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Abstract. One of the most significant neotectonic zones of
Hungary is the Mid-Hungarian mobile belt, which occupies
a key position of the Carpathian-Pannonian region, because
it is located at the boundary of two terranes. The study area
is situated in this belt at the central part of the Great Hun-
garian Plain, where on Mesozoic compressional structures
two basins of different ages are superimposed: the Paleogene
Szolnok flysch trough and the Neogene Pannonian basin.

A detailed tectonic analysis was carried out in a
100×60 km2 area on the basis of integrated interpretation
of seismic profiles of different penetration (deep, normal,
and shallow) and borehole data. The area shows typical
features of multi-phase tectonic evolution. The neotectonic
phase shows transpressional characters and it is of Quater-
nary age, most probably with activity until Recent times.
This transpression can be interpreted as the late rejuvena-
tion of a wide convergent wrench fault originally formed in
the Early Miocene, and first reactivated in the Late Miocene.
These three phases of strike-slip faulting have the follow-
ing characters and magnitudes of displacement. The Early
Miocene wide wrench system was right-lateral and it occured
along the Mid-Hungarian mobile belt with a few 100 km hor-
izontal displacement. The Late Miocene activity was left-
lateral transpression and the total displacement can be es-
timated at 5 to 10 km. The horizontal displacement in the
Quaternary can be 1 to 5 km and it is of a left-lateral char-
acter. In addition to the multiphase wrench activity distinct
compressional and extensional events are characteristic of
the area. Large scale thrust faulting occured during the Late
Cretaceous as part of the Eoalpine orogenic evolution of the
whole Alpine-Carpathian system. The main extensional ac-
tivity corresponds to the formation of the Pannonian basin
primarily in the Middle Miocene, and after an interruption,
during the Pliocene.

By analyzing the mapped structures formed during these
phases the paleostress field and its temporal variation have
been inferred. It can be concluded that the maximum hori-
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zontal stress axis shows a 90◦ clockwise rotation during the
Neogene through Quaternary from NW to NE. The horizon-
tal rotation of stress axes can be related to the shift of ter-
mination of subduction along the Carpathian arc. Complete
consumption of subductible lithosphere and, hence, onset of
continental collision exhibit a progressive time shift along
the arc from the Western towards the Eastern Carpathians.

1 Regional geology

1.1 Geological framework of the study area

The Mid-Hungarian mobile belt is situated on the boundary
of two terranes of different Mesozoic origin (Fig. 1). Geo-
logical data, comprising a lithological and facies correlations
between Alpine and Transdanubian formations (Kázḿer and
Kovács 1985), suggest a 400 to 500 km right-lateral horizon-
tal displacement in this belt during the latest Oligocene and
Early Miocene. The northwestern unit (Alcapa terrane) was
located at the southern margin of the Tethys ocean (Géczy,
1973), and constituted an integral part of the African plate in
Jurassic and Cretaceous times (Márton and Ḿarton, 1983).
The original position of the southeastern unit (Tisza terrane)
at the same time is disputable, but most authors agree that it
was associated with the northern margin of the Tethys ocean,
as part of the European plate (Balla, 1986; Csontos et al.,
1992). A synthesis of all relevant information, particularly
field observations, paleostress indicators and paleomagnetic
data suggests that the main displacement of the Alcapa unit
relative to stable Europe was a lateral extrusion from the
Alpine collision zone towards the East, as it was suggested
by Ratschbacher et al. (1991a, b). This lateral extrusion cul-
minated during the Early Miocene and was accompanied by
about 50◦ counterclockwise rotation. In contrast, at about
the same time, the Tisza unit underwent a 60◦ to 80◦ clock-
wise rotation with small scale lateral translation. The two
units became juxtaposed at the end of Early Miocene, and
the strongly deformed zone between the two units represents



248 K. D. Lőrincz et al.: Neotectonics and its relation to the Mid-Hungarian Mobile Belt

D
a
n

u
b
e

Mid-Hungarian mobile belt

Szolnok-Maramures flysch

Vienna

Budapest

Szolnok

Maramures

Belgrade

Bohemian
massif

European
platform

Moesian
plate

Dacides

Tisza

Alcapa

NORTH-WESTERN

UNIT

SOUTH-EASTERN UNIT

Alps

Carpathians

D
inaridesA

driatic

sea

K

K-B
B B

B-S

S

P-Q

15°E

5
0

°N
4

5
°N

25°E20°E

0 200 km

B S P-QK1. 2. 3. 4. 5. 6.

