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Summary – In the past three decades numerous researches have been published containing maps describing 
basement morphology. The first basement interpretations were based on the correlation of borehole data, 
then in the ’80s further seismic surveys offered the possibility to refine the outcomes. We collected and 
compared these data – by following a geoinformatical approach - and integrated them during the 
preparation stage of the measurement obtained in the 2012 field trip of Eötvös Loránd University, 
Department of Geophysics and Space Science. By summing up all the data we are able to create a more 
accurate Pre-Cenozioc basemap of the studied area 
The map covers approx. 300 km2 area in the west of Hungary, between the national border and Szombathely, 
in the eastern foreground of Vas-hegy. We compared five basemaps (KILENYI & RUMPLER 1984, FLÜGEL 
1988, KILÉNYI & ŠEFARA 1989, DANK & FÜLÖP 1990, HASS et al. 2010), two magnetic (HOFFER 1960, 
FANCSIK et al. 2006), a Bouguer-anomaly map (FANCSIK et al. 2005) and torsion balance anomaly map 
(VAJK 1938). Apparently, by this comparison we can see that the depth of Pre-Cenozoic basement is 
interpreted in different ways in each article. In contradictory and information deficient areas an attempt was 
made to produce supplement data with seismic and magnetic measurements. Eventually, a refined Pre-
Cenozoic basemap of the area has been created with the help of our complementing measurements, the old 
maps and more than twenty boreholes reaching basement. 
Our results revealed an eastern foothill buried under the surface, although the saddle morphology is 
unlikely. The model contains a basement with fairly steady slope based on industrial sesmic surveys, our 
results doubt its hole-like feature. 
 
1. Introduction 

Our examinations focus on clarifying these 
discrepancies. The maps agree on the gradually 
deepening basement from Vas-hegy to the 
southeast, but the inclination angle is debated. 
The area of interest was located in Western 
Hungary, at Alpokalja, between the border and 
Szombathely, restricted to the eastern 
foreground of Vas-hegy (Figure 1). 

It is relevant to study this area, because the 
previously known basemaps of this area show 
different interpretation of the basement depth 
distribution under younger, mostly Pannonian 
formations (Figure 5). The maps agree on the 
gradual deepening of the basement from Vas-
hegy to the southeast, but the inclination angle 

is a matter of debate. HAAS et al (2010) 
presumes a trench in the southeastern area 
(Figure 5/4). Each author supposes a counter-
clockwise shift advancing to the north in the 
basement inclination angle, only to various 
extent: mostly between 20-45°, but in the map 
of KILÉNYI & ŠEFARA (1989) the 500 m contour 
line turns back by 180°, displaying a saddle-like 
morphology (Figure 5/2). Our main goal is to 
resolve discrepancies of the maps and to 
determine the basement depth and morphology 
as correctly as possible using all data available. 

 
2. Geological settings 

The Alps-Carpathians-Dinarides range was 
the scene of orogenesis from late Triassic to 
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Miocene due to the closure of Vardar in the 
Dinarides, Meliata in the Carpathians and 
Penninic ocean in the Alps (CSONTOS és VÖRÖS 
2004). The main orogenesis in the Dinarides 
and the Carpathians took place during the 
middle Jurassic – Cretaceous, while in the Alps 
it started in middle Cretaceous and lasted until 
Miocene. Evolution of nappe systems of the 
Eastern Alps began in the late Creaceous and 
ended in late Eocene and early Oligocene owing 
to the closure of Penninic ocean a nd the trust of 
Austro-Alpine nappes. The collision of the 
advancing Adriatic block and the European 
continent (ROYDEN 1988) eventuated in 
continental extrusion, while the terrains of the 
Pannonian basin’s basement escaped and rotated 
to northeast (RATSCHBACHER et al. 1991, 

CSONTOS 1992, 1995). Meanwhile, subduction 
and rollback of the Magura ocean and extension 
of both crust-blocks occurred and the Pannonian 
basin opened up (HORVÁTH, 1993). At the 
closure of Magura ocean, the arcing 
astenosphere and the slab pull (rollback) (BADA 
& HORVÁTH 2001) thinned the litosphere under 
the Pannonian basin to half of its original 
thickness (HORVÁTH 1993, TARI et al. 1999). As 
a consequence, several smaller basins evolved 
in the Carpathian arc. When modelling this 
process (TARI et al. 1992, HORVÁTH 1993, TARI 
1994), metamorph core complexes emerged 
along the collision zone and younger nappes slid 
along the flat normal faults towards the centre 
of the basin.  The Rechnitz window, containing 
Vas-hegy evolved this way (HORVÁTH 2007). 

