during Liassic (CSONTOS & VÖRÖS 2004), but was completed only in the
Middle – Late Jurassic (STAMPFLI & BOREL 2002). This northern oceanic branch can be considered an extension of the
Central Atlantic, since its opening is closely related to the opening of that ocean (FRISCH 1979).

As a rule, the southern parts of Alcapa and Tisza (–Dacia) are influenced by the development of Vardar–Meliata, while
the development and tectonics of the northern regions of the same terranes are controlled by the Piemont–Ligurian Ocean.
In this manner, the Transdanubian Range and Bükk region was mostly influenced by the Vardar–Meliata history, while
Mecsek, Villány and Great Hungarian Plain structural units were controlled more by the Piemont–Ligurian Ocean. 

To understand the Cretaceous geodynamic evolution of the area we have to set the Late Jurassic scene. To arrive at that
point it is imperative to retro-deform and retro-rotate the elements of the Carpathian–Pannonian tectonic puzzle. As it is
known long ago from palaeomagnetic measurements (MÁRTON, E. 1987; MÁRTON, E. & MÁRTON, P. 1978; MÁRTON, E. &
FODOR 1995), Alcapa suffered important counterclockwise, and Tisza–Dacia suffered important clockwise rotations in the
Tertiary. Therefore any Cretaceous or Tertiary geodynamic reconstruction must re-place them according to the observed
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rotations (BALLA 1984, 1987a, b; CSONTOS & VÖRÖS 2004) (Text-Figure 7). Palaeomagnetic data on Mesozoic rotations
(MÁRTON, E. 1993, 2000) suggest that there were important rotations in the Cretaceous as well. These rotations possibly
affected different parts of each terrane. That means that Alcapa and Tisza–Dacia were both folded on themselves (CSONTOS

& VÖRÖS 2004) (Text-Figure 8). Therefore, in the Late Jurassic, we may propose much more linear, long and narrow geody-
namic elements in the Alpine–Carpathian area. 
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Text-Figure 6. Jurassic reconstructions of the Alpine Carpathian area. Simplified from CSONTOS & VÖRÖS 2004. Note the presence of two
major oceanic domains: Meliata–Vardar in the central south and Penninic–Piemont in the north

Text-Figure 7. Reconstruction of Tertiary rotations, after BALLA 1987, MÁRTON 1987 and CSONTOS & VÖRÖS 2004



According to the model of several research groups (KOVÁCS 1982, HAAS et al. 1995, CSONTOS & VÖRÖS 2004), the
European continent was bordered in the south by the fully developed Piemont–Ligurian Ocean. This was a narrow branch of
Tethys characterised by spreading very oblique to the margins (FRISCH 1979). This is tentatively continued in the
Magura–Pieniny–Ceahlau–Severin oceanic domains of the West, East and South Carpathians, respectively (on Text-Figure
6). The western part of this ocean was flanked in the south by the Austroalpine microcontinent. This narrow continental
stripe enclosed the later Austroalpine nappes of the Eastern Alps and of the West Carpathians. Another microcontinent was
located south of the Piemont–Ligurian Ocean in the eastern continuation of this microcontinent. The Tisza–Bucovinian–
Getic–Serbo-Macedonian continental stripe had a somewhat different rifting and later tectonic history from the
Austroalpine, therefore it is taken as a separated microcontinent (KOVÁCS 1982). The southern margin of the Vardar–Meliata
Ocean was formed by the Dinaridic microcontinent. This was a vast carbonate platform area which might have continued in
the Austroalpine platform. 

While there is a debate on the eastern continuation of the Piemont–Ligurian Ocean, there is another controversy on the
western continuation of the Meliata–Vardar Ocean. For most researchers it seems that this ocean ended near Graz in a sphe-
nochasm (Text-Figures 6, 8a). Therefore, the northern and southern margins of this ocean could carry identical formations
and fauna (see geometric solution of HAAS et al. 1995). Palaeomagnetic measurements suggest that this margin or better to
say, the shape of the termination of Meliata—Vardar could change with time. In the Late Jurassic, for instance, the
Austroalpine and the Dinaridic parts could be aligned on a linear trend (see CSONTOS & VÖRÖS 2004; Text-Figure 4). There
is yet another possibility, suggesting that the Vardar–Meliata Ocean could have continued along the Periadriatic Fault to join
with Piemont–Liguria at the western Ivrea Zone. 