Fig. 1Fig. 1. Sketch of the Carpathian/Pannonian area (after Balla 1990 and Csontos et al., 1991) with the orogenic vectors (Jiricek, 1979) repre-
senting the displacement direction of the flysch nappes and the temporaly changing termination of the nappe transport along the Carpathian
arc; Keys: 1 = Study area; 2 = Transport direction of flysch nappes; 3 = Karpatian (17 to 16 Ma); 4 = Badenian (16 to 14 Ma); 5 = Sarmatian
(14 to 12 Ma); 6 = Pliocene-Quaternary (6 to 0 Ma)

the Mid-Hungarian mobile belt. We show in this paper that
relative motion between these two terranes has continued up
to recent time.

In the study area two basins of different age and areal ex-
tent overlie the Mesozoic rocks of the Mid-Hungarian mobile
belt: the Szolnok flysch trough and the Pannonian basin. The
flysch is named after the city Szolnok situated in the central
part of the Great Hungarian Plain. It is important to note
that the flysch trough continues in Romania, where it crops
out in the Maramures area (Fig. 1). The flysch trough was
filled up during the Late Cretaceous through Paleogene, and
the development of the Pannonian basin started in the Middle
Miocene. Thus the Szolnok flysch basin predated, while the
Pannonian basin postdated the major block movements and
deformations associated with the juxtaposition of the Alcapa
and Tisza terranes. This implies that the Paleogene basin
was affected by the Late Oligocene – Early Miocene trans-
pressional deformations, while the Pannonian basin saw an
extensional collapse of the flysch trough and the subsequent
reactivations of these structures throughout the basin evolu-
tion.

The tectonic activity between the two terranes has been
studied also by geological fieldwork (Györfi et al., 1999, and
Fodor et al., 1999). They observe that compressional events
occured during Early Miocene withσ1 oriented towards the

NNW, which overthrust the flysch rocks on the top of the
Tisza-Dacia terrane. This deformational phase could have
induced large block rotations in both units as suggested by
Fodor et al. (1999) in their new synthesis of paleostress data
related to the Tertiary tectonic evolution of the Pannonian
basin system.

The contemporaneous tectonic stress and crustal defor-
mation in and around the Pannonian basin was studied by
Gerner et al. (1999), with the use of stress determinations and
finite element modelling. Their results show that the align-
ment of the largest horizontal stress exhibits a radial (fan-
like) pattern in the Pannonian-Carpathian region. The radial
stress pattern can be explained by the crustal deformation of
the area (Bada et al., 1998; Bada and Horváth, 1998), which
is controlled by counterclockwise rotation of Adria with re-
spect to Europe around a pole at 45◦N latitude and 6–10◦E
longitude inferred from satellite geodesy and earthquake slip
vectors.

1.2 Formation of the flysch trough

The Szolnok flysch trough in Hungary is present only in the
subsurface, beneath the Neogene Pannonian basin (Báldi-
Beke et al., 1981), however, in Romania it crops out in the
Transcarpathian (Maramures) Flysch zone of the inner East
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Fig. 2. Basemap of all the seismic lines and boreholes used for interpretation; Keys: 1 = Interpreted seismic line; 2 = Seismic section shown
in this paper; 3 = Interpreted drill hole; 4 = Drill holes shown on the seismic sections in this paper

