
NEOGENE TECTONICS OF THE MEZŐFÖLD

Antonina D udko

Geological Institute of Hungary, H -1143 Budapest, Stefánia út 14.

K e y w o r d s :  basins, compression, earthquakes, Hungary, Miocene, neotectonics, strike-slip faults, structures, tectonics, 
Transdanubia

The pre-Cenozoic basement of the Mezóföld region consists of five tectonic units, namely, the Bakony, Buda, Igái, Tolna and 
Mecsek units. The Udvari-Diósberény area belongs to the Tolna unit with the Tamási line on its northern, and the Middle Hungarian 
line on its southern boundary. In reflection seismic sections, two compression stages are identified, one of them being Badenian, the 
other, Early Pannonian in age. Faults along the boundaries of the central depression were rejuvenated after Pannonian, as can be seen 
from flower structures connected with sinistral strike-slip movements across the Pannonian sediments. Most of the Miocene faults have 
been rejuvenated, the reactivating of the Middle Hungarian line is, however, only observable at Paks, ending to the west of it. In the 
Udvari-Diósberény area, a small Miocene basin has been revealed, its boundary faults being free of post-Pannonian displacements. 
Earthquakes reflecting Quaternary activity are related to faults. The appearance of those faults on the surface is not always apparent.

1. Introduction

Regional tectonic analysis covered the Middle 
Transdanubia north and Northwest of the UdvariDiósbe- 
rény area, as well as the Paks area to the east of it. For the 
Middle Transdanubia, an initial interpretation of gravity 
and magnetic maps together with a few reflection seismic 
sections (B a l l a  et al. 1987), was followed by the study of a 
reflection seismic network ( D á v id  1992, 1993, 1995), 
which resulted in a comprehensive picture for the area. 
Data from the Paks area were processed several times 
(B a l l a  1988, 1994, 1995, H orvAt h  et al. 1990, 1993, 
Sza b ó -K il é n y i 1994). One single seismic profile ( D á v id

1993) only runs across the Udvari-Diósberény area to 
connect two other areas, but there are gravity and magnet
ic maps (printed by K o vá csvó lg y i from the national com
puter database, ELGI 1995a-b) available for the whole of 
the region. Based on these materials, an attempt is made to 
outline the Neogene structure of the region, and the faults 
in the Pannonian sediments, in this way allowing an assess
ment of the Udvari-Diósberény area.

2. Tectonic overview

The task is to assess suitability for near-surface disposal 
of radioactive waste (B a l l a  1997b), hence, first of all the 
recent tectonics should be taken into account. Thus, main
ly Oligocene through Early Miocene and Neogene struc
tures will be discussed. Firstly existing knowledge derived 
from the literature will be reviewed.

2.1. Oligocene through Early Miocene structures

In the basement geological and tectonic map of 
Hungary (F ülóp and Dank 1987, Dank and F ülóp 1990), 
pre-Cenozoic formations were arranged into two tectonic

superunits based on their facies types ( B r e z s n y á n s z k y  
and H a a s  1985, B rez sn y á n szk y  et al. 1986, F ü lö p  et al. 
1987). The boundary between these Pelso and Tisza supe
runits falls on the Zágráb-Kulcs line (W ein  1969) which 
in the model of Ba l l a  ( 1997a) follows three independent 
faults, the Kapós, Tamási and Kulcs lines.

According to B a l l a  (1982, 1984, 1989) and R o y d en  et 
al. (1983) the first-order tectonic boundary within the 
Pannonian region merges with the Szolnok flysch zone. 
B a l l a  (1989) traces that boundary along the Kapós line 
then south of Paks and turns it in the ENE into the 
Szolnok flysch zone. K o vá cs  (1987) accepts that the 
boundary between the Tisza and North Pannonian units is 
the same Middle Hungarian line which played a significant 
role in Late Eocene and Early Miocene events according 
to Ba l l a  (1989) and C so n to s  et a l (1991, 1992).

Following the model of K á z m é r  and K o vá cs  (1985) 
many scientists (B a l l a  1989, N a g y m a r o sy  1990, C s o n 
to s  et al. 1992) believe that the Bakony unit got into its 
present position by detachment from the Alpine region 
during the Paleogene and also in the Early Miocene. The 
southern boundary of the Bakony unit which moved on a 
dextral strike slip was primarily located on the Balaton line 
(K á z m é r  and K ovács 1985, N a g y m a r o sy  1990). Ba l l a  
(1989), however, thought that the 500 km displacement of 
the Bakony unit was accompanied by a wide shear zone 
between the Balaton and Middle Hungarian lines. Due to 
that shear, units within the basement were squeezed out 
and formed “tails” towards the southwest. The zonality of 
the basement has originated by this process: In that model 
(B a l l a  1995), the Middle Hungarian line running at Paks 
was a site of strong dextral shear in the Oligocene, and that 
of compression and sinistral shear, in Early and Middle 
Miocene. C s o n t o s  et al. (1991, 1992) also think that the 
area between the Balaton and Middle Hungarian lines suf
fered shear in Late Eocene and Early Miocene.



