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Abstract – Field analysis of brittle and ductile deformation zones of the gneissic rocks in the Sopron Mts.
combined with structural data from the broader vicinity of the area supported us to delineate the structural
evolution of the Sopron Mts. Seven structural events have been distinguished. Thrusting and reactivation of low
angle thrust faults during the Late Cretaceous has taken place under brittle-ductile conditions. Followed the rapid
uplift of the Mountains during the Palaeogene, Neogene the strike-slip and normal faults indicate the extrusion of
the ALCAPA Megaunit from the Alpine Collision zone and the synrift extension of the Pannonian Basin.
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INTRODUCTION
The Sopron Mts. is a small (about 40 km2) hilly region on the boundary of the Alps
and the Pannonian Basin (fig. 1a) composed of folded, medium-grade crystalline schist and
low-grade gneiss (HAAS, 2001). It is the easternmost crystalline outcrop of the 500 km long
belt of Austroalpine basement of the Eastern Alps (BALOGH & DUNKL 1995).
The Sopron Mts., owing its unique position between the Alpine orogeny and the
Pannonian Basin is an excellent area to investigate structures related to the Alpine nappe
formation, later disintegration, extrusion tectonics and basin formation.
In our work we focused primarily on the brittle and ductile deformations in three
selected gneiss outcrops (Nádormagaslat, Harka Hill, Kő Hill). Beyond providing evidence
for the possible rotation and tilting of the different blocks of the mountains based on the
comparison of the structural elements, we paid special attention to the brittle-plastic
deformations that may indicate the (re-)activation of Cretaceous thrust faults.
GEOLOGY
The Sopron Metamorphic Complex (SMC) represents the easternmost outcrop of the
Eastern Alps, on the western margin of the Pannonian Basin (Figure 1a). Tectonically, the
Sopron Mts. is part of the of ALCAPA (ALp-CArpathian-PAnnonian Basin) Megaunit
(CSONTOS et al. 1992, CSONTOS & VÖRÖS 2004). It belongs to the Wechsel Complex of the
Lower Austroalpine Nappe System of the Eastern Alps (NEUBAUER & FRISCH 1992). The
geologic boundaries of the SMC are covered by thick Neogene sediments.
The SMC consists of two litostratigraphic units: the Sopron Micaschist Formation and
the Sopron Gneiss Formation, respectively (Figure 1b). The Sopron Micaschist Formation
consists of andalusite-sillimanite-biotite schist, kyanite-muscovite schist, and kyanitleuchtenbergite-muscovite schist, as well as chlorite-muscovite schist and a few amphibolite
schists. The Sopron Gneiss Formation is an analogy of the “Grobgneis” of the Raabalpen
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(NEUBAUER et al., 1992). It is composed of variously folded muscovite gneiss, biotite-bearing
muscovite gneiss with pegmatite pods and aplite dykes (FÜLÖP 1990).

Figure 1. (a) Main tectoinic units of the Alp-Carpathian-Pannonian system. (CSONTOS et al.
1992) (b) Geologic map of the Sopron Mts. (FÜLÖP 1990)
ANALYTICAL METHODS
Field measurements have been carried out by Freiberg-type compass. Data for
structural elements were collected along a base line in order to gather statistically
representative data sets about faults, joints, veins, and hydrothermal alteration zones in three
selected gneiss quarries. Co-genetic fault systems were grouped by means of field
observations (e.g. Riedel-faults, Mohr-faults, flower structures) and mathematically, using
Angelier’s method (1986).
RESULTS
The analyses have been carried out in three selected outcrops, particularly in the Kő
and the Harka Hill quarries east of the Sopron Mts. and in the Nádormagaslat quarry (Figure
1b). In the quarries various types of the Sopron Gneiss Formation are exposed. In the Harka
Hill and in the Nádormagaslat quarries, weakly foliated granite gneiss with pegmatite,
mylonitic gneiss, as well as leucophyllite outcrop. Beside foliated gneiss, mylonitic gneiss and
pegmatite occur in the Kő Hill quarry that are covered by coarse grained Neogene basal
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conglomerate (Rust Conglomerate) and other Early Miocene shallow marine siliciclastic
sediments on the top of the quarry.
Foliation, lineation
The gneiss is variously foliated in the selected outcrops. Original magmatic
hypidiomorph crystalline, aplite or pegmatite texture of the protolith granite is locally
preserved. Gneissic foliation is indicated by the crystallographic preferred orientation of
quartz, feldspar and muscovite minerals. The orientation of the foliation in the selected
outcrops is presented in Figure 2b and the process resulting in the deformation is termed D1.
Poles of foliation planes define in all outcrops subvertical flattening (0-25°) but dip directions
differ considerably: west- and southwestward dip directions are characteristic in the Harka
and in the Nádormagaslat quarries whereas foliation planes dip to the south in the Kő Hill
quarry.
Stretching lineation is usually very blurred; only a low number of reliable analyses
could be conducted in the quarries. Lineation is defined as mineral cluster lineation and
visible on the surface of the foliation planes.
Mineralized veins
Quartz veins and stringers appear in different forms and with different orientations.
Thin slightly anastomosing segregation quartz veins occur parallel the foliation related
to the D1 tectonic phase.
0.1-0.5 m thick, sub-vertical, white, milky quartz veins (Figure 2b), without euhedral
quartz crystals with NW-SE and WNW-ESE orientation appear in the Harka and
Nádormagaslat quarries that intersect the foliation and therewith are intersected by all
younger brittle fault elements (D2 phase).
The third generation quartz veins are perpendicular on the second generation milky
quartz veins. The veins are thin (0.2-1 cm) filled either by microcrystalline or in some
syntectonic congruous plucks by 2-3 mm long trapezohedral, overgrown quartz crystals (D6
phase).