 

 
Fig. 1. Boundary of studied area 
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The Penninic formations in the tectonic 

window emerged to surface from approx. 10-12 
km deep. Their fastest rising occured during the 
early Miocene (22-17 million year) (TARI et al. 
1992). The rigidly deforming Austro-Alpine 
nappe currently covered with deposits of the 
Pannonian basin slid from the emerging, 
deforming, ductile Penninic unit to the east 
(TARI & HORVÁTH 2010) along Cretaceaous 
normal faults coincident with large nappe 
borders. There are non-metamorphic mezozoic 
rocks slid along normal faults in the wings of 
the metamorph basement, covered with 
typically asymmetric lower and middle Miocene 
synrift formations (HORVÁTH 2007). 
 
Data 

Before starting the measurements, there 
were five different maps edited by several 
authors available of the examined area, each 
containing values of basement depth, contour 
lines or outcrops alike (Figure 5). Regarding the 
basement’s morphology, valuable information 
came from the Bouguer-anomaly map (Figure 
2) representing the gravity field’s vertical 
component, the map showing anomaly of the 

 

 
 
Fig. 2. Bouguer-anomaly map of the foreground of 

the Vas-hegy (mGal) 

horizontal component measured with torsion 
balance (Figure 4), and the one based on the 
anomaly of the vertical component of Earth’s 
magnetic field (Δz) (Figure 6). 

Each map shows the exact area except for 
the magnetic map. Data were available from 
approximately 300 boreholes, although their 
majority did not reach the Pre-Cenozoic 
formations. 21 boreholes reached the basement, 
18 were in the vicinity of Vas-hegy crossing 
only a few meters of neogene sediments. Three 
boreholes seemed useful while examining the 
morphology of the basin, two of them displayed 
the basement under hundreds of meters of 
neogene strata. The boreholes were not used 
during the construction of the basemaps 
excluding the one HAAS, et al (2010, 5/4. 
Figure) created. Two different interpretations 
can be found in the literature based on an 
industrial seismic profile from the studied area 
(Figure 3) 

We carried out reflection seismic 
measurements in four contradictory areas. The 
excitation was performed by a hammer at every 8 
m, the geophone groups being 4 m in distance. 
The recordings lasted 1 second in each channel, 
sampling intervals being 0,25 ms. The proximity 
of settlements and roads had to be considered 
when appointing the locations. In favor of 
refining the morphology of the basement we 
performed magnetic measurements with an 
Overhauser magnetometer in 153954 points, 
covering 25,5 km2 area. The instrument was 
carried on back (in „walking mode”), performing 
continuous measurements and the positions were 
recorded with a built-in GPS. Standard correction 
was used while processing the data. 

 
3. Interpretation of the measured 
seismic profiles 

The main goal of the seismic survey was to 
precisely define the depth of the Pre-Cenozoic 
basement. Because the lenght of the profile is 
only a few hundred meters (with a maximum of 
700 m) it is considered as point-like data in the 
examination of the basement’s depth. No wells 
with accoustic profiles were known from the 
area of interest, therefore the velocity fields 
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were defined on the first arrival time of the 
reflected seismic waves. The velocity fields are 
rather approximate, although the data from the 
boreholes reaching the basement of the 
examined area are reliable as control measures. 

Generally speaking, the Pannonic sediments 
covering Penninic rocks of the studied area 
follows the ’1 s = 1000 m’ feature of the Pannon 
succession when converting the two-way time 
to depth value.  

 

 
 

Fig. 3. Different interpretation of industrial seismic profile in the studied area 
 
 

 
 

Fig. 4. Torsion balance map of the foreground of the Vas-hegy (mGal) 
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The profiles can be divided into two parts 

based on the geometry of reflexions. In the 
upper part, the Pannonian sediment is 
characterized by strictly parallel reflexions with 
varying amplitude, then a very clear horizont 
separates it from the basement’s incoherent, low 
intensity, mostly constant reflexions. This 
statement is proved by the seismic profile of 
Felsőcsatár that was carried out besides the Fcs-
48 exploration borehole on intention. The 
reflexion interpreted as the basement and the 
basement depth perceived from the 
stratigraphical survey of Fcs-48 borehole can be 
correlated excellently on the seismic profile. 

On the profile of Perenye the defined 
horizon is at 480 m depth, below that the picture 
is significantly disturbed. This reflexion cannot 
be followed through the section due to missed 
CDPs, at some point it even gets interrupted 
because we did not receive information from the 
mentioned depth. The profile of Gencsapáti has 
the basement at 472 m depth relative to sea 
level. These depths are in consonance with the 
conception of FLÜGEL (1988, Figure 5/1) and 
KILÉNYI & RUMPLER (1984, Figure 5/3), 
however HAAS et al.(2010, Figure 5/4) and 
DANK & FÜLÖP (1990, Figure 5/5) 
underestimated the depth of the basement. The 
two profiles cover the area where the 500 m 
contour line turns back by 180°, displaying a 
saddle morphology interpreted by KILÉNYI & 
ŠEFARA (1989, Figure 5/2). However, this idea is 
not confirmed by the new data, because the 
basement is deeper in the northern profile. If 
this saddle morphology existed, it wold be 
rather flat and the 500 m contour line would 
turn back more north. 