Carpathians (Sandulescu et al., 1981; Kilényi et al., 1991).
Based on micropaleontological investigations on core sam-
ples, the formation of the flysch deposits occured in a deep-
water basin. A gradual change from the deep-water con-
ditions to shallower environments proceeded until the end
of the Oligocene. The Szolnok flysch is characterised by a
non-continuous biostratigraphic record: Late Campanian –
Early Maastrichtian; Late Palaeocene – Early Eocene; Mid-
dle Eocene – Late Eocene and Late Oligocene nannoplank-
ton zones were detected in the stratigraphic record (Báldi-
Beke et al., 1981; B́aldi-Beke and Nagymarosy, 1992). The
amount of erosion of the flysch rocks was significant and
very variable: no post-Eocene rocks occur in the southwest-
ern segment, while in the Northeast even Early Miocene fly-
sch rocks have been found (Nagymarosy and Báldi-Beke,
1993).

Although more than 100 hydrocarbon exploration wells
have reached the Szolnok flysch, its total thickness and litho-

logical composition is not known fully, because boreholes
drilled through the entire complex at the flanks. In more
axial positions several wells penetrated more than 1000 m
of coarse and fine turbiditic clastics of the Szolnok flysch,
where the maximum thickness of the flysch can be estimated
2.0–2.5 km on the basis of deep seismic profiles (D.Lőrincz,
1996a, b).

Kőrössy (1959, 1977) and Szepesházy (1973) using well
logs and core samples, demonstrated the strong deforma-
tion of the Szolnok flysch sequence. Former seismic studies
(Horváth, 1987; Poǵacśas et al., 1989; Kiĺenyi et al., 1991;
D.Lőrincz and Szab́o, 1993) suggested that compressional
strike-slip movements were the dominant form of tectonic
activity in the exploration area. The Pannon Geotraverse,
which is a deep seismic profile about 30 km to the East of
the study area, indicates a wide transcurrent zone in the up-
per and possibly even in the lower parts of the Earth’s crust
(Posgay et al., 1990; Posgay and Szentgyörgyi, 1990).
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Fig. 3a.Study area, structural sketch of the base Neogene (displaying prerift and synrift tectonic phases); Keys: 1 = Early Miocene convergent
wrenching; 2 = Middle Miocene extension; 3 = Covered boundary of basement rocks; 4 = Upper Cretaceous – Paleogene flysch; 5 = Lower
Cretaceous volcaniclastic sediments; 6 = Mesozoic clastics and carbonates; 7 = Precambrian crystalline schists.

This strike-slip zone appears to be a regional feature as
it is known in the western continuation of the study area
between Szolnok (at the Tisza) and Paks (at the Danube)
where the flysch rocks are not present (Fig. 1). The nature
and Pliocene-Quaternary reactivation of this fault has been
demonstrated by reflection seismic sections (Pogácśas et al.,
1989; Horv́ath et al., 1993) and high resolution onland and
river seismic surveys (Ǵuthy and Heged̋us, 1988; T́oth and
Horváth, 1997). The neotectonic importance of this zone is
shown by the occurrence of a large historical earthquake in
Kecskeḿet at 1911 (8◦ epicentral intensity on MSK-64 scale;
Bisztricśany, 1977).

2 Tectonic evolution as inferred from seismic interpre-
tation

A detailed structural analysis has been carried out in the
100×60 km2 exploration area, which is located in the west-
ern part of the Szolnok flysch (Fig. 1). Studies based on
the integrated interpretation of 1700 km of migrated seismic
time sections and lithological data from about 150 hydrocar-
bon exploration boreholes. The basemap of seismic lines and
boreholes are displayed in Fig. 2. The tectonic analysis of the
sediments was supported by sequence stratigraphic interpre-
tation of seismic and 42 well-log data. Well-log inserted on
the seismic profile is shown in Fig. 7.

The sedimentary rocks known from the boreholes were
identified on the seismic profiles on the basis of reflection
patterns (amplitude, frequency, interval velocity, continua-
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compression; 3 = Pliocene extension; 4 = Quaternary strike-slip; 5 = Quaternary extension; the legend of lithology is the same as in Fig. 3a.

tion and arrangement of the reflections etc.) (Ádám, 1987).
In this way the strastigraphic information of the boreholes
has been extended by the seismic profiles. Seismic reflection
pattern of the different stratigraphic features in the explo-
ration area are shown on the Table 1. The seismic characters
are presumably influenced by the complicated fault systems
causing difficult decisions during the interpretation.

