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Abstract. The recent tectonics of the western and centralsite sides of faults that cannot be attributed to lateral facies
parts of the Pannonian basin has been investigated usinghanges. At the same time, recent lateral movements may be
morphological, geomorphological and hydrographical anal-accompanied by the formation of characteristic geomorpho-
ysis of the present day topography. Analyses show thatogical patterns, such as anomalies in drainage network and
the whole North Pannonian unit (NPU) and Mecsekanly characteristic sediments (Sabins, 1978; Brown and Kockel-
Range (from the Tisza unit) moves to ENE direction with a man, 1983).
gentle counterclockwise rotation. Final conclusions of the in-  Extension or compression in association with lateral
vestigations suggest that lateral extrusion of the Eastern Alpsnovements initiate highs and depressions along fault zones
is still the main, determining factor in the forming of surface (positive and negative flower structures). The vertical shift
morphology and in distribution of the genetic types of the of the surface above the bulging or slumping sediments, de-
Quaternary deposits. pending on the penetrated depth, is usually greater than the
inducing lateral shift. The accompanying vertical move-
ments magnify thus the effects of compression and extension
1 Introduction in both the changing surface morphology and the different
character of associated Quaternary genetic types.
Tectonic movements on the Earth’s surface are accompa- Geodetic measurement of vertical components of recent
nied by both vertical and horizontal crustal movements. Thetectonic movements utilizes repeated, accurate levelling
vertical component of tectonic motion tends to result eithercompleted in time slices of several decades. Such mea-
in erosion of uplifting areas or deposition in subsiding ar- surements recorded uplift of the Carpathian arc, and subsi-
eas. Consequently, denudation and sedimentation beconfence of the lowest regions of the Pannonian basin including
spatially separated in the continents. Thickness distributiorthe Great and the Little Hungarian Plains and the northern
of Quaternary deposits, geomorphological processes and g&anube basin was observed @Jet al., 1985; Jo, 1992).
netic types of recent sediments therefore reflect the generdfrom its eastern and central part stable relative to Nadap,
trends of vertical crustal movements. A separation of sedi-Transdanubia rises progressively towards the Alps. A level-
mentary regimes occurs even if only the relative movementing base network was defined for land survey purposes, thus
of the neighbouring areas is opposite. Therefore, this methodt cannot be used to determine more detailed differential tec-
cannot determine the absolute direction of tectonic move{onic movements.
ments, only shifts of specific blocks relative to one another.  There is a contradiction between the 0.2 mm/year subsi-
Prior to the recognition of plate tectonics, recent tectonicdence velocity based on the thickness of basin sediments
movements were explained first of all by vertical movements(Ronai, 1986) and the maxima of recent subsidence mea-
induced by isostatic effects and, to a lesser extent, by latsurements exceeding 6 mm/year. The explanation may lie in
eral forces. Plate tectonics resulted in attributing a muchoscillations in movements and related sedimentation rates.
greater role to lateral movements and regarding the verticaCompaction of the Tertiary sedimentary fill, as well as
ones as the effects of lateral events. ldentification of lateragroundwater pumping can also contribute to these anoma-
displacements in Quaternary terrestrial formations is difficultlies. The latter is confirmed by the maximum subsidence
using traditional mapping methods. Lateral displacementsvalues located under the large cities of the Great Hungarian
can only be verified for example by identifying vertical bed- Plain.
ding planes, fold axes, and movements along faults, or by A prerequisite for making effective morpho-structural
peculiarly different sequences in drilling profiles on oppo- analysis is the presence of tectonically deformed topography
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Fig. 1. Occurrences of the Quaternary genetic types in the uplift and subsidence dkkagys 1995.) Keys: 1. Bedrocks, 2: Angular,

poorly rounded, poorly sorted sediments, 3: Well rounded, sorted fluvilal beds, 4: Fine-grained sediments, 5: Buried river channels, 6: Point
bars. Abbreviations of genetic types: f: fluvial; p: proluvial; e: eluvial; d: deluvial; gr: gravitational; I: lacustrine; b: paludal (bogs) — and
their different combinations.