There is a defined line between 250-320 m 
depth on the profile at Narda, deepening from 
west to east, showing an eastern dip of the 
basement. Below this line we cannot recognize a 
defined reflexion, therefore this refracting 
surface indicates the base of Tertiary. This means 
approx. 55 m basement depth (considering 
topography as well) relative to sea level. The 
obtained information refutes the idea of FLÜGEL 
(1988, Figure 5/1) and of DANK & FÜLÖP (1990, 
Figure 5/5), who state that the basement is above 
0 m here. Though the profile do not exclude the 

other three interpretations, the basement dip (on a 
600 m long profile approx. 70 m elevation 
between the end points) would require the 
basement to be rather close to the 0 m contour 
line, thus at this point the most probable 
interpretation is from KILÉNYI & RUMPLER 
(1984, Figure 5/3). Having examined the 
industrial survey performed nearby (Figure 3), 
we can draw conclusions regarding the basement 
depth. West from our measurement the survey 
shows a height in the basement that could be 
regional according to KILÉNYI & RUMPLER 
(1984, Figure 5/3) where the contour lines are 
from north-northeast to south-southwest 
direction, hence they are rising to the west. On 
the other hand, KILÉNYI & ŠEFARA (1989, Figure 
5/2) describe different local heights, one is Vas-
hegy, another is in the foreground of Kőszeg 
Mountain, covered with neogene sediment, 
between them there is a third height without 
known outcrop. This ridge can explain the Narda 
height, therefore the elevation to the north can be 
interpreted by both maps (Figure 5). 

On the profile of Felsőcsatár we identified 
a reflexion as basement at 185 m above sea 
level, running along almost the complete lenght 
of the survey. Close to the end of the profile, 
borehole Fcs-48 reached Penninic rocks 170 m 
above sea level. Therefore both KILÉNYI & 
ŠEFARA (1989, Figure 5/2) and DANK & FÜLÖP 
(1990, Figure 5/5) could propose a possible 
concept, the rest is considered false. The 
reflexions become disturbed and hard to follow 
at the eastern end of the profile, the basement 
depth drops nearly 70 m. According to FLÜGEL 
(1989, Figure 5/1), this is caused by a normal 
fault. This can be a possible solution for this 
problem, although no undeniable evidence was 
found to support this theory. The cause of the 
high amplitude reflexion visible above the 
presumed basement is questionable, it might be 
the result of a thin lignite layer known from the 
stratigraphical series of a borehole nearby. 

Our data of basement depth certainly 
contain errors that may exceed the precise data 
marked in boreholes. In our case, improper 
knowledge of velocity field and the finite 
resolution of time resulting from the use of low 
frequencies can degrade the accuracy. 
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Fig. 5. Deviation of the pre-tertiary basement's depth in the foreground of Vas-hegy 
based on the several authors' interpretation 
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4. Magnetic data interpretation 
 Since the available magnetic anomaly maps 
contain data from the vertical component (Δz) 
and our instruments measure the horizontal 
component of the Earth’s magnetic field and the 

vertical gradient of the magnetic intensity, we 
use the well-known trigonometric conversions 
(KIS K. 2007, 2009) to compare all data, thus 
the measured intensity and anomaly values 
became converted to Δz. 

 

 
Fig. 6. dZ magnetic anomaly map of map of the foreground of the Vas-hegy (nT) 

 
  Having compared the two maps we can 
state that the magnetic anomaly isolines 
correlate well with the map created fifty years 
ago, and both map scales show approximately 
140 nT difference between the minimum and 
maximum values. Based on these it can be 
asserted that the systematic variance among the 
Δz values originate from using different bases 
and that on data deficient areas our 
measurements correspond to reality. Despite the 
limited measurement techniques and 
opportunities we accomplished the exploration 
of these incomplete areas contributing to the 
refinement of magnetic maps (Figure 6). 