E

oCM ‘

O ¿ y

cc
Í

. CN 5 s
<
09

= S

¿5 « •=
'S 5  3
J3  I C

'S u i
«5 ’S  I

os I

So>>
ON00Os

oá

<
09

JSt*í♦CÖ>
*53

¡s

*«

„ oo «  •« 
w  t/5 
N  > . 
V 3  oo•co od  .Xtic «í z  t/5'2  o  00 ^

& *> oo •Ç -D
'S >>’ CJ ooc  V<u .X

- I ¡2
"  I 
£  ^  

i éo ¿
j a

oo•o oo

H
I



Figure 3. LA-15 migrated seismic time section (Dávid 1993), fragment

Pa — Pannonian (Upper Miocene), M — Miocene, Pg — Paleogene, Mz — Mesozoic fundament; letters in circles — fault codes in Figure 4

3. ábra. LA-15 migrált szeizmikus időszelvény (Dávid Gy. 1993), részlet

Pa — pannóniai összlet, M — miocén, Pg — paleogén, Mz -  mezozoos alaphegység; betűk körökben — törések jelei a 4. ábrán

2.2. Neogene structures

The main features of the area arose in later Miocene 
synchronously with basin subsidence and volcanic activity. 
There are several models for Miocene basin subsidence. 
Essentially they relate the subsidence to the east or north
east directed displacement of the basement units relative 
to thé European plate with sinistral movement upon the 
Middle Hungarian line (B alla 1984, H orvâth 1990, 
1993, C sontos etal. 1991, 1992, Royden 1988).

In Middle Transdanubia, according to B alla et al. 
( 1987), Paleogene and Early Miocene sediments were fold
ed in the zone of the Balaton line in connection with colli
sion and rotation of the units (B alla 1984).

Based on the analysis of seismic data from the Paks 
area H orvâth et al. ( 1993) thought that the basin develop
ment is much more complicated than was believed earlier, 
displaying a multiphase tectonic activity and varying 
through time. In contrast with the previously postulated 
two primary (syn-rift and post-rift) phases, five stages were 
distinguished to describe basin development: (i) transten
sion in Early and Middle Miocene, (ii) compression in Ba- 
denian, (iii) subsidence and basin development in Late Ba- 
denian and Early Sarmatian, (iv) compression in Early 
Pannonian and (v) basin filling in Early and Late Pan- 
nonian. Finally, compression and tectonic reactivating in 
Quaternary was suggested.

Analysis of seismic and other data from the Paks area 
led Szabô-K ilényi ( 1994) to the conclusion that the 
SW -NE oriented fault at Paks, and SSW -NNE oriented 
accompanying faults were operating as sinistral strike slip 
in Middle Miocene and rejuvenated in the Pannonian also 
as sinistral strike slip. Balla (1995) related that fault to 
the first order tectonic boundary and demonstrated that its 
Quaternary rejuvenation is questionable.

3. Young tectonics of Mezôfôld

Neogene and Quaternary structure is regarded here as 
young. The author thinks it originated from partial rejuve
nation of the older, Oligocène through Early Miocene 
structure. Thus, to understand it, the older basement struc
ture should be known and therefore information on that 
structure will be given first.

The main features of the Mezôfôld structure were 
formed in the Neogene. The Neogene structure will be out
lined mainly on the basis of geophysical data since the 
borehole information is very limited. Geophysical data can 
be gathered into three groups: (i) gravity anomaly patterns 
mainly reflecting changes in basement topography, (ii) the 
set of seismic profiles displaying basement surface and 
internal structure of the sedimentary pile and (iii) magnet
ic anomaly pattern recording distribution of felsic and 
mafic volcanites. Since volcanites sometimes can be only 
suggested from seismic sections, magnetic anomalies will 
be discussed after the seismic sections.

Fault networks derived from geophysical and borehole 
data will be outlined separately, then the age of the rejuve
nation will be discussed. Finally, some words about the 
seismicity will be given.