Correlation of different mountain and development areas in the Pannonian Basin with other units in the Eastern Alps and
the Carpathians is strongly dependent on the applied models. Most researchers suggest (HAAS et al. 1995, CSONTOS & VÖRÖS

2004) that the Transdanubian Range and Bükk Mts were located on the southern, Dinaridic part of the dead end of the
Vardar–Meliata Ocean (Text-Figures 6, 8). 

Part of the Vardar–Meliata Ocean was obducted in the Kimmeridgian–Oxfordian onto the Dinaric (N Transdanubian,
Bükkian) margin (Text-Figures 6, 9). The obduction resulted in huge ophiolite sheets, travelling on a Mélange Nappe, now
observed in the Internal Dinarides, Albanides and Hellenides. The process began as a result of intra-oceanic subduction,
since most amphibolite sole datings indicate late Middle Jurassic ages (170–160 Ma — LANPHERE et al. 1975). However, the
ophiolite sheet and the Mélange Nappe underneath soon reached the Dinaric margin, because Tithonian reefs and shallow
water sediments are transgressive on the oceanic rocks (STRAJIN et al. 1977, DIMITRIJEVIĆ 1997, PAMIĆ & TOMLJENOVIĆ

2000). The landward progression of the ophiolite sheets did not stop, because a foredeep type basin: the Lower Bosnian
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Text-Figure 8. Model of two major buckles of originally linear continental stripes. Simplified from
CSONTOS & VÖRÖS 2004. Buckling of the continental stripes possibly occurred during mid-
Cretaceous. a) model for Alcapa, b) model for Tisza–Dacia



(Vranduk) flysch basin (AUBOUIN et al. 1970, PAMIĆ & TOMLJENOVIĆ 2000) was developed ahead of the advancing ophiolite
and mélange nappes. Medium-high pressure anchi-epimetamorphic transformations took place in the underthrust Dinaric
margin (now forming the Internal Dinarides) at about 120 Ma ago (BELAK et al. 1995, MILOVANOVIĆ 1984, 1989,
MILOVANOVIĆ et al. 1995). 

Remains of the obducted ophiolite slab are not found in Hungary, but they are preserved in the South Apuseni Mts, in the
southern and internal part of the Tisza–Dacia terrane. Smaller occurrences of serpentinites associated to this oceanic slab are
also found in SE Slovakia (Dobsina). In N Hungary the remains of an oceanic shale unit (Szarvaskő Nappe) equivalent to the
Mélange Nappe of the Dinarides are found in the Bükk region. There obduction also created Early Cretaceous anchi-epimeta-
morphic transformations (120 Ma — ÁRKAI et al. 1995). In the N Gerecse, but also in pelagic deposits of the whole
Transdanubian Range, ophiolite-derived heavy minerals appear as early as Late Jurassic (CSÁSZÁR & ÁRGYELÁN 1994). In the
earliest Cretaceous deposits of the Gerecse Mts (Felsővadács Conglomerate), ophiolite clasts are common. These clasts are
derived from the present NE. Obduction created a foredeep, which was further developed in Early Cretaceous (Text-Figure 9a).
This hosted deposits of the Bersek Marl and Lábatlan Sandstone. These sediments are strongly similar to the Rossfeld beds of
similar age in Salzkammergut (HANTKEN 1868, FAUPL & WAGREICH 1992) and to the lower parts of the Bosnian Flysch
(Vranduk Formation — RAMPNOUX 1970, HRVATOVIĆ in PAMIĆ & TOMLJENOVIĆ 2000). South of the foredeep, the non-deposi-
tional area is interpreted as a forebulge, while the deeper basin on the SW part of the Bakony Mts is interpreted as the antipodal
slope of this forebulge (TARI 1994, MINDSZENTY et al. 2001). In the Hungarian part of Tisza, the only faint signal of the Late
Jurassic – Early Cretaceous obduction event is the emersion period in Villány, leading to bauxite deposition (Text-Figure 5).