The next step was to compare our magnetic 
anomaly map to the debated basemaps. Although 
the magnetic anomaly may not be suitable for the 
recognition of the basement, in this case it proved 
to be useful because in this area the basement is 
composed of Penninic formations. The 

Hungarian Penninic rocks are of metaophiolite 
origin (BALÁZS E. 1975), therefore they contain 
significant amount of metabasalt that have one or 
two order of magnitude higher susceptibility than 
the covering Pannonian series (values related: 
AHL et al. 2007). 
 As the result of comparison, in most of the 
cases our measurements are in accordance with 
the concept of KILÉNYI – ŠEFARA represented on 
Figure 5/2. The basemaps of KILÉNYI - 
RUMPLER and DANK - FÜLÖP on Figure 5/3. and 
5/5 display less similarity to our results, and the 
Figures 5/4. and the 5/1 showing Austrian and 
inland maps correlate to our data the least of all. 
The consequence from the results of our 
measurements and the comparison of maps is 
that an east-northeast foothill of Vas-hegy may 
exist buried under the surface due to the shape 
of the anomaly and to the basement morphology 
of the best matching map. 
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Preparation of the base map 
Here is a summary of the noticable 

discrepancies among the boreholes, seismic data 
and basemaps in the order of publication: 

Flügel (1968): The borehole 'Szh-II' 
reached the basement roughly 350 m deeper 
than indicated on the map. The presumed run of 
contour line 0 is confuted by data from three 
surveys and one borehole. 

 
Kilényi & Rumpler (1984): The borehole 

'Szh-II' reaches pre-cenozoic strata at -1850 m. 
In the map it is shown between '-1000 m' and '-
1500 m'. Both borehole 'Fcs-48' (170 m) and 
Fcs survey (185 m) seem to be closer to the '-
500 m' contour line than to  the 0. 

 
Kilényi & Šefara (1989): According to the 

basement depth from the northernmost 'Pe' 
survey the return of '-500 m' and '-1000 m' 
contour lines to southwest is not justified. 

 
Dank & Fülöp (1990): The borehole 'Szh-II' 

(-1850 m) is between '-1000 m' and '-1500 m' 
contour lines, and in the west side of the area two 
survey- and one borehole-based data record below 
sea level make it above the '0 m' contour line. 

 
Haas et al. (2010): The two northernmost 

surveys (Pe: -480 m, Ga: -472m) are located 
between the '-500 m' and '-1000 m' contour 
lines, and both  survey  'Fcs'  and  borehole 'Fcs-
48' reach the basement above see level, still on 
the map they seem to be below 0 m. 

 
For these reasons it was necessary to create 

a detailed, more realistic basement depth map 
from the available data. As a first step we 
interpolated a basemap by krieging depth data 
derived from seismic survey and boreholes 
reaching the basement in the examined area. In 
the region of Vas-hegy 18 boreholes reached the 
basement in shallow depth, hence even 
interpolation could create reliable maps in this 
area.  
 This interpolated map was the basis for 
further analysis. Gravity and magnetic maps 
were used to refine the trajectory of contour 
lines. Data from Bouguer anomaly (Figure 2) 
and torsion balance (Figure 4) were based on 
density differences deep under the surface; the 
density of rocks in the metamorphic basement is 
greater than the covering cenozoic sediments. 
We expect the magnetic measurements (Figure 
6) to help our work for reasons described in the 
chapter ’Magnetic data interpretation’. It is 
important to note that the azimuth of isolines in 
the magnetic map resembles the gravity maps. 

 

 
Fig. 7. The new base map of the foreground of Vas-hegy 
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We examined if the U-shaped morphology of 
basement at the west end of the industrial 
survey appears in either one of the gravity or 
magnetic maps (Figure 3). When reading the 
values of crossed anomaly isolines it turned out 
that the data of torsion balance and Bouguer-
anomaly maps follow the valley-shaped 
morphology. This does not apply to the 
magnetic data, therefore the question emerges 
whether some kind of change happens to the 
structure of rocks (e.g. a tectonic effect resulting 
in Penninic formations on the west side). Since 
we were unable to analyse the structure of 
basement during the construction of the 
basement depth map (Figure 7), gravity maps 
took precedence of the magnetic maps. As a 
final step we used the data from boreholes not 
reaching the basement (point-like data providing 
minimal information on basement depth) to 
refine and verify the results. 
 
5. Conclusion 

The more than 200 m difference in 
basement depth in the data of Narda and 
Felsőcsatár (being on the same meridian, 
approx. 3 km away from each other) indicates 
the Vas-hegy has an eastern, underground 
foothill. However, data from gravity maps, the 
survey from east to Vas-hegy and the Tot-1 
borehole do not justify the concept of KILÉNYI 
& ŠEFARA (1989) presuming a saddle in the 
basement detectable in 1000 m depth, it is more 
likely that Vas-hegy and Kőszeg is connected 
with a foothill (more shallow than 500 m) which 
may become narrower and steeper at the level of 
Tot-1 borehole. As moving away from the hill, 
the basement goes deeper to the southwest. It is 
more likely to deepen in a steady manner as 
stated by the industrial seismic survey, than 
with a presumed trench morphology nearby the 
Szombathely-II borehole (HAAS et al. 2010) 
(Figure 5/4). 
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