and precisely dated, young sediments. In this respect, then Fig. 1. We suggested that substantial vertical displace-
central and western parts of the Pannonian basin are consianents occurred during the Quaternary along faults that form
erably more suitable for such studies than its eastern areathie surface boundaries between areas of accumulation and
due to the widespread occurrence of Pannonian and youngesedimentation. This contact arrangement can be related to
sediments in Transdanubia and nearby regions. At the saméhe faults penetrating the youngest formations, but also to
time, extensive Upper Pleistocene and Holocene fluvial com+he filling of pre-existing, tectonically preformed troughs or
plexes cover the central part of the basin, i.e. the Great Hunvalleys manifested in the late Quaternary morphology.
garian Plain. These fluvial sediments form thick alluvial Figure 2 shows a part of the most important map used for
plains and associated alluvial fans. Rapid fluvial sedimen-analysis. The map presenting the sinking areas was com-
tation can cover, erode or rework the underlying formations,piled using the 1:200 000 geological map series. Addition-
which eliminate the structures identifiable in morphology. ally, other maps available for some fragments of the whole
Therefore the regions east of the Tisza and Drava rivers wergrea were also taken into account, such as the map of super-
omitted from this study. ficial mass movements and the most recent neotectonic maps
Displacements revealed by the distribution and morpho-(Maglay et al., 1999; Halouzka et al., 1998).
logy of Quaternary formations are the results of processes apalysis of materials associated with aerial and remote
acting occasionally through several hundreds of thousandgnsing imageries, including available satellite images, also
years. Some seismically active features cannot thus be idensqniributed to the evaluations. Radar images of the ERS-1
tified on the basis of morphological patterns. This applies t0gate|jite serves as a basis for morphological studies and geo-
the Komérom (K.) — Mor (M.) — Berhida (Bh.) zone. For  mqrphological classification. Visual interpretation of Land-
identification of geographical units and abbreviations, seesat T\ false colour composites were also used for the evalu-

Fig. 10. ation.
The Geological Institute of Hungary (MF1) has recently
2 Methods obtained the digital terrain model (DTM-10 delivered from

contour lines of 50 000 scale military topography with a 10
Our previous work (&hegyi et al., 1996) was used as the by 10m grid size) and topographic base (DTA-50) of the
starting point for this analysis. This previous study separatedvhole country and some neighbouring regions. Figure 3
genetic types of Quaternary sediments for the whole terri-presents the coloured digital relief map of the western Pan-
tory of Hungary. The related theoretical profile is presentednonian basin deduced from DTM-10.
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Fig. 2. Main depositional types in southern Transdanubia during the Pleistocene and Holocene itimagy{®t al., 1992). 1: Recent flood
plain deposits, 2: Holocene to Middle Pleistocene river terrace sediments, 3: Middle and Early Pleistocene deposits of rivers and alluvial
fans, 4: Holocene lacustrine and paludal deposits.

3 Summary of former neotectonic studies in the investi- Extensive Pannonian formations, proluvial and alluvial
gated area fans of different Pleistocene rivers, eolian sands and loesses
were deposited on the surface of Transdanubia and in its sur-
3.1 Typical geological formations roundings. The youngest and deepest basins of these regions

filled with fluvial sediments are the Little Hungarian Plain
Structurally, the investigated part of the Pannonian basin i§LHP) — Csalbkdz (CSK) — Northern Danube basin (NDB)
surrounded by the Western Carpathians, the eastern termings the north, and the Drava- (DV) and Mura (MV) valleys
tion of the Alps and the Neogene and older formations ofencircling Papuk Hill (PPH) in the south. The region in be-
the Dinarides. Among the Quaternary sediments of theseween is a lower hilly area with pre-Pannonian formations
ranges, typical genetic types of post-uplift sedimentation pre-exposed on the surface of the eastern ranges of the Alps, the
vail. From the E-SE, the study area is surrounded by theHungarian Central Range (HCR) and the Mecsek -avif
depression of the central part of the Pannonian basin fillecRanges (MR and VR).
with Upper Miocene (Pannonian) to Quaternary sediments
of several thousand meters thickness, as well as alluvial fans
protruding from piedmont regions.
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Fig. 3. Coloured hypsometric presentation of the DTM of West Hungary. Frames show the places of the detailed relief maps. Cartographic
Office of the Hungarian Army.

