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Introduction 

Reviewing and extending earlier structural geological studies, this industrial seismic based 

doctoral project aims at the detailed tectonic interpretation of the central part of the Mid-

Hungarian Shear Zone, located approximately between Adony and Jászberény. The 

Oligocene and Miocene tectonic evolution is addressed, without discussing Mesozoic 

evolution, and only marginally touching neotectonic events. Beside pure scientific interest 

on the deformation history of probably the most important structural belt in the Carpathian 

region, the tectonic evaluation of the area shall also provide new concepts for the emerging 

hydrocarbon (Kőrössy 2004, Bada and Tari 2012) and geothermal (Mádl-Szőnyi 2006, Lenkey 

et al. 2008) exploration in Hungary.  

Methods 

The evaluation of seismic data forms the core of this study. Systematic seismic interpretation 

was undertaken on four, partly overlapping 3D seismic surveys (Jászberény, Tóalmás, Monor 

and Ercsi, covering a total area of 1600 km2), and supplemented by a relatively loose 

interconnecting 2D line set (approx. 40 lines, with a total length of 550 km) in the Mid-

Hungarian Shear Zone S-SE of Budapest. 3D interpretation was undertaken using the 

GeoProbe and Kingdom programs, while 2D mapping was done in Kingdom. 

Borehole data were used in horizon definition, but no log interpretation was undertaken. No 

depth conversion was done since this is still an ongoing project at MOL, being beyond the 

scope of this work. A 3D model of the area was built using the Move software to improve 

visualization of spatial relationships. To balance the structural model, the restoration and 

backstripping of selected sections was undertaken, using Move. 

This study was funded by MOL and OTKA K81530, providing datasets, as well as the 

geological software companies Midland Valley and IHS. 

  



Results 

Evaluating the structural evolution of the central part of the Mid-Hungarian Shear Zone, the 

intermittent convergence and translation zone between the ALCAPA and Tisza terranes 

(Csontos and Nagymarosy 1998, Fodor et al. 1999, Schmid et al. 2008) on the base of seismic 

interpretation and section restoration, the following statements are made. 

Thesis 1 

The Mid-Hungarian Shear Zone was a narrow fold and thrust belt in the Late Oligocene to 

Early Miocene, made up by a set of generally convergent thrusts. The structural trend was 

ENE-WSW between Adony and Farmos, but turned NNE-SSW around Jászberény. In the 

northeastern parts, the Jászberény-Tóalmás-Monor Area, NW verging thrusts were 

dominant within the available seismic coverage, but conjugate thrusts were also detected. 

These latter structures were also identified at Bugyi, while SE verging thrusts were the main 

structural elements at Adony. 

Thesis 2 

The thin-skinned convergent thrusts formed synclines (ramp basins sensu Cobbold et al. 

1993) in their footwalls. Acting as sinks for growth strata, and being flexed down by thrust-

related folding and sediment loads, these synclines are regarded as flexural basins.  

Thesis 3 

The thrust belt started to build up at Jászberény, with no compressional structures found 

east of it. As defined during seismic interpretation, and corroborated by the results of 

section restoration, the intensity of shortening increased southwestwards. While the 

Tóalmás and Monor regions were shortened by less than 10%, cumulative 

Oligocene−Miocene shortening equalled, or even exceeded 30% in the Bugyi and Adony 

regions. These values, however, might be somewhat underestimated.  

Thesis 4 

Growth strata of Kiscellian age mark the onset of folding. The culmination of shortening in 

the Egerian (nannoplankton zones NP25-NN1; Báldi et al. 1988) is defined by a regional 



erosional truncation and onlap surface (mapped as the base Miocene proxy) at the base of 

the Pétervására Sandstone, albeit the amount of erosion varied along strike. Following some 

minor erosional events, regional uplift was inferred again from a truncation and onlap 

surface of most likely Ottnangian age. Shortening continued throughout the Early Miocene, 

although the Karpatian age uplift is less well constrained.  

Thesis 5 

The first internal vertical axis rotation event (R1) within the Mid-Hungarian Shear Zone 

occurred in the Egerian. Rotating the Bugyi and Adony Areas in a CW manner, this phase is 

the first indication of dextral strike-slip in the Mid-Hungarian Shear Zone, related to 

extrusion tectonics of ALCAPA. This phase of assumedly ~20° rotation is justified by reverse 

offset preceding the base Miocene proxy horizon (NP25-NN1 nannoplankton zones; Báldi et 

al. 1988) on a steep, scissors-type transverse fault in the Bugyi Area. This phase resulted in 

increased uplift of the paleo-Bugyi High and the margins of the Adony Basin, where even a 

suspected thrust nappe, made up mainly by Triassic dolomite, was translated above 

Paleogene formations. R1 slightly preceded, or, more likely, was partly the cause of the 

Egerian uplift and erosion. 