Ductile-brittle shear zones
Mylonitic zones in the quarries are up to 1 m thick, texturally proto- to ultramylonites,
and the mylonitic foliation plane is parallel the gneissic foliation plane. Blurry lineation on the
foliation planes indicate foliation parallel shear, but lacking any further macroscopic shear
indicators, to perform a more detailed kinematic analysis was impossible.
The foliation perpendicular thick milky quartz veins, formed during the D2 phase are
gently plastically deformed during the D3 phase, and form an “S” bend (Figure 2c).
Kinematic analysis of the bended quartz and the dip-parallel slicken-slides on the surface of
the main fault plane prove low-angle, small scale N trending thrusting of the upper hanging
wall block. However bending of the quartz in the vicinity of the main shear would suggest
pure ductile deformation, the small scale offset of the hanging- and footwall units suggest
rather brittle-ductile conditions during deformation.
Another thick milky quartz vein dipping to NE in the southern wall of the quarry
displays the same deformation with a dip-parallel reactivation of the thrust fault and double Sbanding of the thick milky quartz vein (Figure 2c). The displacement during reactivation
never exceeded 20 cm and the plane of the normal faulting is dipping to SW. The preserved
continuity and the double-bended shape of the vein anew prove ductile-semiductile
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deformation both during thrusting and reactivation along the low-angle normal fault (D3
phase).
In addition to the deformation of the quartz veins, a large number of S and SW
dipping, subhorizontal, outcrop-scale faults verify the D3 phase. Analysis of striations, quartzmineral fiber striaes as well as ridges and grooves prove S and SW thrusting and later
reactivation of thrust faults as low-angle normal faults. The host gneiss around the main shear
zones shows generally no deformation, but some shear zones are surrounded by mylonites,
therefore their formation is related to the D3 phase.
Faults
NW-trending NE-dipping dextral, along with NE-trending SE-dipping sinistral
fractures form a conjugated Mohr fault system in the Nádormagaslat quarry (D4 phase). 60°
cross-cutting angles, uniqueness in the outcrop and the consistent spacing distribution of the
faults all prove the conjugate nature of the two fault sets. Computed stress tensor analysis
(ANGELIER 1986) confirmed the discussed field assumption (Figure 4d).
Conjugated nature of similar subvertical NW and NE trending faults in the Harka Hill
quarry was less evident on the field, failing well developed Mohr-fractures. NW-trending
dextral strike-slip faults occur parallel with the milky quartz veins. In a top view (D4 phase)
sense of the shear can be evaluated by means of the synthetic Riedel- (R) and P-shear (P)
fractures. Beyond several single dextral faults with similar trend and dip overall in the quarry,
an uncertain positive flower structure of faults appears in the southern wall of the quarry.
Normal fault character was documented for the upper faults proving transtensional nature for
fault system but due to the pure outcrop conditions the sense of strike-slip displacement
remained unclear.
NE-SW trending, NW and SW dipping normal faults with 70-90° dip angle are
accompanied by cataclasites in the Kő Hill quarry (D5 and 7 phases; Figure 4e). Matrix of the
cataclasites is characterized by fine grained white argillitized gneiss. The clasts are 2-10 cm
gneiss fragments with intensively altered feldspars and mica. Subvertical slicken-slides on the
wall of the cataclasites apparently prove the normal fault character of this fault system.
Quartz veins characterized by euhedral quartz crystals are syngenetic with dextral,
SSE dipping WSW-ENE-trending faults in the Harka Hill quarry. The faults formed in a
NNW-SSE extensional and WSW-ENE compressional stress field (D6 phase). Stress field
analysis of NW dipping NE trending dextral faults in the Kő Hill quarry indicate the same
stress field directions. Therefore the two faults system should have formed in the same
tectonic event.
DISCUSSION AND CONCLUSIONS
Structural analysis and stress field analysis integrated in the regional tectonic
evolution of the area revealed that seven tectonic events can be distinguished in the Sopron
Gneiss Formation.
The foliation planes of the gneiss that formed during the Late Cretaceous peak
metamorphism (BALOGH & DUNKL 2005) defined the displacement planes of the coeval
subsequent ductile-brittle deformations. Based on the plastically deformed foliationperpendicular metamorphic quartz veins, thrusting and mylonitization must have been taken
place under ductile-brittle conditions, parallel the foliation. As a result of the rapid Late
Cretaceous uplift of the mountains, thrust faults reactivated as low-angle normal faults still
under brittle-ductile conditions. Thrusting and reactivation resulted in only small scale offset
of the footwall and hangingwall units, whereas large scale displacements were confined to the
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metasomatized leucophyllite and mylonite zones. Variations in lineation, foliation planes and
overprinting fault sets, Late Cretaceous – Early Palaeogene uplift was uneven and resulted in
tilting of different blocks of the Mountains.

Fig 2. Structural evolution of the Sopron Gneiss Formation
Brittle faults can be exclusively linked to the extrusion of the Alcapa Unit from the
Alpine collision zone (RATSCHBACHER et al. 1990; FODOR 1995). Strike-slip dextral faults
were dated to Late Paleogene- Early Miocene and correlated with the major Salzach-Ennstal
fault in the Northern Calcareous Alps (FODOR 1995). Cretaceous low-angle shear zones were
by the time of the Miocene in an uplifted position and were not adequately oriented; therefore
they could not be active during the gravitational driven collapse of the Alpine nappe pile
(TARI 1992). However, major faults with cataclasites were interpreted as the upper
termination of low-angle listric detachment faults which were active during the extrusion of
Alcapa Unit and the syn-rift phase (CLOETINGH et al. 2006) of the Pannonian basin.
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