One of the most important purposes of detailed structural
analysis was to determine the possible HC migration pathes
and trapes for hydrocarbon exploration. Besides, the partic-
ular knowledge of neotectonic events can be very useful for
planning of new industrial plants in the area, because of the
earthquake risk can be originated from the neotectonic activ-
ity.

In the Szolnok area the rocks below the Neogene basin fill
consist of (Figs. 3a, b):

– Precambrian crystalline schists,

– Mesozoic clastics and carbonates,

– Lower Cretaceous volcaniclastic sediments,

– Upper Cretaceous-Paleogene flysch.

Seven tectonic phases can be distinguished in the seismic
profiles, which are illustrated by seven characteristic sections
and their interpretation (Fig. 4 to Fig. 10). Location of these
seismic lines is shown in Figs. 2 and 3a, b.

The identified tectonic phases and their main characteris-
tics (age, character, size and direction) are summarised in Ta-
ble 2. The phases are classified according to their ages com-
pared to rifting of the Pannonian basin (Middle Miocene).
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Table 1. Characteristic reflection patterns of the different stratigraphic units

2.1 Prerift tectonism

Mesozoic overthrusting (phase I.)

The tectonic evolution of the area during the Mesozoic was
influenced by the opening and closure of the Tethys, and the
location of the terranes at the different margins of the Tethys
ocean (F̈ulöp, 1989). The most significant tectonic defor-
mation took place during the Late Cretaceous, when con-
vergence of the continental margins and subduction of the
Tethys ocean occured. During this period, three subperi-
ods of compressional events can be recognized: the Austrian
phase (Aptian-Albian), the Pre-Gosau phase (Cenomanian-

Turonian) and the Laramian phase (Maastrichtian-Danian)
(Horváth and Tari, 1999).

In the seismic profiles of the Szolnok area the Mesozoic
overthrusts can be observed in the Mesozoic carbonates and
clastic sedimentary rocks, and oldercrystalline schists. On
the basis of studies made by Rumpler and Horváth (1988)
and Tari (1996) it is known that the Late Cretaceous over-
thrusting has produced a nappe transpore of several 100 km,
and generally NW vergence in the whole Pannonian area.
The Mesozoic tectonism appears with similar characteristics
in the studied area. Some interpreted detachment planes of
the overthrusts can be seen in the seismic sections of Figs. 4
and 5.
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Table 2. Attributes of the tectonic phases

AGE CHARACTER MAGNITUDE MOVEMENT

Mesozoic

Early Miocene

Middle Miocene

Late Miocene

Late Miocene

Pliocene

Quaternary

overthrusting

convergent
wrenching

extension

transpression

compression

extension

strike-slip

x.100 km

x.100 km

1.3 x

5 - 10 km

1 - 5 km

1.1 x

1 - 5 km

NW, SE

sinistral

NW

dextral

WNW, ESE

sinistral

NNE

STRIKE

NNE-SSW

WNW-ESE

NE-SW

NE-SW

NE-SW

ENE-WSW

ENE-WSW

I.

II.

III.

IV.

V.

VI.

VII.

I. Mesozoic
overthrusting

II. Early Miocene
convergent wrenching

III. Middle Miocene
extension

IV. Late Miocene
transpression

V. Late Miocene
compression

VI. Pliocene
extension

VII. Quaternary
strike slips

s1:
s3:

maximum principal stress
minimum principal stress

: pick of the arrow
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Early Miocene convergent wrenching (phase II.)