From Dinaric geology it appears that the Vardar–Meliata Ocean could have been closed by the Early Cretaceous (see
arguments in CSONTOS & VÖRÖS 2004). Another alternative is an Eocene closure of the same ocean. Based on these alterna-
tives the widespread Internal Dinaric 120 Ma old anchimetamorphism is explained in different ways. In the first hypothesis,
the anchimetamorphism is due to burial and collision in the Early Cretaceous. This model suggests that the Dinaric margin
was the lower plate and another microcontinent, very possibly the Tisza–Dacia was the upper one. Following the second
hypothesis the 120 Ma metamorphic events was due to subduction of the Dinaric margin beneath the ophiolite nappe and the
isostatic readjustment and uplift following the underthrusting. 

In the Internal Dinarides, apart from the Bosnian Flysch trough area (Text-Figure 10), there is relatively few remains of
Lower Cretaceous deposits. Some of these remains are transgressive formations over anchi-epimetamorphic units of the
underthrust Dinaric margin (DIMITRIJEVIĆ 1997). In other words, the lower structural units suffered substantial uplift, dom-
ing and erosion very soon after the metamorphic peak was reached. 
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Text-Figure 9. Schematic sections through the central part of Alcapa. a) Schematic section from the Gerecse to the Bakony Mts
region (early-middle Early Cretaceous), inspired by TARI 1994, MINDSZENTY et al. 2001, BÁRÁNY 2004 and own works. b)
Constructed cross section through the Vértes and Bakony Mts (middle-late Early Cretaceous), redrawn from POCSAI & CSONTOS

2006. Note the presence of west-vergent blind thrust and ramp folds in both sections



In the Transdanubian Range the Early Cretaceous history of the Internal Dinarides seems to be better documented. The
very variable Tata Formation of Aptian – Lower Albian age interfingers with the Vértessomló Siltstone and partly with the
reef facies of Környe Limestone (GÖRÖG 1995, MINDSZENTY et al. 2001, POCSAI & CSONTOS 2006, Text-Figure 8b). The
facies map suggests a deeper, flexural basin in the NE, which might be the successor of the Bersek–Lábatlan Basin.
Shallower facies are interpreted to be located on top of advancing thrust sheets, while there are deeper basinal and deep
marine coarse clastic facies in the local foredeeps of these thrust sheets (POCSAI & CSONTOS 2006, Text-Figure 8b). The
thrusts are oriented NW–SE (present orientation), i.e. perpendicular to later structures. The progression of these thrust
sheets towards the SW are interpreted to be driven by the south-westwards glide of the ophiolite sheet. 

Late Albian is transgressive on the above mentioned formations (on Text-Figure 4). This transgression might be influ-
enced by global sea level changes, but in this sector it is most probably linked to a rather sharp change in deformation. From
that time onwards, shortening becomes NW–SE oriented, so major NE–SW striking folds; thrusts begin to form (TARI

1994). In the collision hypothesis this is explained by a change in the collision-directions (from transpressional to margin-
perpendicular collision). In the no-collision hypothesis the Late Albian change might be also linked to the isostasy-driven
uplift of Internal Dinaric (Bükkian) metamorphic formations. In SE Slovakia the earlier amalgamated nappe pile experi-
enced ductile-brittle normal faulting and a metamorphic dome (Vepor Mts) was exhumed (HÓK et al. 1993). In a third
hypothesis the change in deformation directions might be also related to large rotations within the Alcapa Terrane. That
rotation could approach the more distant parts of the Dinaric and West Carpathian margins (Text-Figure 11). 