3.2 Neotectonic models The recognition and suggestion of a tectonic origin of the
radial, complex structure typical for Transdanubia and the
The most distinct feature of the regions surrounded by allu-Danube-Tisza interfluve can be associated first of all with sci-
vial plains is a characteristic radial pattern clearly manifestedentific surveys of Lake Balaton. Aczy (1913) reporting on
in morphology, hydrography and partly in the distribution of the tectonics of Pannonian — Pontian beds noted that based
surface geological formations. To the west, in the Zala Hillson morphological features south of Balaton he found simi-
(ZH), this pattern has an N-W orientation, gradually becom-lar embayments and valleys along the opposite shore of the
ing NW-SE directed, when approaching the central part oflake Balaton, i.e. in the Bakony Range (BR) and the Bal-
the Great Hungarian Plain. The interpretation of this patternaton Highland (BH). By his interpretation these amazingly
is a key problem. The question is not merely about the tec-straight 25-35 km long valleys extending all over Transdanu-
tonic origin of this system, although this suggestion would bia from the Eastern Alps to the Great Hungarian Plain, fol-
imply intense neotectonic processes during the Pliocene antbw normal and strike slip faults and trench depressions.
Quaternary periods. There are a number of theories con- Cholnoky (1918) reported the same in more detail pointing
cerning the origin of this peculiar morphostructural pattern. out that these valleys do not have a distinct dip, fluvial ter-
Gerner (1994) summarized these models for the southern partices are missing, and the streams are underfit relative to the
of Transdanubia, but the majority of his references can be apvalleys through which they flow. Cholnoky also suggested
plied to the Great Hungarian Plain as well. that these valleys represent tectonic lines formed through
He utilized three, not always clearly distinguishable repeated, parallel, shaking fault movements, subsequently
groups of neotectonic models, namely (1) faulting, (2) fold- enhanced by eolian deflation. The idea of tectonic pre-
ing and (3) imbricational structures. formation has reappeared in studies concerning the evolution
There are also a number of counter-arguments brought ugf these valleys. The same idea was brought up by other
recently that deny tectonic processes during the Quaternarguthors (loczy, 1939; Krossy, 1963; Dank, 1979; Czak
and explain the phenomena by stratigraphic features of thd 980) reporting on potential hydrocarbon occurrences.
formations and the destructive effect of exogenic processes The explanatory text of the 1:200000-scale geological
(slides, aeolian and aquatic erosion) (Balla et al., 1993;map series of Hungary (Fradet al., 1976) emphasised that
Marosi and Schweitzer, 1997; Balla, 1999). younger, Quaternary movement phases have also a distinct
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Fig. 4. Relief of the Kilsd-Somogy (KS) area. 1: water shade,
2: direction of river flows.

Fig. 5. Relief map of arched, truncated ridge- and valley system,
west of Kerka valley (KV). 1: Ridge crests.

impact on the morphology of Western Transdanubia. He sug-

gested a tectonic origin for the graben of Lake Balaton and ) o )

for the peat-bog depressions near Zalaszeritiyitzszm). ~ Transdanubia and Kiskuag (KK) formed by the opposite

He assumed that they formed during the Ris&rV inter- drift of the Alps and Carpathians. Gerner (1992) interpreted
glacial period. Adam et al. (1981) also suggested a tec- the radial fault structure as the sinistral antithetic fault system
tonic origin for stream valleys in Southern Transdanubia.Of & dextral strike slip fault zone extending along Lake Bal-
Moreover, they suggested that the current drainage patterAton. The change in their orientation is due to the changing
received its present configuration following the subsequenf‘_ature of the stress field becoming compressional to transten-
subsidence of the Kapos valley. sional from west to east.