The interpretation of this phase as wrench fault tectonics is
based on the following observations:

The Pannon Geotraverse (a deep seismic profile), which
lies about 30 km to the east of the study area, suggests the
presence of a transcurrent zone linked to the flysch belt (Pos-
gay and Szentgÿorgyi, 1990). In the “Structural sketch of the
base Neogene” (Fig. 3a) long straight tectonic lines related
to thrust faults of the II. tectonic phase can be seen, which
are parallel with the edges of the flysch basin.

The fault-cuts of the tectonic phase II. form generally pos-
itive flower structures in the seismic profiles. Typical exam-

ples are shown in Fig. 4. The positive character indicates
that the wrench faulting was combined with compression in
a NW direction. These profiles suggest that the flysch anti-
clines are created by the convergent wrenching.

Figure 6 shows more direct evidence of convergent wrench
tectonics. Two different sequences occur side by side
with different reflection image. The contact of the base-
ment blocks is covered by compressed flysch and Miocene
volcano-sedimentary rocks.

The deposition of the Szolnok flysch took place during the
Upper Cretaceous – Early Miocene (Nagymarosy and Báldi-
Beke, 1993), along the right-lateral transcurrent fault of the
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Alcapa and Tisza-Dacia terranes (Csontos et al., 1992). It is
our phase II. tectonics.

In summary Early Miocene wrenching was combined with
compression in a NW-SE direction. It has a right-lateral
(dextral) movement-direction, and an ENE-WSW strike-
direction. Its displacement can be estimated to be a few
100 km.

2.2 Synrift tectonism

Middle Miocene extension (phase III.)

Middle Miocene extension is represented by low angle nor-
mal faults and listric faults on the seismic sections. The
amount of extension can be estimated to be about a factor
of 1.3 on the basis of seismic images (Figs. 4, 5 and 7).

The Szolnok flysch is not a continuous feature, as it was
supposed on the basis of geological data (Fülöp et al., 1987),
but is cut into fragments by tectonic movements and erosion.

2.3 Postrift tectonism

Late Miocene transpression (phase IV.)

The Late Miocene transpression reactivized the Early
Miocene wrench fault system on a smaller scale and in op-
posite sense.

Seismic examples of this phase can be seen in the
Figs. 4, 5, 7, 8, 9 and 10. The Figs. 9 and 10 provide an ex-

cellent seismic example of the Late Miocene transpression.
The reactivation is proved by the continuity of the fault from
the Lower Miocene into the Upper Miocene. These profiles
and the structural sketch (Fig. 3b) demonstrate that the flysch
has been thrust not only on the pre-Neogene basement, but
also over the Miocene (Lower Pannonian) sediments along
the northern and southern edges of the flysch belt. This phe-
nomenon can also be found in the western boundary of the
flysch, as it can be observed in the Figs. 3b and 4.

The assumption concerning the sinistral sense of displace-
ment is suggested by the location of flysch segments in re-
lation to each other (Figs. 3a, b). The flysch flanks seem
to have moved along a central, NNE-SSW directed right-
lateral strike-slip fault. This fault – which is marked “IVR”
on Fig. 4 – could be a dextral fault, antithetic to the main
sinistral strike-slip zone. The horizontal displacement along
this fault is about 5 km, so the size of the main strike-slip
fault can be thought to be 10 km order of magnitude.

In summary, the movement-direction of the Late Miocene
strike-slip is left-lateral, and it is combined with compression
in N-S direction. The displacement can be estimated at 10 km
order of magnitude.

Late Miocene compression (phase V.)

The phase V. is characterized by thrust-folds directed from S-
SW to N-NE. The direction of compressional displacement
could be N-NE as it is shown on Fig. 3b. A typical example
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can be seen in the southern part of seismic profile of Fig. 4,
where the Lower Cretaceous volcaniclastics are thrust onto
the flysch, presumably due to Late Miocene compression.
The interpretation is made more difficult by the presence of a
neotectonic fault (VIIE phase). Another example is shown in
the NW part of seismic section of Fig. 7. The size of move-
ment can be estimated to be 1–5 km. The presence of this
tectonic phase is supported by the results of the seismic ex-
ploration in the neighbouring Paks area, where characteristic
inversion structures were proved in the Upper Miocene sedi-
ments by Horv́ath et al. (1993, 1995).