In the Hungarian part of Tisza, Aptian–Albian formations are very limited in extent. They are better developed in the
Apuseni Mts and in the East and South Carpathians. In the Apuseni a platform and a basin were developed, while in the
Southern Apuseni, on top of the ophiolites, a wildflysch was formed. It seems that the Southern Apuseni is the locus of
major nappe movements. In the East Carpathians, Aptian and Lower Albian turbidites are followed by a thick, uncon-
formable conglomerate of Late Albian age (LUPU 1983). This seals different nappes and defines the collision of the East
Carpathians with a supposed “Coumanian cordillera” (SĂNDULESCU et al. 1981a, b). This cordillera might be the western
edge of the Moesian promontory (CSONTOS & VÖRÖS 2004, Text-Figure 9). Due to this collision the Ceahlau–Severin Ocean
vanishes. In the South Carpathians Albian is characterised by a terrestrial formation, which is lying unconformably on older
members of the stratigraphic succession. Palaeomagnetic measurements (MÁRTON, E. 2000) suggest that the
Aptian–Albian time interval might mark the beginning of a major rotation. The geodynamic reasons of this variable tecton-
ic behaviour of the Tisza–Bucovinian–Getic ribbon-continent can be found in its particular position. Its eastern–southern
parts (Bucovinina–Getic) are in collision with the Moesian promontory (Text-Figure 11). In the early collision hypothesis of
the Vardar the southern interface of Tisza is already locked by the Dinaric continent, while in the north the vast Magura
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Text-Figure 10. Late Jurassic – Early Cretaceous reconstructions of the Alpine Carpathian area. Modified from CSONTOS & VÖRÖS 2004



Ocean is still preserved. Therefore Tisza does not show the traces of collision in the Albian. In the late collision hypothesis
Tisza is surrounded by oceans on its northern and southern peripheries. The internal rotation of the ribbon continent might
be explained by the westward motion of it. This could have created a transpressive shear along the East–South
Carpathian–Moesian interface and could have displaced Tisza towards the eastern ends of the Austroalpine microcontinent.
When in contact, the two loose ends, i.e. the West Carpathian sector and the Tisza sector were able to bend and form two
major internal folds within each ribbon-continent (Text-Figure 11). Major shortening in the internal side of the Tisza–Dacia
fold could initiate shortening in the South Apuseni Mts. 

Turonian seems to be a major nappe-emplacement age in both terranes. Based on seismic sections, TARI (1994) suggests
a NW and SE directed thrusting, creating nappes or imbricate sheets. Nappe stacking is demonstrated in the Apuseni Mts
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Text-Figure 11. Albian–Santonian reconstructions of the Alpine Carpathian area. Modified from CSONTOS & VÖRÖS 2004

Text-Figure 12. Maastrichtian–Eocene reconstructions of the Alpine Carpathian area. Modified from CSONTOS & VÖRÖS 2004



(Transylvania, Romania) (BLEAHU et al. 1981). This tectonic episode might be related to the rotation of both terranes and to
their compressional contact (CSONTOS & VÖRÖS 2004, Text Figure 11). The two internal folds in both ribbon-continents fin-
ish their formation and are pushed against each other. Because of the western advance of the Tisza–Bucovinian–Getic rib-
bon, the East Carpathian part leaves the Moesian margin and is now opposed to the still open Magura Ocean. 

Nappes in both terranes are sealed by Late Turonian to Santonian deposits. The Senonian basins are either formed as
flexural basins due to tectonic load, or are generated by post-nappe extensional collapse of the Cretaceous orogen (GYÖRFI &
CSONTOS 1994). The latter solution is emphasized by Alpine studies (NEUBAUER et al. 1995, FROITZHEIM et al. 1997, TARI

1994). It is important to note, however, that the Senonian basins follow the trend of the earlier formed nappes. In case of the
Alcapa Terrane the extensional activity is demonstrated by ductile fabric and exhumation-uplift studies (NEUBAUER et al.
1995, FODOR et al. 2003). In the case of Tisza, there is an ongoing compressional activity in the Southern Apuseni Mts,
which has a peak in latest Cretaceous (Text-Figure 12). It is proposed that the formation of the Tisza–Getic internal fold was
terminated in this time. Folding affected again the internal side of the fold. This deformation may have been emphasized by
a transpressive contact with the western edge of Moesia (CSONTOS & VÖRÖS 2004). This event might have partially con-
trolled the development of the Szolnok flysch basin. 

In the Maastrichtian the two continental buckles were shifted northwards and were compressed into the Carpathian
embayment. This generated lateral shear zones between the intervening parts (on Text-Figure 12). In Eocene the northwards
shift of the two compressed buckles continued. South-directed subduction of the Penninic–Pieniny and Magura oceans con-
sumed the space ahead of the northwards moving plates. The sedimentation terminated in most depositional areas and the
Cretaceous cycle ended.
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