3.1. Basement structures

In the pre-Cenozolc basement of the Mezôfôld, Five tec
tonic units are distinguished according to Balla (1989 , 
Figure 1 ). The Bakony, Buda and Igal units are compo
nents of the Northern superunit. In the area in question, 
the sheared edge of the Bakony unit, the “tail” of the Buda 
unit, and the Igal unit which is a similar “tail” of the Bükk 
unit far in the northeast, are observable. In that model, the 
Balaton line is not the tectonic boundary of the Northern
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Figure 4. Fault map from seismic sections (Dávid 1992, 1993, 1995)

P, P|, P2 faults in Paks area, after B a l l a  (1995), 1 — steep reflector zone (strongly disturbed Eocene, Oligocene to Lower Badenian sediments), 2 — less 
expressed disturbed zone, 3 — fault at the base of gentle disturbed Neogene sequence, 4 — rejuvenation zone in Pannonian (Upper Miocene) sediments 
at the highest level of seismic sections, 5 — strike-slip fault, 6 — normal fault, 7 — reverse fault, 8 — compression zone in Miocene sequences (of Early 

Pannonian age), 9 — the deepest horizon of a basin, 10 — Buzsák line, 11 — the „Nagykarácsony volcano”, 12 — borehole

4. ábra. Töréstérkép szeizmikus szelvények (Dávid Gy. 1992, 1993, 1995) alapján

P, P], P2 törés a paksi körzetben, Balla Z. (1995) nyomán. 1 — meredek reflexiós szintek öve (erősen diszlokált eocén-oligocén-alsóbádeni képződ
mények), 2 — kevésbé kifejezett diszlokált öv, 3 -  törés a kevéssé diszlokált neogén összlet bázisán, 4 — pannonjai összlet kiújulási öve a szelvények legma
gasabb szintjén, 5 — eltolódás, 6 — vetődés, 7 — feltolódás, 8 — kompressziós törés miocén összletben (alsópannóniai korú), 9 —a medence legmélyebb

szintje, 10—Buzsáki-vonal, 11 — “Nagykarácsonyi-vulkán”, 12 —fúrás

superunit but one of the lines originating from the 
Oligocene through Early Miocene shearing. It is the south
ern boundary of the shear “tail” of the Velence granites, 
traceable from Ságvár up to Buzsák and even Gelse 
towards the west, belonging to the Bakony unit. To the 
southeast the Buda facies zone of the Northern superunit 
is situated, more precisely, the shear “tail” of the Buda 
unit. The southern boundary of the latter is the Buzsák 
line of shear origin, and beyond it is situated the Igal unit. 
In the area discussed, the Igal zone is bordered in the 
south by the Tamási line which merges in the northeast 
with the Kulcs line. The Tolna unit is located on the other 
side of the Tamási line. Its Mesozoic sequences are similar 
to that of the Southern, not Northern superunit. Never
theless, in the later, Senonian-Paleogene structure it is 
north of the first-order tectonic boundary (Szolnok flysch 
zone), i.e. it belongs to the Northern, not Southern supe

runit despite the characteristics of its Mesozoic sequences. 
The Mecsek unit only is included into the Southern supe
runit in the region discussed (Figure 1). The Udvari- 
Diosbereny area falls in the Tolna unit.

3.2. Gravity anomaly pattern

The gravity anomaly pattern reflects to a first approxi
mation the basement topography, its maxima being con
nected with basement highs, and the minima, with lows. In 
the anomaly pattern of Mezofold, three gravity highs can 
be delineated, namely a northern, a central and a southern 
one (Figure 2). Along their strike in a W -E direction, all 
o f them consist of several local maxima. Between them, 
the central and the southern gravity low is visible.

Within the northern gravity high, the western maximum 
falls on the Balatonfo block with the metamorphic base-
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Polgárdi-m. Börgöndi-m.

Figure 5. Schematic seismic time section along the profile LA-37 (Dávid 1993)

For captions, see Figure 3

5. ábra. Vázlatos szelvény a LA-37 szeizmikus időszelvény (Dávid Gy. 1993) mentén

Jelmagyarázat a 3. ábrán

NW SE
Tolnanémedi Pincehely Udvari

Figure 6. Schematic seismic time section along the profile REG -2 (D ávid 1993)

For captions, see Figure 3

6. ábra. Vázlatos szelvény a REG-2 szeizmikus időszelvény (Dávid Gy. 1993) mentén

Jelmagyarázat a 3. ábrán

ment of the Bakony unit, whereas the eastern maximum 
can be related to the continuation of the Seregélyes Meso
zoic (Buda unit). Two small maxima in the area of the 
borehole S om -1 in the farther south-western continuation 
probably indicate elevated blocks.

The gravity low Iregszemcse-Sárbogárd traces the cen
tral depression (B a l l a  et al. 1987) or the Nak trough 
( D ávid  1992) towards the northeast. Further in that direc
tion, at Sárbogárd, the depression becomes shallower and 
narrower. In deep zones of the central depression, the 
basement is about 2.5-3.5 km below the surface (K ilé n y i 
and S efa ra  1989).

