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III. STRUCTURAL OUTLINE OF THE WESTERN CARPATHIANS AND THE GEOLOGY OF THEIR PROLONGATIONS
IN HUNGARY

1. STRUCTURAL OUTLINE OF THE WESTERN CARPATHIANS

Although the Western Carpathians are considered as the continuation of the Eastern Alps, in some respects they differ
from each other. Here the Helvetides are known only from the outer zones, whereas the Penninides are known mainly
from boreholes. Meanwhile the equivalents of the Upper Austroalpides crop out in large territories but no units
correlatable with the Lower Austroalpides are known. Moreover, there are some tectonic units in the Inner Western
Carpathians, which are unknown from the Alps.

The Pieniny Klippen Belt, which is approx. 500 km long but only 20 km wide in average, is built up of mostly Jurassic
and Cretaceous deposits. It has an extraordinarily complicated folded and nappe structure (Figs. A3.1 and A3.2) and
separates the Outer and Central Western Carpathians from each other. Folding and nappe stacking of the Pieniny
Klippen Belt might have happened at about the Cretaceous/Paleogene boundary.

Fig. A3.1. Characteristic  landscape of the Pininy Klippen Belt  at  Vršatec (Slovakia) [i]
Jurassic  klipps are surrounded by soft Upper Creataceous marls in  the meadows



Fig. A3.2. Detail of the former picture with well -visible Upper Cretaceous marls  [ii ]

The Outer Western Carpathians are composed of Cretaceous and Paleogene flysch deposits (Fig. A3.3), which are
strongly folded and compose several nappes. These deformations took place in the Early Miocene corresponding to
the arrival of the ALCAPA in time.



Fig. A3.3. Characteristic  Middle Cretaceous flysch in Lanckorona (Poland) [iii]

The Central Western Carpathians are built up of three major nappe systems, each corresponding to particular nappes
of the Upper Austroalpides (not detailed there). Thus, all were formed on continental crust. There are some deposits
known from boreholes in Eastern Slovakia and also in some limited surface outcrops in Western Slovakia that may
belong to the Penninides. Here we do not deal with them.

Of the three major nappe systems mentioned above the lower one is the Tatrides, the middle one is the Veporides and
the upper one is the Gemerides. This nappe stacking was formed to the end of the Middle Cretaceous. Each major
nappe system has a crystalline basement (Fig. A3.4) and a pre-Senonian (pre-Upper Cretaceous) Mesozoic envelope
series. In the case of the Tatrides the envelope series lies directly on its original crystalline basement. The Mesozoic
envelope series of the Veporides and Gemerides were, however, detached from their crystalline cores and formed the
Križna and Choč nappes (Figs. A3.5 and A3.6), respectively, both overthrust far to the north. The Mesozoic envelope
series detached from the southern part of the Gemerides (and moved first to the S and then to the N) can be found in
the Silica nappe.



Fig. A3.4. Margecany, overthrust of the crystalline basement of the Gemerides (on the left) onto the crystalline basement of the Veporides (on
the right) [iv]

Fig. A3.5. Small  Fatra, the Rozsutec summits, contact  of the Križna- (below) and Choč-nappes (above)  [v]



Fig. A3.6. The same nappe boundary in the eastern side of the Great Ruzsutec [vi]

That part of the Silica nappe, which overthursted to S belongs, however, to the Inner Western Carpathians, which is
separated from the Central Western Carpathians by the suture that was moved into the Rožňava zone. This zone is
recognized by glaucophanites metamorphosed during the subduction process of the Meliata Ocean (see below) in the
Late Jurassic. The Inner Western Carpathians (geographically the Gömör-Torna Karst and the Rudabánya Mountains)
has also a nappe structure.

Below the Silica nappe (Fig. A3.7) (having originated from the Central Western Carpathians) one can find the remnants
of the Meliata nappe (Fig. A3.8) composed of Triassic and Jurassic rocks deposited on the oceanic crust of the Meliata
branch of the Neotethys Ocean. Finally, the lowest known member in the nappe pile is the Torna series, built up of
epimetamorphosed Triassic rocks. The overthursting of nappes in the Inner Western Carpathians was of southern
vergence. The first phase happened at about the end of the Jurassic (with the overthrusting of the Meliata nappe), then
it was followed by the detachment and sliding of the Silica nappe to the south in the early-middle part of the
Cretaceous. Both phases were accompanied by folding as well.