Pliocene extension and its relation to the neotectonics
(phase VI.)

The Pliocene extension is represented by synsedimentary
growth faults. Examples of this phase can be observed in
the southern parts of the Figs. 7 and 10, in the central part of
the Figs. 6, 8 and in the northern part of Fig. 9. In the “Struc-
tural sketch of the base Neogene” (Fig. 3b) and in the “Time
contour map of the SB2 sequence boundary” (Fig. 12), three
zones of Pliocene extension are indicated. All of them are
interpreted to be linked to the edge of the flysch welt, and the
faults dip towards the deeper of the basement. This suggests
that the formation of the Pliocene extensional faults was af-
fected by the process of breaking off, which was caused by
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significant vertical difference in the basement depth. This
process is interpreted to have been continuously active during
the Late Miocene (Pannonian) and Pliocene sedimentation.

In the zone of Pliocene extension situated on the southern
edge of the flysch belt, the identification of the faults have
been made more difficult by the appearance of flower struc-
tures of neotectonic phase in the same place. The strike-slip
faults often cut the Pliocene extensional faults, therefore the
interpretation of growth faults are very tentative. The most
characteristic examples of the two tectonic phases occurred
in the same place can be seen in the Figs. 8 and 9, but there
are similar situation in the Fig. 6, too. The distinction of these
two subsequent phases (VI. and VII.) are very complicated
as it is demonstrated by the seismic profiles and the maps
(Figs. 3b and 12), since the flower structures of the Qua-
ternary strike-slip movement have overprinted the Pliocene
extensional faults. The Pliocene extension was probably in-
verted as it is represented by the profile on Fig. 10.

The measure of Pliocene extension is about a factor of
1.1 times and the movement-direction is SE.

Quaternary strike-slip movements (phase VII.)

Three strike-slip zones were mapped (Figs. 3b and Fig. 12),
which can be considered as the recent reactivation of the
wrench tectonics in the area. The image of the deep seismic
profile (Fig. 4) supports the assumption, that some faults of

the wrench system – which had occurred in the phase II. – re-
occured during the Quaternary strike-slip movements leading
to characteristic flower structures in the Neogene sedimen-
tary rocks. It means that the phase VII. is not independent: it
belongs to the same earlier wrench fault system. Two Qua-
ternary strike-slip zones are crossed by the profile of Fig. 4.
These are signed with VII, and the VIIE marks the normal
faults linked to the strike-slip zones.

Three seismic sequence boundaries (SB1, SB2 and SB3)
were interpreted in the Upper Miocene-Pliocene sediments
for better identification of the youngest tectonics. Figure 12
presents the time contour map of the SB2. All the tectonic
elements crossing SB2 are demonstrated on the map.

These are the following:
– Pliocene extension (demonstrated in all the seismic profiles
of Figs. 6 to 10),
– Quaternary strike-slip zones (displayed in all the seismic
profiles of Figs. 4 to 10),
– Quaternary extension elements linked to the strike-slips
(shown in Figs. 4 and 8).

Determination of movement-direction was supported by
the following figures.

Figure 13 (modified after Tchalenko, 1970) demonstrates
the result of physical modelling of a left-lateral strike-slip
published by Riedel (1929). The Riedel faults show a right
stepping fault-setting. On the map (Fig. 12) the same right
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Fig. 11. Shallow seismic time section (Detzky et al., 1996).

stepping assemblage of the Riedel faults occurs in the south-
ern strike-slip zone. In consequence, this zone can be con-
sidered a left-lateral strike-slip fault. The other two zones
seem to be right-lateral ones, based on their weak en-echelon
character.