The central elevation appears at Tolnanémedi, and is 
traceable to the east. The Jurassic in the Tolnanémedi 
block and the metamorphites in the Németkér block are 
situated close to the surface. East of Sárbogárd, the gravity 
high is located south of the Iregszemcse-Sárbogárd gravity 
low but is separated from the Németkér block as well. 
Hence, the joint pattern of the central depression (Ireg- 
szemcse-Sárbogárd minimum) and of the central eleva
tion (Tolnanémedi-Németkér maximum) becomes com
plicated. Borehole S z ta -1 on the Dunaújváros elevation 
penetrated metamorphic slates whereas there are no bore
holes on the maximum west of Mezőfalva.

The Udvari-Diósberény area is completely within the 
southern gravity low, traceable up to Paks in the east.

The southern elevation is marked by gravity highs at 
Kurd and Tolna. Boreholes at Kurd cut Mecsek type Low
er Cretaceous whereas those at Tolna cut granites.

3.3. Seismic profiles

The reflection seismic network covers areas at Paks 
and north of Udvari (Figure 2) in variable density. West of 
Sárbogárd, the network was denser than to the east. The 
Middle Transdanubian and Paks areas of seismic survey 
are connected with a single profile (REG-2, D á v id  1993).

In the seismic profiles, the base of both the Pannonian 
and the Miocene sediments is marked by a sharp change in 
the reflection properties, except for the northeast ( D á v id  
1992, 1993, 1995). In all the profiles, horizons at the base 
of the Pannonian (II) and at the basement surface (I) were 
traced. In the northwest, the surface of the folded Paleo
gene sediments marked by steep reflections was indicated 
by “II”, and the base Pannonian, by “III”.

An internal structure of the pre-Cenozoic basement is 
usually not recognizable.-The central depression is mainly 
filled by Pannonian sediments, and the thickness of under-
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Figure 7. Migrated seismic time section LA-28 (Dávid 1993), fragment

For captions, see Figure 3

7. ábra. LA-28 migrált szeizmikus időszelvény (Dávid Gy. 1993), részlet

Jelmagyarázat a 3. ábrán

lying Miocene sediments seems to be about three times 
less. In central areas, Miocene-Pannonian sedimentation 
appears to be continuous in profiles whereas disconformi- 
ties are visible in peripheral parts. For the basin northeast 
of Udvari, a sharp unconformity is also typical.

In the following, compression structures, boundary 
faults of Miocene basins and flower structures in Pannon- 
ian sequences will be discussed.

3.3.1. Miocene compression structures

The most characteristic phenomenon of the north
western area is the dislocation zone delineated in boreholes 
and three seismic profiles (B a lla  et al. 1987). That zone 
appears in seismic profiles as a series of steep, northwest
dipping reflections (Figure 3, Pg). In the northwest, on the 
boundary between the steep Paleogene and relatively quiet 
Miocene, an erosional unconformity was supposed to be 
present (D A v id .. 1992), and the whole strip was named the 
“Paleogene zone”. The fine-grained sands and argillaceous 
marls of the Karpatian, however, cut by the borehole 
Lajoskomarom Lk-1, displayed similarly steep reflections 
(profile LA -28) whereas the dips in the borehole varied 
between 15° and 85°, i.e. were folded (B a lla  et al. 1987). It 
is not clear why the folded sequence appears in the seismic 
profile as a steep but monoclinal structure, but it can be 
stated, there is no unconformity between the folded Lower 
Miocene and Oligocene, and the sequence seems to be 
continuous (D A v id  1992). It is obvious that not only the 
Paleogene but also part of the Miocene (Karpatian, 
Badenian) is also folded, as was stated by B a l l a  et al. 
(1987). The recent Nagybereny-1 borehole, which was

drilled for thermal water exploration, cut steep Kiscell 
Marls (Middle Oligocene) in 680-1674 m, below gentle 
dipping Upper Badenian, Sarmatian and Pannonian sedi
ments ( J á m b o r , oral contribution).

The Paleogene-Miocene sequence occurs in the north
west, within a SW -NE trending narrow (4-8 km) trough 
along the Balaton line (Ba), on its southern limb (Figure 
4). The dislocation zone is crossed by a transversal 
(N W -SE) fault. The southern boundary of the trough is 
easily traceable in seismic sections whereas the northern 
one is rather uncertain because the seismic profiles only 
reach, but never overlap the boundary. D á v id  (1992, 
1993) regards the southern boundary as having a sinistral 
strike-slip nature. The zone coincides with the “strongly 
disturbed Paleogene-Miocene” of Ba l l a  et al. ( 1987). The 
“sinistral strike-slip nature” can only be supposed from the 
flower structures in Pannonian sediments. In the Miocene, 
the 4-8 km wide compression zone acted rather as a thrust 
belt. The northern boundary only coincides with the Ba
laton line in the west, for east of the transversal fault at La- 
joskomárom it deviates to the south of that line (Figure 4). '