Fig. A3.7. Tectonic window of the Torna series below the Silica nappe in the Torna Valley in the Inner Western Carpathians (Slovakia) [vii ]

Fig. A3.8. Triassic-Jurassic serpentinites of the Meliata series in Dobšina (Slovakia) [viii]

2. ROCKS AND TECTONIC POSITION OF THE IPOLY CRYSTALLINE BLOCK

Rocks: Paleozoic (Silurian-?Devonian), mesometamorphic micaschist and gneiss.

Tectonic position: It belongs to the crystalline basement of the Veporides.

Metamorphism: both Variscan and Alpine.

Further depositional history: The crystalline basement of the Veporides (of Variscan metamorphism in the middle
Carboniferous) is covered by thick Upper Carboniferous and Permian siliciclastic deposits, then by terrigenous and
carbonate Triassic and Jurassic rocks. The overthrusting of the Gemerides at the middle of the Cretaceous gave rise



to the Alpine metamorphism. The end-Cretaceous emersion of the Veporides caused the sideway sliding of the
Gemerides (with the same mechanism as described for the Kőszeg Mountains), finally the non-metamorphosed Silica
nappe overthrust (Fig. A3.9) (as observed in the Muráň Plateau) at about the Cretaceous/Paleogene boundary.

Fig. A3.9. Silica nappe overthust  onto the Veporides at  Mala Borova (Klenovsky Vepor,  near Tisovec) [ix]

In the Oligocene the exhumed crystalline core of the Veporicum became an important source for terrigenous input
toward the Pelso Block, which was already close to this territory.

3. THE AGGTELEK-RUDABÁNYA MOUNTAINS (TECTONIC POSITION, ROCKS AND METAMORPHISM OF
PARTICULAR NAPPES, STRUCTURAL EVOLUTION)

Tectonic position: The southernmost element of the Inner Western Carpathians (Fig. A3.10). The Aggtelek Mountains
as part of the Gömör-Torna Karst are the continuation of the so-called Slovak Karst, whereas the Rudabánya
Mountains are incorporated into the Darnó Zone, traceable to them from the Darnó Hill at Sirok through the Uppony
Mountains. They arrived in this place from SW probably in two phases: once at the end of the Cretaceous and then at
about the Oligocene/Miocene boundary along a sinistral strike-slip, moving altogether approx. 50 km pushed by the
Bükk and Szendrő Mountains behind them.



Fig. A3.10. Structural map of the Aggtelek-Rudabánya Mts. [x]

Rocks: The Aggtelek-Rudabánya Mountains are built up of mainly Triassic and Jurassic rocks that can be arranged
into three series (Fig. A3.11) lying on each other (Fig. A3.12) as follows from top:



Fig. A3.11. . Stratigraphic sequences of the Aggtelek–Rudabánya Mts. with addition of some adjacent areas of the Slovak Karst  [xi]



 

Fig. A3.12. . Schematic geological structure of the Aggtelek–Rudabánya Mts. on principal geological sections,  with no scale  [xii ]

1) Rocks of the Silica (Aggtelek-Bódva) series are non-metamorphosed and were deposited on continental crust. The
sequence starts with Upper Permian and Lowermost Triassic evaporites (formerly exploited in Perkupa and
Alsótelekes, Fig. A3.13), along which the whole Silica nappe system (see later) was detached from its crystalline
basement (most probably from the Paleozoic of the Gemerides). The Lower Triassic is already marine, and terrigenous
sedimentation (Fig. A3.14) gradually changed by shallow-marine carbonates (Fig. A3.15). The lower part of the Middle
Triassic is built up of shallow-marine carbonates, which were formed first in disoxyc (Gutenstein Dolomite), then in
well-oxygenated (Steinalm Limestone) conditions.



Fig. A3.13. Alsótelekes, diapyric folds in the Perkupa Anhidryte [xiii]

Fig. A3.14. Lower Triassic Bódvaszilas Sandstone in Perkupa [xiv]

Fig. A3.15. Lower Triassic Szinpetri  Limestone [xv]



Fig. A3.16. Onkoids in the Steinalm Limestone at  Jósvafő  [xvi]

Starting from the middle of the Middle Triassic the formerly homogenous Silica depositional area was subdivided into
two. In the Aggtelek sedimentary basin (characteristic of the Aggtelek Karst) shallow-marine sedimentation
(represented by the thick Wetterstein Limestone, Fig. A3.17, hosting the world-famous Baradla Cave) continued until
the mddle of the Late Triassic, while in the basin of the Bódva series (occurring in the Rudabánya Mountains) thin,
deep-marine basinal limestones (Fig. A3.18) were formed.  Carbonate sedimentation was finished in both units by the
moderately deep-marine Hallstatt Limestone (Fig. A3.19) still in the Late Triassic.