_ Péecsi (1986) summarised the ideas on_the origin, fOCL_IS- A completely different idea from the above theories was
ing on the Zala valleys. Apart from the ideas of tectonic proyght up by Balla et al. (1993). As a result of tilting to the
pre-formation and valley evolution through deflation, he alsosouth, the drainage network and dry valleys are orientated
studied the theories suggesting fluvial erosion. He emphamongI the dip line of the surface of bedding planes. There
sised the counterarguments against it, stressing the lack G o need in this case to suggest structural pre-formation,
fluvial sediments comparable with the size of the valleys and, g the fan structure can be explained by the arched main
missing river terraces. He also refers to the lack of evidencgyis of the basement, since dip lines of the tilted blocks are
in the basement of Lake Balaton for rivers with a size like approximately perpendicular to them. The above hypothe-
that of the presumed Proto-Danube that would have crossegs js naturally true for some specific geographical-geological
the region. units and the consequent valley system can directly be inter-

Interpretation of space images visually evaluated Bg®®  preted using remote sensing methodikliBgyi, 1985). The
(1978, 1984) reinforced the tectonic origin hypotheses. Therelated block diagram applies throughout Somogy county up
images allowed a comprehensive overview of the distinct rato Sanviz valley (SV). At the same time, in some neighbour-
dial structure and regular pattern of lineaments extendindng land units where the drainage and valley network fits
throughout the country. Czak1980) completed a statistical completely in the radial structure along the strikes, the ori-
processing of the orientation of lineaments visually observ-entation is just opposite. Here the erosion base level can be
able on satellite images of Méfld (MF). He concluded that  traced in the Lake Velence, Lake Balaton, Kis-Balaton (KB)
NW-SE shear and almost perpendicular compression acted igind deep peat depressions without outlet located along strike
the area after Pannonian (Late Miocene) sedimentation.  of the lakes to the west (Zszm). In order to clarify relief char-

In recent times, Hungarian scientists have put forward twoacteristics, drainage and valley patterns and the stratigraphic
general evolution theories. Based on analogies of fan strucsetting of young sediments, as well as to investigate their re-
tures formed through extensional laboratory tests, Moldvaylationship, it is necessary to study formations older than Pan-
(1989) suggested a symmetrical, extensional, opening struaionian, eventually together with faults reactivated after the
ture, uniform from the Czech-Moravian Hills up to Southern Pannonian.
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Fig. 7. Theoretical model of zigzagged morphological anomalies

. . L over shear zones.
Fig. 6. Relief map of a part of the Kapos valley (KV). 1: Directions

of the tributaries of the Kapos river, 2: Zigzagged headwall.

of north-south direction, bordering the Transdanubian Range

4 Results of morphological investigations (TrR) to the west, the one bounding the Mecsek Range (MR)
) to the west and a line between Féayand Kaposér, where
4.1 Morphological features the general drainage orientation switches. These faults are

. . . ublished in the study delineating zones of earthquake haz-
Concerning the drainage and closely associated valley neé)1rd in Hungary (Balla et al., 1993), as well as in the map of

work, we emphasise four characteristic and anomalous pa.tthe boundaries of neotectonic blocks identified through the

terl?s emtphﬁls(ljsmgfthelr polsst!blg relationship to neOteCton'interpretation of lineaments on space images (Breassaky
cally controlled surface evolution: and Skhegyi, 1987).

— radial pattern of hydrography and valley network, tec-  The topography and drainage network in the area south
tonic control on the Danube river of Lake Balaton (Fig. 4) shows that the watershed parallel
to the shore at a distance of 8-10km, westward gradually
shifts parallel to the south along a single comb to a distance
— saw-tooth, zigzagged pattern of asymmetric valleys par-of 20-22 km from the lake. Further to the west, from the Ka-
allel to the main (ENE) structural direction of the Pan- pos\ar-Fonyod line it passes to the extension of the line of
nonian basement (R. Zala, R. Kapos, R. Kapp Kapos river some 40-50 km from the lake. The shifts take
R. Jaba, etc.) place always along valleys or combs coinciding with the ra-
dial pattern. Assuming that the valleys formed consequently,
this picture can be explained by the presence of a parallel,
— arched edges of the youngest and largest valleydault system between Kapasv(Kv.) and Fongd (F.) along
(Danube, Drava R.). the Nagyrok (NAV), (Balla et. al., 1993).