The zone of steep reflections can be recognized below 
the Pannonian sediments in the profile LA-37 east of the 
Seregélyes Mesozoic (Figure 5). The profile LA-37 con
firms interpretation the of the profile GO-27 across the 
Polgárdi basin ( D u d k o  1988, D u d k o  et al. 1989). It is not 
excluded that Paleogene sediments are present here as 
well, instead of Lower Miocene as was formerly thought. It 
can be concluded from the profile LA-37 that southeast of 
the Polgárdi fault (Po,) another fault exists which sepa
rates the Polgárdi basin from the granite strip (Figures 
4-5, Po). Granites are bordered by the Balaton line (Ba),



and southeast of it the Börgönd basin of Miocene age was 
located ( D u d k o  1988, D u d k o  et al. 1989). Well reflecting 
Miocene sediments are underlain here by transparent for
mations (perhaps Velence Eocene), then, the doming base
ment surface is visible. It may consist of Lower Triassic 
penetrated south of the Velence Hills and, perhaps, 
Permian known from boreholes at Dinnyés.

Besides the dislocation zone, there are other compres
sion features in the profiles as well. In the deep parts of the 
basin, D á v id  (1992, 1993) indicated two compression 
faults which only cross Miocene sediments (Figures 3-5, 
C |, C2). Compression faults appear in several profiles as 
rather wide transparent zones (Figures 4-5). Since those 
faults seem to be rather steep in the profiles their strike- 
slip origin is more probable, i.e. they are of transpression 
origin. D ávid  (1992) recognized compression in the waves 
at the base of Pannonian sediments (Figure 3). 
Accordingly, that compression took place at the beginning 
of the Pannonian and can be regarded a trace of the Early 
Pannonian compression described for the Paks area 
( H orváth  et al. 1993). Traces of that compression are visi
ble in all the seismic sections, not only in deep basins. 
Steeply dipping Miocene sediments are observable along 
the southern edge of the central basin (Figure 5) similar to 
those in the Miocene basin northeast of Udvari (Figure 6).

B a lla  et al. (1987) considered the Tolnanémedi eleva
tion to be of compression origin and believed the north
western boundary fault to be a normal fault and the south
eastern one to be a reverse fault. The Tolnanémedi block 
was probably elevated during the deposition of Miocene 
and partly even Pannonian sediments since reflections do 
not bend but collide with the elevation (Figure 6). 
Southeast of Tolnanémedi, the basement surface in a high 
position is strongly tectonized. Miocene sediments are 
absent. The surface of the base of the Pannonian is dis
membered, probably as an effect of the Early Pannonian 
compression. As a consequence, the concept of relating 
the Tolnanémedi “wedge structure” to the Badenian com
pression (B a lla  et al. 1987) should be modified.

3.3.2. Boundary faults of Miocene basins

Boundaries of the Miocene basins are not unambigu
ous, probably due to later compression. They are markedly 
expressed if faults cross the Pannonian sequence as well. 
The north-western edge fault of the central depression usu
ally appears as a normal fault (Figure 3, B), the south-east
ern one being interpreted in terms of sinistral strike slip 
( D á v id  1992, 1993, “Zagreb-Kulcs line”). The depression 
is asymmetric, its axis through the deepest points is situat
ed closer to the south-eastern edge (Figure 4).

The edge faults of the Miocene basin northeast of Ud
vari are unambiguously normal faults (Figure 6, G ,, G 2) 
with no rejuvenation in Pannonian times.

3.3.3. Flower structures in the Pannonian sequence

In the Pannonian (Upper Miocene) sequence, above 
almost all the faults within the older sequences flower 
structures are visible which mark the rejuvenation of tec
tonic processes. Those flower structures are usually related 
to strike-slip movements within the basement. The flower 
structure pattern of the seismic profiles is highly variable, 
with symmetric or asymmetric branches. In the profile 
LA-28, the south-eastern fault edge of the central depres

sion, i.e. the Tamási line, is accompanied by strong bend
ing and a wide fault zone (Figure 7, D). That flower struc
ture seems to have a compressive origin, similar to the 
symmetric flower structure above the dislocation zone 
(Figure 3, A). At the same time, the rejuvenation of the 
north-western boundary of the depression (B) appears to 
be of normal fault, i.e. an.extension origin. Similarly to the 
Paks area (S za b ó -Kjl é n y i 1994) the corresponding stress 
field is not clear. Frequently, the flower structure itself can
not be unambiguously detected.

Faults and flower structures in the Pannonian sedi
ments (Figure 4) were mostly generated due to the reacti
vating of faults in the Miocene and older sequences.