Fig. A3.17. Calcareous algae (Diplopora annulata)  in the Wetterstein Limestone at  Aggtelek, Baradla-tető [xvii ]



Fig. A3.18. The type-locality  of the Middle Triassic Bódvalenke Limestone with red cherts [xviii]

Fig. A3.19. Red Hallstatt Limestone at  Derenk,  N of Szögliget [xix]

The Jurassic of both series is of deep-marine character, the closure of Neotethys Ocean is marked by the dominance
of terrigenous influx including olistostromes (Fig. A3.20). Rhyolites of island-arc character (Fig. A3.21) can also be
found in the Bódva series. No traces of sedimentation can be detected in a very long period starting from the end of
the Jurassic to the end of the Oligocene, thus for at least part of this time span the territory could have been dry land.
Rocks of the Aggtelek-Bódva series can be found recently in the Silica nappe forming the uppermost nappe in the
nappe pile of the Aggtelek-Rudabánya Mountains. The overthrusting of this nappe could have happened at about the
middle of the Cretaceous.



Fig. A3.20. Jurassic olistostrome at  Telekes-oldal, Perkupa [xx]

Fig. A3.21. A rhyolitic  olistolith  in the above olistostrome [xxi]

2) The Meliata (Melléte) series is built up of anchimetamorphosed Middle Triassic Bódvavölgy Ophiolites (Fig. A3.8)
and deep-marine radiolarites. Jurassic deposits (represented by olistostromes) can also be found, mostly in Slovakia,
however nowadays the Telekesoldal series (occurring in the Rudabánya Mountains and containing olistostromes as
well) is also assigned to the Meliata series (formerly it was believed to be the Jurassic part of the Bódva series).

Originally the Meliata series was located in the Meliata nappe, interpreted as the middle unit in the nappe pile of the
Aggtelek-Rudabánya Mountains. This original position can only be observed in some small relicts, since recently the
major part of the series is dismembered and incorporated into the evaporitic basement of the Silica nappe (Fig. A3.22)
due to the later overthusting of the Silica nappe. The original Meliata nappe was overthrust onto the Torna series (see
below) as early as about the end of the Jurassic.



Fig. A3.22. Serpentinite blocks (Meliata series)  in the Perkupa Evaporite of the Silica nappe in the former gypsum mine at  Perkupa [xxii ]

3) The epimetamorphosed Torna series (Fig. A3.23) was deposited on continental crust. Only Triassic rocks are known
(Esztramos, Hídvégardó, Martonyi-Tornaszentandrás), which were probably detached from the original Paleozoic
basement. Jurassic rocks are also unknown; they were probably eroded or tectonically removed. Until  the middle of
the Middle Triassic the sedimentation is very similar to that in the Aggtelek-Bódva Basin, while younger Triassic
sediments are represented by moderately deep-marine carbonates. The Torna series is the lowermost tectonic element
in the nappe pile of the Inner Western Carpathians (including the Aggtelek-Rudabánya Mountains).



Fig. A3.23. Pötschen Limestone from the Torna series at  Tornaszentandrás [xxiii]

Structural evolution (Fig. A3.24).



Fig. A3.24. The process of forming of the primary nappe structure of the Aggtelek–
Rudabánya Mts. and Slovak Karst  during the Middle Triassic to Middle Cretaceous
interval  in a series of principal palinspastic profiles with no scale [xxiv]
A. The last  moment of the pre-rift stage in  the Middle Anisian.  B. The oceanic  stage in
the Ladinian. C. The process of subduction and simultaneous obduction in  the Middle
Jurassic. D. The change of subduction/obduction to collision at the end of the Jurassic.
E. The beginning of overthrusting of the Silica nappe system in  the Early Cretaceous.
F. The primary nappe system before starting the folding phase in  the Middle
Cretaceous. 
Abbreviations for depositional  areas (see also Fignew 4): Drnv: Drnava; Drk: Derenk;
Aggt:  Aggtelek; Szrd:  Szőlősardó; Bdv:  Bódva;  Tv: Telekesvölgy;  Brk:  Bódvarákó; Mel:
Meliata (s.s.); Tk: Tornakápolna; Subd: Subducted; Tom: Torna,  margin;  Tos: Torna,
seamount.  
1. Extreme Southern Gemeric  crust,  2. Torna-Hídvégardó-Uppony type continental
crust,  3. Meliatic oceanic  crust;  4. glaucophanite, 5. the evaporitic basement of the
Silica nappe system with  tectonically reworked blocks of the Meliata series group, 6.
Mesozoic  granitoids, 7. reefal carbonates,  8. lagoonal  carbonates,  9. red pelagic
limestone,  10. grey cherty limestone,  11. limestone of slope facies,  12. marl, marly
limestone,  13. radiolarite,  14. black shale,  15. sandy shale,  16. olistostrome,  17. basalt.