Figure 14 shows the strain ellipse and the tectonic setting
of a left-lateral wrench fault after Harding (1974). If we com-
pare this wrench assemblage with the Quaternary tectonic
setting in the SB2 (Fig. 12) we see an analog situation: The
lower left-lateral zone corresponds to the synthetic strike-slip
fault in the Harding diagram, and the upper two zones cor-

respond to the antithetic fault. The location of the normal
faults compared to the main fault is similar to that in the
Harding picture. This comparison emphasizes that the three
Quaternary strike-slip zones formed an integrated system, as
it is demonstrated in the deep seismic profile (Fig. 4). This
profile shows the multiphase rejuvenation of some faults of
Early Miocene flower structure.

The horizontal displacements of the strike-slip movements
can roughly be estimated at 1–5 km on the basis of time con-
tour maps. The largest offset (5 km) occurred in the sinistral
zone presented in the southern part of the area. It could be
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the synthetic zone of the Quaternary tectonics. The horizon-
tal displacement of the antithetic dextral zones is presumably
smaller (they are about 1–2 km).

The whole system of the strike-slips probably exhibits a
left-lateral character, in which the three zones represent the
synthetic Riedel fault and conjugate antithetic Riedel faults
of the system.

In the upper 800 ms interval of the seismic profiles com-
pressional effect can be recognized. It is known from lit-
erature, that strike-slip faults show compressional character
in some places, and extensional character in other places,
as a function of bending of the principal displacement zone
(Sylvester, 1988). In the study area we can only see compres-
sional manifestation, so we can conclude that the Quaternary
strike-slip was combined with compression. The compres-
sional character of the Quaternary strike-slip and the inver-
sion of some Pliocene extensional faults (Fig. 9) represents a

serious change of stress field during the Pliocene-Quaternary,
when the extensional effect changed to compressional one.

In Fig. 15 the isopach map of Quaternary sediments com-
piled by Franýo (in D.Lőrincz, 1996a) can be seen. Taking
into consideration the velocity values in the area and datum
level of the profiles, the top of the fault could reach as shallow
as the 300 m level. The thickness of Quaternary sediments,
where the strike-slip faults cut them, is about 300 m or more
on the basis of the isopach map. Therefor the age of this fault
can be considered to be Quaternary.

The hydrocarbon exploration seismic sections with normal
penetrating depth do not have signals in the upper 300 msec
interval, as it can be seen in all of the presented seismic pro-
files. The location of the shallow seismic profile (Fig. 11a)
and the normal section (Fig. 11b) is demonstrated on the
“Quaternary isopach map” (Fig. 15), where Fig. 10 is the
same as the Fig. 11b. It was a question whether the faults
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Fig. 14. Wrench assemblage from a left-lateral couple (Harding, 1974).

identified in the normal seismic profiles could be present in
the muted shallowest parts of the seismic sections. Shallow
seismic measurements were carried out over the frozen back-
waters of the river Tisza which crossed faults of strike-slip
zones. The reflection image on the shallow seismic profile
(Fig. 11a) is cut into two segments by a fault. The lower left
side is characterized by strong, parallel reflections and the
upper right side shows a chaotic reflection image. The ge-
ometry of the shallow profile compared to the normal section
provides a more flattened position of the fault. The fault ap-
pears to terminate as a depth of 20 m as can be seen in the

shallow profile. T́oth and Horv́ath (1997) also suggested ac-
tive faulting in the immediate western extension of the Szol-
nok flysch belt.

3 Stress field history

On the basis of character, size and direction of the tectonic
phases the stress field history of the arc can be depicted. The
main features of the identified tectonic phases are summa-
rized in Table 2 and Table 3, where the most characteristic
structural elements of the tectonic phases are illiustrated.
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Table 3. Stress field history

AGE CHARACTER MAGNITUDE MOVEMENT

Mesozoic

Early Miocene

Middle Miocene

Late Miocene

Late Miocene

Pliocene

Quaternary

overthrusting

convergent
wrenching

extension

transpression

compression

extension

strike-slip

x.100 km

x.100 km

1.3 x

5 - 10 km

1 - 5 km

1.1 x

1 - 5 km

NW, SE

sinistral

NW

dextral
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STRIKE

NNE-SSW

WNW-ESE

NE-SW

NE-SW

NE-SW

ENE-WSW

ENE-WSW
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I. Mesozoic
overthrusting

II. Early Miocene
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III. Middle Miocene
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IV. Late Miocene
transpression

V. Late Miocene
compression

VI. Pliocene
extension

VII. Quaternary
strike slips
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minimum principal stress

: pick of the arrow
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Identification of the stress fields was supported by known
relationships between the principal stresses and basic types
of resultant faults: normal-, reverse- and strike-slip (Ander-
son, 1951). In practice clear types of faults rarely occur, they
are often combined with each other, as is demonstrated by
this study.