Besides the faulting features outlined in seismic sec
tions, important structural information is recorded in mag
netic anomalies which reflects volcanite bodies in both the 
basin filling and the basement;

3.4. Magnetic anomalies

Magnetic anomalies (Figure 2) are most probably con
nected with volcanic rocks. In the area discussed, three 
types of them can be distinguished; magnetic highs (Ud
vari, Diósberény) and lows (Paks) within gravity lows and 
magnetic highs (Kurd, Tolna) on gravity highs.

The first type is represented by the magnetic high at 
Iregszemcse which has been related to Miocene andesites 
(B a l l a  1995).

Northwest of Dunaföldvár, three magnetic highs are 
visible forming a higher range of E-W  orientation, located 
between two N E-SW  directed ridges. In the top area of 
the latter, at Nagykarácsony south of Mezőfalva, D á v id  
(1995) suggested a volcanic center of Pannonian age. If 
that center consists of Pannonian basalts, the whole of the 
E-W  oriented magnetic ridge can be related to them. The 
two other highs, Northwest of Mezőfalva and west of 
Dunaföldvár, strike in a NE-SW  direction, different from 
the previous one. They are situated within gravity lows of 
the first type, and thus can be related to Miocene volcanites.

The Sárszentmiklós rhyolitic ignimbrites known from 
an outcrop are free of any magnetic anomaly. In the neigh
boring seismic profile ( D U - 15, D ávid 1995) the Miocene 
appears at depths 400 m below the surface. The magnetic 
susceptibility of rhyolitic ignimbrites and tuffs is usually 
very low so that the absence of magnetic anomalies is not 
surprising. In any case, it indicates that the anomalies are 
not representative of volcanites in general but only those 
of them which are of felsic and mafic composition. The 
great depth to the Miocene top is perhaps due to presence 
of a fault between the Sárszentmiklós outcrop and the seis
mic profile with the outcrop on its hanging wall.

A seismic profile runs east of the Udvari-Diósberény 
magnetic high with no volcanic structure observable in it. 
Based on our experience in areas situated to the west, the 
high can be related to Miocene volcanites. A similar origin 
can be postulated for the magnetic high of the first type, 
south of Diósberény. Perhaps, Miocene volcanites are 
responsible for the Paks magnetic low, its negative source 
(second type) being unusual in basin areas.

Magnetic highs belonging to the third type are located 
on gravity highs, including those at Kurd, and as is known 
from boreholes, they can be related to Lower Cretaceous 
alkaline basalts. Magnetic highs southwest and northeast 
of Tolna are, probably, of the same origin.



3.5. Fault network

Faults in the Pannonian were mapped in the Paks area 
at the base of the sequence (S zabó-Kilényi 1994, B alla 
1995). From the seismic material for the Paks and Middle 
Transdanubian areas, the Pannonian fault map has also 
been compiled to cover the Mezőföld area. The map dis
plays the structure of the base of the gently disturbed Mio
cene, and only when it is absent, that of the base of the 
Pannonian (Figure 4). The middle point of the faults cross
ing the base of the Miocene has been indicated in the map, 
and then the maximum width of the flower structures has 
been read at the highest level of those structures. The strip 
of flower structures has been drawn along the faults as 
their rejuvenation zone (Figure 4). If the accompanying 
faults are symmetrical relative to the main fault, the rejuve
nation strip follows that fault from both sides, whereas if 
they are asymmetrical (Figure 3) the strip may be shifted 
to one flank of that fault.

The zone of the folded Paleogene through Lower Mio
cene beds has also been displayed in the map as well. On 
its southern boundary, clear traces of rejuvenation are visi
ble, whereas the reactivating at the northern edge cannot 
be detected or rejected due to termination of the profiles 
in that zone. Miocene faults with no rejuvenation and the 
type of faults have been indicated as well.

Almost all the tectonic lines outlined above were reju
venated except for the western continuation of the Middle 
Hungarian line (Figure 4, O). In the west, the Middle 
Hungarian line is only visible in some profiles although the 
Pannonian sequence and its base are clearly recognizable. 
The structure of the underlying Miocene sequence can be 
interpreted in various ways or not interpreted at all. D ávid 
(1992) only indicated the base of the Miocene sequence in 
distinct sections of the profiles, this fact also pointing to 
the compressive style of the Miocene structure. The age of 
that compression, however, cannot be fixed. At the base of 
the Pannonian sequence, bending and faulting of beds is 
observable, these phenomena disappearing upwards. In 
the area in question, D ávid (1992) suggested a thrust base
ment unit but with no ideas on its age.