Thesis 6 

The R2 internal CW vertical axis rotation of the Mid-Hungarian Shear Zone occurred in the 

time span between the base Miocene proxy and the base Pannonian unconformity, the most 

likely age being the Ottnangian. This event is justified by the now reversed offset along the 

scissors-type transverse fault active during R1. The Monor and Tóalmás parts were rotated 

15-20° in a CW manner. The southwestern boundary of the rotated unit is well established, 

while in the NE, diffuse bending occurred, resulting in the present day trend deviation of the 

Jászberény Ridge from its southwestern continuation, the latter one being rotated during 

this phase, while the Jászberény Ridge kept its orientation. Rotation resulted in increased 

shortening and uplift of the paleo-Bugyi High and the Monor region. This CW rotation phase 

is related to the large scale CCW rotation of ALCAPA (Márton et al. 2007) in the Ottnangian. 

Indicated by erosional truncation, it marks a regional uplift event. 



Thesis 7 

The Balaton Line, in a paleogeographical sense, was defined as the main Adony thrust in the 

southeast. The lower detachment of this thrust is assumed in Triassic shales, while the upper 

thrust flat is most likely on Oligocene clays. The „structural” Balaton Line, as the 

continuation of the dextral Periadriatic Line, was not detected here. In the northwest at 

Tóalmás, the two definitions of the Balaton Line align to a single line that is superposed by 

the Pannonian age Tóalmás Zone. 

Thesis 8 

Although it is less constrained than the previous and following phases, folding and thrusting 

continued into the Karpatian, and probably even the Badenian. Indications for this are 

synclines and thrusts that seem to be truncated by the base Pannonian unconformity, and a 

number of minor erosional surfaces within the assumedly late Early and early Middle 

Miocene age formations. The uplift of the northwestern margin of the Adony Basin in the 

Badenian (?) is attributed the transpressional activity of the main thrust. 

Thesis 9 

In the Badenian, a salt basin was formed in that parts of the Adony Basin that were not 

overthrusted. Direct evidence of the halite-dominated succession is given by the evaporitic 

sequence in the Ráckeve-1 borehole. This basin is a unique feature, as apart from the 

Transylvanian Basin and the Carpathian foredeep, no evaporites of this age are known within 

the Pannonian region beside this occurrence. 

Thesis 10 

Sinistal transpression during the Late Sarmatian−earliest Pannonian inversion phase (Fodor 

et al. 1999) formed the pop-up structure of the Bugyi High, being superposed on an earlier 

thrust. Based on the available sparse 2D seismic dataset, the internal strike-slip duplex 

geometry of the high was outlined. Onlapping Pannonian horizons show that the high was 

buried only in the Late Pannonian, probably in the Pliocene. 



Thesis 11 

The lack of other inversion structures in the study area is explained by the R3 rotation in the 

Late Sarmatian−earliest Pannonian, slightly preceding, or coeval to the uplift of the Bugyi 

High. The rotation event is justified by a bent transverse feature with minor, but definite 

strike-slip offset in the southwestern part of the Monor 3D survey, bounding the Bugyi Area. 

In this phase, the Bugyi Area rotated in a CCW manner, synthetic to sinistral shear within the 

shear zone. Rotating the present day geometry of the Bugyi Area back by this event, the 

relative change in stress directions can be accounted for the transpressional uplift of the 

Bugyi High, while no dip-slip evidence of this phase was detected in other parts. 

Thesis 12 

During the Pannonian, strike-slip was distributed in a wide belt within the Mid-Hungarian 

Shear Zone. However, most localised deformation occurred along the Tóalmás Zone (defined 

by Tari et al. 1992 and Fodor et al. 2005). Based on pull-apart basin size and fault length 

correlations, the maximum sinistral offset along the Tóalmás Zone was in the range of 10 

km, most likely 12-13 km. Maximal intensity of strike-slip and related pull-apart basin 

subsidence is inferred for the Early Pannonian, before 10-11 Ma as contrained by data of 

Magyar (2009). The spindle-shaped Mende-Sülysáp pull-apart basin indicates that the 

Tóalmás Zone has only reached an initial stage of fault development.  

Thesis 13 

In the Adony Area, a lazy-S-shaped pull-apart basin was superposed on that part of the 

earlier flexural basin that was not overthrusted. Detaching on the salt, gravity sliding from 

the margins formed detachment folds, and even resulted in welding. Corroborated by 

section restoration, this rare example of strike-slip related salt tectonics initiated in the 

Sarmatian, with the maximal intensity of salt tectonics being in the Early Pannonian. 

  



Conclusions 

The R1 and R2 rotations are synthetic to dextral shear of the Mid-Hungarian Shear Zone, and 

infer a strike-slip component of the dominantly compressional deformation zone. Based on 

this, the Mid-Hungarian Shear Zone is interpreted as a pure shear dominated (Teyssier et al. 

1995) transpressional orogen (Cunningham 2005) formed by oblique convergence during the 

Late Oligocene to Early Miocene. Because the large scale pre-Ottnangian dextral strike-slip 

along the Balaton Line (Fodor et al. 1999) is accepted, significant strain partitioning is 

inferred.  
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