Separation of the radial pattern of hydrography and val- According to the geological setting, the above specified
ley network based on their orientation in Transdanubia and€gular, radial morphological pattern can be traced in tioe M
the northwestern part of the Great Hungarian Plain was prefrough (MT), the \ali-viz valley (VVV) and the Solyrar
sented in the explanatory text attached to the 1:500 000-scalgough (ST) (Fig. 10). The morphological boundary extend-
lineament map of Hungary (€egyi, 1992). According to ing from the Danube bend towards Ceg|(C.) and several
the extent of the fan pattern, the main lines bordering majopther, smaller morphological features of similar characteris-
units is suggested between thélR (RL) and Mecsekalja tics can be also attributed to the same pattern.

(MAL) lines and between the $xiz valley (SZV) and the These small morphological features without any visible
Cserlat — Matra line (CSML). tectonic sign can be classified as tectonically crushed zones

The radial pattern is clearly manifested in the morphol-with or without small-scale displacements. These shear
ogy (hydrography) and in the character of geological bound-zones are subject to exogenous processes: pre-formed lines
aries. Some morphostructural elements are of evidently tecbecome visibly enhanced by incising rivers or streams or by
tonic origin. They include the morphologically distinct line the deposition of alluvial sediments.

— linear arrangement of drainage network reversings

— arched, asymmetric crest and valley pattern
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Tectonic control on the Danube rive by this pattern is a ma- [777
jor factor along the course of the river betweendGyGy.) o
and the southern border of Hungary. Its NW-SE orientated| |
sections pass along pre-formed structural lines, while down-|
stream their azimuths turn progressively southward in com-}
pliance with the orientation of the radial structures. There |
is no morphological evidence supporting the presence of|:
young, N-S striking tectonic lines that would control the pas- | % '}
sage of the Danube from the northern edge of the Szentendrg *. ¢ -,
island (ISZ) down to its confluence with the Drava river.

The alternation of elongated, elevated ranges and val{ %
leys suggests extensional faultings. The youngest, overlying ©
rocks can bury the original extent of the pattern: the Drava
basin truncates the pattern from the SW without any trace.
Moreover, the Moson-Danube basin NW from thibR river ;
and the southern part of the Kiskuags(KK) can be classified
into these regions.

We saw that the systems and fractured structures passin
through the Transdanubian Range, that is ther Mough
(MT), the Vali-viz valley (VVV) and the Solyrar trough _ _ )
(ST), also fit in the radial pattern. Provided that it is not F|g.}8'. Relief map of the yalley- and drainage reversal on the Za-
the consequence of an accidental coincidence, their forma2dti Range (ZR). 1: Main valley reversals.
tion cannot be restricted to a short time interval. Instead, they

started to form still during Pannonian (Late Miocene) times. pattern of listric normal faults hereby also called as scarps.

However they were active certainly mainly after Pannonian ; . : .

. . ) X . . Several extensional sub-depressions can be recognised in the
sedimentation dissecting the Upper Pannonian surface giv: . o
. . ; . Solt Plain based on morphology criteria that were formed as
ing way to the Pliocene and Early Pleistocene terrestrial sed- .
. . . a result of NE-SW extension.
imentation (Rcsi, 1986.).

It is also uncertain to date the end of this tectonic pro- The valley- and drainage reversal is a characteristic fea-

cess. The straight morphological and geological borders beturé of the Pannonian sedimentary series covered by Qua-

tween the Upper Pleistocene loesses and aeolian sands df¢nary loess. Ridges in Somogy and Zala Counties south
also parts of the same pattern. Consequently, vertical dis2nd west of Lake Balaton, respectively are made up of Pan-
placements along the lines of this morphological pattern havéonian deposits and are covered by a thin Pleistocene blan-
pre-formed the morphology for the aeolian sedimentation K&t Drainage net\-No”rks are basically fit in the sout_hward ori-
thus they formed during Early to Middle Pleistocene times. €nted, so-called #ls6-Somogy (KS) network, but it makes
The spatial arrangement of the eastern margin of the allu@ half-tumn northward in the margin of the ranges (Fig. 8).