Rejuvenation of the Balaton line (Ba) is clear from the 
cross sections (the limited extension in space is due to 
small number of profiles). The most markedly expressed 
flower structure accompanies the Tamási line (Figure 4, 
D). D ávid (1992, 1993) explained it in terms of sinistral 
strike slip.

The position of the Buzsák line (Figure 4, A, Bu) 
should be discussed separately. Beyond the “strongly dis
turbed Miocene”, far to the west of the Mezőföld area, the 
borehole Ö reglak-1 to the south of Buzsák cut disturbed 
Miocene. Starting from this fact and accounting for the 
steeply (35°) dipping “Lower Miocene” sequence in bore
hole Som-1 Balla  et al. (1987) supposed a gently dis
turbed zone of Miocene with the Buzsák line on its south
ern edge. Based on the waves in the basement surface 
D ávid (1992) indicated a fault (Figure 3, Bu), northwest 
of it. However, no disturbed Miocene is visible. Thus, the 
Buzsák line, as a boundary between two tectonic units, can 
be located on the southern boundary of the disturbed zone 
(Figure 4, A) with rejuvenation along almost the whole of 
the fault.

Tracing tectonic lines in the northeast is unconvincing 
due more to the decreasing resolution of the seismic pro
files, than to the absence of faults. Tracing horizons in vol

canoes and elevated basement rocks is difficult, thus, the 
faults in the map are discontinuous in those areas.

3.6. Age of the rejuvenation

The most important question for the site exploration is 
that about the recent tectonic activity on the surface. The 
recent tectonic activity is connected mainly with displace
ments upon former faults due to their reactivating. The 
fact of the reactivating is clear from seismic sections, but it 
is problematical whether the reactivating lasted until 
recent times or not. The question can be correctly formu
lated as to what is the upper age limit for the flower struc
tures in the Pannonian sequence.

The upper age limit of the flower structures in the 
Pannonian cannot be deduced from seismic sections since 
the sediments in them are displayed from a distinct level 
within the Pannonian, not from the surface. Accordingly, 
the age of those structures is questionable. H orváth et al. 
(1990, 1993) regarded the flower structures as Quaternary 
in age. Pogácsás et al. (1989) related their generation to 
the Pliocene-Quaternary. Lőrincz and Szabó (1992) de
fined multiphase strike slips from seismic profiles at Szol
nok and related the last of them to the PlioceneQuaternary 
as well. Balla (1995) believed that the upper age limit of 
the tectonic rejuvenation is in general uncertain but within 
the Pliocene and Quaternary. In his opinion, the reactivat
ing can be rather related to the Pliocene when usually hia
tus and strongly reduced sedimentation were characteristic.

Looking now at the available facts, the geomorphic 
analysis describes the earth’s surface. The position and ori
entation of the Pleistocene faults outlined from that analy
sis (Jámbor et al. 1993), however, are strikingly different 
from those in the Pannonian, and most of the faults 
deduced only from the topography can be questioned in 
general as well (B alla  et al. 1993a). For instance, the 
Tamási line in the map of Pleistocene faults (Jámbor Á. et 
al. 1993) is shown differently from that in seismic profiles, 
and is uncertain northeast of Pincehely (where an earth
quake occurred, see below) and along the topographic step 
of the Kapós valley.

Joints measured in the Pleistocene loess directly corre
spond to the surface as well. Abundant measurements 
(more than two thousand) were made in the Paks area. 
Frequency and orientation of the joints are independent of 
the faults in Pannonian sequence studied in seismic pro
files, thus, a tectonic origin of them is highly doubtful 
(D udko and M aros 1994, Balla 1995).

Shallow seismic profiles relate to the Quaternary sedi
ments but not directly to the earth’s surface. Traces of 
Quaternary movements in the profiles at Paks are very 
restricted and uncertain (B alla 1995).

Drilling data were collected and interpreted by Jaskó 
and Krolopp (1991) who demonstrated that the Quaterna
ry fluvial sediments are thick below the Danube valley at 
Kalocsa but wedge out at Paks in the north. They 
explained this fact in terms of a dextral transcurrent fault 
along the E-W  section of the Danube bend. North of that 
fault, however, the fluvial sequence is absent even in the 
east (in the direction of the assumed displacement) so that 
the fault cannot be regarded to bear any dextral strike slip. 
In underlying Pannonian sediments, a fault striking in a 
different (at 30°) direction was outlined at the Danube 
bend, thus, even the existence of the fault assumed by 
Jaskó and Krolopp (1991) seems to be doubtful.



Earthquakes are directly connected with the present- 
day tectonic activity. Due to their practical significance 
they will be discussed separately.

