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II. STRUCTURAL OUTLINE OF THE ALPS AND THE GEOLOGY OF THEIR PROLONGATION IN HUNGARY

1. STRUCTURAL OUTLINE OF THE ALPS, PROLONGATION OF PARTICULAR ELEMENTS IN HUNGARY

The Alps are composed of two major parts, namely the Northern and Southern Alps, subdivided by the Periadriatic
lineament interpreted as a horizontal strike-slip (Fig. A2.1). This lineament itself is also a thin (sometimes only some
100 m thick) zone built up of different segments. Its continuation in Hungary is the Balaton zone spreading along the
southern margin of the Pelso Block. The structure of the Southern Alps is relatively less complex and moderately
folded, and only small, local, young nappes can be observed. Its direct continuation is the Mid-Hungarian Zone
(formerly called the Igal zone) running to the south of Lake Balaton and deeply buried below young sediments.

Fig. A2.1. Horizontal movement within the Periadriatic lineament in the Slovenian part  of the Karawanken [i]
Upper Triassic Hauptdolomite on the left, Carboniferous limestone on the right (partly  overthrust)

The Northern Alps is built up of three major nappe systems as follows downwards:

The Austroalpides (with rocks deposited on continental core lying to the S of the Penninic Ocean). It can be subdivided
into two major nappe systems, into the Lower and Upper Austroalpides, both containing several independent nappes.
In the Eastern Alps the Austroalpides are the most widespread on the surface. Their westernmost occurrence can be
found in Eastern Switzerland.

The Penninides (with Upper Jurassic and Cretaceous rocks deposited on the oceanic crust of the Penninic Ocean).
The opening of this ocean in the Jurassic is linked with the opening of the Atlantic Ocean. The largest surface
occurrence of the Penninides is in the Western Alps. In the Eastern Alps it emerges from below the Austroalpides in the
Engadin (Fig. A2.2), Tauern and Rechnitz-Kőszeg tectonic windows.



Fig. A2.2. The nappe structure of the Alps in the Bernina Mts. (E Switzerland)  [ii ]

The Helvetides (with rocks deposited on continental core lying to the N of the Penninic Ocean). Its surface occurrences
are most widespread in the Western Alps. It can be followed along the northern margin of the Eastern Alps and also in
some small tectonic windows in the Northern Calcareous Alps, built up of the Upper Austroalpides.

In W Hungary, at the foothills of the Alps, no Helvetides can be found. Penninides occur in the Kőszeg Mountains while
the most widespread Austroalpides can be studied in the Sopron Mountains and also in boreholes in the Little
Hungarian Plain (Fig. A2.3).

Fig. A2.3. Geological  sketch map of the basement Little Hungarian Plain [iii]
1. Non-metamorphic  Mesozoic  and Late Paleozoic, 2. metamorphosed Penninic Mesozoic, 3. Paleozoic, most anchizonal  (Pelso
block), 4. Paleozoic, mostly  epizonal (Upper Austroalpides),  5. polymetamorphosed rocks,  mainly  medium-grade (Lower
Austroalpides),  6. overthrust, 7. fault, 8. outcrop areas,  9. state border, 10. K-Ar age of white  mica, 11. borehole, RL:  Rába "line"



 

2. PENNINIDES IN HUNGARY (THE Kőszeg MOUNTAINS AND THEIR VICINITY)

Rocks: Formerly these deposits metamorphosed in green- and blueschist facies were considered to be of Paleozoic
age. Some ten years ago, based on findings of Lower Creatacous fossils in Austrian territory (in the Rechnitz
Mountains), the Late Jurassic and Early Cretaceous age of the rocks and their affiliation to the Penninides was proven.
A siliciclastic complex (phyllite, calciphyllite – Fig. A2.4, metasandstone and Cák Conglomerate – Fig. A2.5) is
assigned to the Upper Jurassic while ophiolites (serpentinite greenschist – Fig. A2.6 and metagabbro) belong to the
Lower Cretaceous. Talc from greenschists was formerly exploited in Felsőcsatár.

Fig. A2.4. Asymmetrically folded, graphitic  Velem Calciphyllite  from Kőszeg, Szabó-hegy  [iv]



Fig. A2.5. Cák conglomerate Cák,  Botos-hegy [v]



Fig. A2.6. The Felsőcsatár  Greenschist  from Felsőcsatár  quarry  [vi]

Structure: Rocks of the Kőszeg (and Rechnitz) Mountains are outcropped in a tectonic window of the Penninides
exhumed from below Austroalpine nappes. They are strongly folded and compose internal nappes.

Metamorphism: The Austroalpides overthusted onto the Penninides in the first half of the Paleogene (45-60 million
years ago). The Penninides were buried at about 15-25 km depth, which caused their metamorphism. The core
complex of the of the later Kőszeg-Rechnitz window started to emerge in the early Miocene (17-23 million years ago),
which caused the sideward sliding of the overthrust Austroalpine nappes. Finally, the Kőszeg (and Rechnitz) Mountains
were exhumed 11-12 million years ago based on the age of the oldest non-metamorphosed rocks covering the
metamorphites with angular unconformity.

3. LOWER AUSTROALPIDES IN THE SOPRON MOUNTAINS AND IN THE Fertőrákos BLOCK

Rocks: Early Paleozoic micaschist and gneiss (Sopron Mountains, Fig. A2.7)), amphibolite and micaschist
(Fertőrákos), both metamorphosed in amphibolite facies.



Fig. A2.7. Outcrop of the Sopronbánfalva Gneiss in the Sopron Mountains [vii ]

Structure: It belongs to the crystalline core of the Lower Austroalpides, with strong folding and internal nappes (Fig.
A2.8).



Fig. A2.8. Geological  map of the Sopron Mts. and Fertőrákos/Mörbisch "schist-island"  [viii]

Metamorphism: Variscan metamorphism in amphibolite facies at about the middle of the Carboniferous. The complex
was metamorphosed once again in greenschist facies during the Cretaceous (Alpine metamorphism) below the
overthrust Upper Austroalpides. The Lower Austroalpides started to emerge at the end of the Cretaceous or in the
Paleogene with subsequent sliding of the Upper Austroalpides sideward. The Sopron Mountains were exhumed at the
end of the Early Miocene, since the age of the oldest post-tectonic rocks is Ottnangian.

4. UPPER AUSTROALPIDES IN THE SUBSTRATE OF THE LITTLE PLAIN

Rocks: epimetamorphosed Silurian shale and phyllite and Devonian dolomite. All these are known only from
boreholes.

Tectonic situation: These deposits constitute the continuation of the Graz Paleozoic of the Upper Austroalpides.

Metamorphism: Both Variscan and Alpine (mid-Cretaceous). The former Mesozoic envelope was eroded.
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