1) The continental crust of the later Aggtelek-Bódva and Torna series was unitary until  the middle of the Middle
Triassic. Starting from this time it was subdivided into two (Fig. A3.24A), first by rifting, then by the opening of the
Meliata Ocean as part of the Tethys. The formerly unitary Silica Basin at the northern margin of the ocean was also
differentiated into a northern (according to the present orientation) shallower part (the Aggtelek Basin) and to a
southern, deeper part (the Bódva Basin) closer to the ocean. The Torna Basin fell into the southern margin of the
ocean (Fig. A3.24B).

2A) The Meliata branch of the Neotethys Ocean started to close from the beginning of the Middle Jurassic. The
majority of it subducted (from S to N) below the Gemer-Silica continental crust and induced island-arc volcanism
(rhyolites) (Fig. A3.24C). A smaller part of the oceanic crust returned, however, from the subduction channel (where it
was metamorphosed in blueschist facies) and overthrust to the S onto the Torna series, which was metamorphosed in



the accretionary prism. This process resulted in the formation of the Meliata nappe (Fig. A3.24D), which recently can
only be observed in small relicts. At the end of the Jurassic the Meliata Ocean was entirely closed and the Gemer-
Silica and Torna continental crusts collided along a former suture, whose traces (especially glaucophanites originated
from the Meliata series) are thrust into the recent Rožňava Zone.

2B) In the Early Cretaceous granitoid intrusions were generated below the Gemer-Silica continental crust mostly from
the subducted oceanic crust of the Meliata Ocean. This process caused the thickening of the continental crust, which
isostatically emerged (Fig. A3.24E). This uplift caused the detachment and gliding of the Mesozoic envelope series (the
Silica series) from its crystalline basement (the Paleozoic of the Gemerides) along the Upper Permian to Lowermost
Triassic evaporites at very low-angle slopes. This resulted in the overthrusting of the Silica nappe onto the Torna-
Meliata nappe pile and in the reworking of the ophiolites of the Meliata series into the evaporitic basement of the Silica
nappe (Fig. A3.24F).

3) A little bit (at least 5-10 million years) later (but still at the middle of the Cretaceous) the whole primary nappe pile of
the Inner Western Carpathian (including the Aggtelek-Rudabánya Mountains) was folded, forming anticlines and
synclines, which later were imbricated with southern vergence (Fig. A3.25).

Fig. A3.25. Tectonic map of the Aggtelek-Rudabánya Mts. [xxv]

4) During the end of the Oligocene and the Early Miocene the Rudabánya Mountains arrived from the southern margin
of the Aggtelek Mountains to their eastern vicinity with the sinistral movements of SW-NE strike along the Darnó
zone.This is considered as internal movement within the ALCAPA’s move as a whole to the NE at this time.
Simultaneously, the transgression of the Hungarian Paleogene Basin reached the southern margin of the Aggtelek-
Rudabánya Mountains in the earliest Miocene.

4. TECTONIC POSITION, ROCKS AND STRUCTURE OF THE ZEMPLÉN INSELBERG

Tectonic position: It belongs to the Veporides of the Central Western Carpathian. Both the crystalline basement and
the Paleo-Mesozoic cover are present.

Rocks: Lower Paleozoic micaschist and gneiss underwent to Variscan metamorphism. Upper Carboniferous (fluviatile
and lacustrine deposits with thin antracite measures) and Lower Permian (variegated sandstone marking arid
conditions with rhyolitic intercalations) molass formations overlie them by angular unconformity. Above a Late Permian
hiatus the Lower Triassic is represented by continental terrigenous rocks while the Middle Triassic is built up of shallow
marine carbonates. The younger Mesozoic is eroded.

Structure: Hard to recontruct because of the poor outcropping conditions. It is certainly folded; nappes can also be
presumed.
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