vial fans in the Zala Hills and the western border of loesses! NS @anomalous pattern suggests that the Pannonian sedi-

plateaus is also peculiar as observed along the straight line c;pents pre;erved their original, southward oriented stratifica-
the S&\iz valley (SZV). It is by no means typical for aeolian tion and d_|p on uplifted ranges. The elongated ranges can be
sediments, nor for alluvial fans in their original shape. Con-characterised by consequent valley network. The short val-
sequently, surface extension and deflation were still activd€y S€gments of opposite orientation are subsequent valleys
along some lines even after the development of alluvial fandruncating the bedding front. The valley and drainage pattern
and may have lasted until the formation of Upper Pleistocené®! fidges hence complies with the general dipping direction
loesses. prevailed after sedimentation in the Pannonian inland lake
The youngest, recent extension associated with the radidMtller and Magyar, 1992).
pattern can be identified in the Solt Plain (SP) based on mor- Valleys switching their orientation can be explained by
phological features. Apart from the deepest position of thetwo models. These are (1) the occurrence of generally op-
Danube valley south of Budapest and the Solt Plain, this ex{osite stratigraphic conditions or (2) very young, practically
tension and related to it subsidence can also be deduced frofgcently formed depressions among the ranges as shown by
the microrelief. The surface of the Solt Plain dips gently to- the anomalous drainage network.
wards from the Danube valley to its eastern margin having its Saw-tooth like, zigzagged pattern of valley margins (val-
own drainage network. This network exhibit swampy, deeplyleys of river Zala, Kapos, Kogmy, Jaba, etc.) can be ob-
located, gentle depressions desiccated by canals. The easerved in a number of sites in Southern Transdanubia, espe-
ern margin of the plain is partly made up of extensional es-cially in areas covered by Pannonian and Quaternary deposits
carpments facing to southwest, and of arched, approximatelyFig. 6). Theories concerning their origin — whether tectonic
N-S striking escarpments passing between the latter onesr exogenic — are missing. They have been analysed only in
This morphology and hydrography represent the superficiaKillsd-Somogy where they were interpreted as the margin of
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tilted blocks or the result of thrust faulting due to compres-  This feature can be observed in a number of sites between
sional stresses. They have two specific features. Their maithe Mura and Vienna basins (MB and VB). Arched antiforms
direction is nearly perpendicular to the terrain units with sub-with a size of several kilometres along strike suggest north-
meridional morphology and they truncate radial morphologi- ern vergence. Morphological forms crossing each other sug-
cal and hydrographic structures or at least they displace thergest northeastward migration, where they gradually become
laterally. younger in the same directiorgf@bor et al., 1993).

Hypothesis of their formation is explained in Fig. 7. In o )
compliance with theoretic considerations (Tari, 1991), one#-2 Investigation of Southern Transdanubia

component of the saw-teeth geometry is represented by rela- ) . L
P g y P y %elow we investigate the applicability of the above model

tively small antithetic lateral displacements, nearly at a right . .

angle to zone of the principal lateral displacement. The othelolfh%(:?ste of thdetﬁaﬁ/?s Imiimedhvla:qga, 1877h) bet\f[vheen

one is characterised by fault planes that are originally paral-a € baalon and the Viecsek Range. Fgure = sSnows the gen-
eralized 1:50000 contour line map of the central and west-

lel to the main structural directions or turning gently. Along t of Southern T danubia. The st | lifted
these fault planes or headwalls, two processes take place th§f" part of southern fransdanubia. 1he srongly Uplitted po-
sition and dissected morphology of the western part of the

are induced by block rotation. On one hand, the antithetic . .
lateral displacement thrusts the margin of specific en eche—Mecsek Range - Zselic (ZS) — and Southern Zaiigpange

lon blocks partly over other blocks resulting in the formation (ZARS) is clearly visible. Active erosion and mass move-
of small, closed extensional basins. On the other hand, th5nents can be well observed, together with paludal sediments

headwall of rotated, uplifted and dissected blocks togetherf‘nd peats in the Kapos valley Q?gjd" f1977)% IThese I'n-d' i
form tectonic valleys that are oriented along the strike of the ense exogenous processes on he surface ot loesses indicate
principal lateral displacement zone young uplift and subsidence dated as Upper Pleistocene to