The stress field history shows a systematic horizontal rota-
tion of the largest horizontal stresses (σ1 orσ2) from NW to
NE (Table 3). Figure 1 demonstrates that the subduction re-
lated nappe displacement in the Outer Carpathian underwent
similar clockwise rotation during the Neogene. The cause
of nappe displacement was the collision of the Carpathian-
Pannonian area with the European foreland when all the sub-
ductible lithosphere was consumed. It is suggested that the
horizontal rotation of largest horizontal stress in the Pan-
nonian region is a consequence of this progressive West to
East migration of onset of continental collision along the
Carpathian arc.

4 Conclusions

The area shows characteristic phenomena of multiple tec-
tonic events and fault reactivation. Typical flower structures,
long straight fault zones in the basement coupled with other
criteria of wrench faults summarised by Harding (1990), in-
dicate the presence of strike-slip zones. The latest activity
should be Quaternary.

Some faults of these system were active in the Late
Miocene with smaller scale (5–10 km) horizontal displace-
ment and opposite direction (sinistral sense), confirming the
effect of an Early Miocene tectonic phase, and showing
similarly compressional character. These zones are associ-
ated with a wrench system with convergent dextral character
formed in the Early Miocene. Early Miocene wrench faulting
can be characterized by a few 100 km horizontal displace-
ment.

Besides the multiphase wrench system compressional and
extensional faults are also characteristics in the area. Large
scale thrust faulting occurred during the Cretaceous, and a
smaller Late Miocene compressional event can be identified,
too. The main extensional movement took place in the Mid-
dle Miocene, but there was a smaller extension during the
Pliocene.

Some phases represent the rejuvenation of earlier activi-
ties (generally in smaller scale and opposite direction) while
others are independent from the older movements. By ana-
lyzing the stress field history of the study area (Table 3) we
conclude, that the horizontal rotation of the largest horizon-
tal stresses has been controlled by the termination of sub-
duction along the Carpathian arc. Complete consumption of
subductible lithosphere and, hence, onset of continental col-
lision, exhibit a progressive shift along the arc from the West-
ern towards the Eastern Carpathians, and it is reflected by the
stress field history in the more internal Szolnok flysch belt.

It is important to highlight, that the seismic interpreta-
tion is limited by the structural complexity of the study area,
which has had an impact on the seismic reflection pattern.
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266 K. D. Lőrincz et al.: Neotectonics and its relation to the Mid-Hungarian Mobile Belt

extrusion in the Eastern Alps. Part 1: Boundary condition and
experiments scaled for gravity. Tectonics, 10, 245–256, 1991b.

Rumpler, J. and Horv́ath, F.: Some representative seismic reflection
lines from the Pannonian Basin and their structural interpretation.
AAPG Mem 45, 153–170, 1988.

Riedel, W.: Zur Mechanik geologischer Brucherscheinungen: Cen-
tralbl. F. Mineral. Geol. u. Pal., v.B, 354–368, 1929.

Sandulescu, M., Krautner, H. G., Balintoni, I., Russo–Sandulescu,
D., and Micu, M.: The structure of the East Carpathians, in:
Guide to excursion B1: XII Congr Carpatho–Balkan. Geol As-
soc., Bucharest, 92 pp., 1981.

Sylvester, A. G.: Strike-slip faults. Geol Soc Am Bull, 100: 1666–
1703, 1988.

Szepesh́azy, K.: Late Cretaceous and Paleogene Formations in the
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