3.7. Seismicity and tectonics

As is known, earthquakes usually occur where fault 
zones have existed previously (S ibso n  1989). Earthquake 
populations in Hungary (B a lla  et al. 1993b) fall on vari
ous lineaments, this fact demonstrating their connections 
with faults. The most of those faults form boundaries of 
Miocene basins and were rejuvenated after the Pannonian 
( D u d k o  1995). Experience from many countries (A ll en  
1975, S erva 1994) shows that faults only appear on the 
surface in connection with high-intensity (M>6) earth
quakes. Earthquakes in Hungary are weaker (M<5, T o th  
1995), thus, the recent rejuvenation most probably does 
not reach the surface.

The territory of Hungary belongs to a region of low 
seismicity. In the last fifteen hundred years 16 relatively 
strong, about 6-9° (intensity MSK-64) have been record

ed. The hypocentral depth varied between 2-20 km, and 
most of the earthquakes occurred in the upper crust 
(S z e id o v it z  and M ó n u s  1993). .

In the study area, one strong earthquake was recorded. 
It happened on June 22, 1892, at Pincehely, its intensity 
was I0 = 6.5 (M SK-64) with a focal depth of about 2 km 
( S z e id o v it z  and M ó n u s  1993). Southwest of it, several 
smaller earthquakes occurred which belong to the focal 
zone Nagyatád-Pincehely (B a l l a  et al. 1993b). The axis 
of that zone falls on the Tamási line with sufficient preci
sion (Figure 8) although the epicenters are spread over a 
wide strip, most of them being located on the elevated 
block south of the Tamási line. It should.be noted, howev
er, that most of them were historical earthquakes with no 
instrumental data so that location of the epicenters is in 
reality very uncertain.

If Pincehely is accepted as the site of the earthquake 
(also historical) the hypocenter falls onto the rejuvenated 
fault F, (Figure 6) within the block, not onto the Tamási 
line which is about 6 km in the north. The line F¡ (Figure 
6, D) seems to be insignificant when compared to the

Figure 8. Earthquake populations, lineaments (Balla et al. 1993b) and post-Pannonian faults

I -  contour of an earthquake population; 2-3 -  lineaments: 2 -  gravity gradient zone, 3 -  fault in seismic section; 4 -  post-Pannonian faults ; 5-7 -  
earthquake epicenter with magnitude (m, after Tóth 1995): 5 — m<2, 6 -  2<m<3, 7 -  3<m<4

8. ábra. Földrengés-fészekövek, lineamensek (Balla Z. et al. 1993b) és pannonjai utáni törések

1 — földrengés-fészeköv határa; 2-3 — lineamensek: 2 -  gravitációs gradiens-öv, 3 — törés szeizmikus szelvényben; 4 -  pannóniai utáni törések; 5-7 -  
földrengés-epicentrum, magnitúdó-értékkel (m, Tóth L. 1995 nyomán): 5 -m <2, 6 -  2<m<3, 7 -  3<m<4



Tamási line. Of course, it can be regarded as a secondary 
fault within that block which is related to the rejuvenation 
of the Miocene Tamási line. No direct data exists, however, 
on the seismic activity of the Tamási line.

4. Conclusions

In the pre-Cenozoic basement of Mezőföld, five tecton
ic units, namely, the Bakony, Buda, Igái, Tolna and Mecsek 
units can be delineated. The Udvari-Diósberény area be
longs to the Tolna unit bordered by the Tamási and Middle 
Hungarian lines. The zonal units within the basement were 
formed in the Oligocène and Early Miocene, the boundary 
faults were reactivated in Miocene.

Based on the reflection seismic network in the Middle 
Transdanubia and Paks area the Neogene structure of the 
Mezőföld has been outlined. Two compression stages have 
been revealed, one in Badenian, the other in Early Pannon
ian. Badenian compression took place along the boundary 
between the Buda and Igal units, Early Pannonian, in deep 
zones of the central depression in the Igal unit.

Most of the Miocene faults were rejuvenated. In the 
Pannonian sediments, this is marked by flower structures 
connected with sinistral strike slips. The south-eastern 
edge fault of the central depression, the Tamási line, is

accompanied by strong bending of the beds and by a wide 
zone of faults. The flower structure seems to be of com
pression origin.

Post-Parinonian rejuvenation of the Middle Hungarian 
line is only observable at Paks and to the east, while to
wards the west the rejuvenation ceases. In the Udva- 
ri-Diósberény area, a small Miocene basin is visible in the 
seismic profile with no post-Pannonian displacement.

The rejuvenation cannot be dated precisely in seismic 
profiles. Joints in the Pleistocene loess cannot be correlat
ed with the faults in the underlying Pannonian sequences, 
so their tectonic origin is highly doubtful, and they cannot 
be used to confirm Quaternary faulting. Earthquakes re
flecting present-day tectonic activity are obviously con
nected with faults, but the appearance of these on the sur
face is disputable.
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