Th lifted d7i d hol il recent times. Itis proposed here, however, that these features
€ uplifted areas and zigzagged morphology aré mainly, .o 5ccessories of a larger scale E-W trending strike-slip fault

accompanied by gravitational types of recent sedlmentatlonélong the Kapos line. The map shows that morphological

Intense erosion and Iandsl_ldes are the key factors_ of Surédges, as well as boundaries of geological formations (see
face evolution. The exter_13|0nal, triangular dgpresspns bel':ig. 2) of the uplifted blocks contact each other along ex-
come the locus of Ia_custrmg, paludal and fluwal .Sed'me.ma'tremely sharp, nearly N-S-striking lines. Upper Pleistocene
tion. Along the margin of uplifted bI.OCkS rapid _sed|mentat|on loesses blanketing Pannonian outcrops, with southward ori-
takes place resulting in the formation of alluvial fans. ented drainage- and valley network prevail itil6-Somogy
Another result is that the uplifting Pannonian formations (KS), Marcali Range (MrR), Zalagi Range (ZAR) and Zala
become exposed along the steep flanks of asymmetric vakyjjis (zH). Pannonian deposits are missing in the deeper re-
leys. gions that are covered mainly by aeolian sands. The drainage
The arched, truncated ridge- and valley system can be obretwork switches quite to the opposite while the watershed
served first of all in the eastern termination of the Alps andshifts to the south, in the prolongation of Kapos line. It re-
in the central part of Southern Transdanubia. Their characsults in the complete turn of streams in the periphery of the
teristic feature is the simultaneous occurrence of a lobe-likehilly ranges. On the contrary, the western continuation of Ka-
arched, asymmetric valley network and ridge crests paralpos line is far less traceable, the nearly straight boundaries of
lel to it (Fig. 5). An array of repeated valleys and ridges geographic and geological units are quite disturbed (Fig. 9).
of similar morphology truncate their strike at an acute angle. Evidences and observations are as follow:
This specific anomaly is clearly visible on terrain models and
space images and can be explained by the following theory. — South of the Kapos valley, the prolongation of the west-

Due to the effect of horizontal shortening an asymmet- €M boundary of Kis6-Somogy (KS) as a major geo-
ric warping occurs in the Pannonian and Pliocene sediments ~ Morphological feature is displaced to the west by sev-
with fold axes striking approximately E-W creating asym- eral kilometres (western termination of Zselic — ZS).

metric slopes on the surface. Thrust faults occur near the ~ G€0graphic, morphological and geological conditions
folded areas where they propagate to the surface. remain the same in the two blocks, only the drainage

Due to continuous compression, the formation of folds network and catchment area switches to the opposite.

cannot be attributed to a specific, short period of tectonic _ The south end of the Marcali Range, then an anony-
episode. Several population of structures can be identified.  moys, gentle elevation in the central part of Bels

This is manifested by the fact that folding is occasionally Somogy (BS), as well as the eastern periphery of Za-
combined with thrust faulting that are themselves deformed  |3amii Range (ZAR) deflect to the west.

by younger folds. This phenomenon is quite common in fold

belts (e.g. Leith and Alvarez, 1985). These morphological — The two morphological edges of the ZalasipRange
features occur in thick Pannonian formations in the west- (ZAR) parallel or diverging slightly to the south splay
ern half of the Pannonian basin at the eastern termination of  at Nagykanizsa (Nk.) along a zigzagged feature over
the Alps. This suggests ongoing compression after Miocene  the west prolongation of the Kapos line. The south-
times. ern part of the range (ZAR) is uplifted, forming a
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Fig. 9. Relief map of western and central part of the South Transdanubia, showing the westward shifts of the radial pattern south of the
Kapos line. Interval of contour lines 50 m. 1: Elements of the radial pattern in morphology, 2: Relative motion directions of neotectonic
segments, 3: Elements of the saw-tooth/zigzagged pattern, 4: Shifted river valleys.

nearly isometric shape with radial drainage and valleyand correlation of well-log data (Mler et al., 1997) sug-

network and with a local maximum elevationg@olca, gest gentle folding of the sediments. The elevated position
248 m). The uplifted range offsets the exactly straight of the Lower Pleistocene Tengelic Formation drilled in the
Principalis valley (PV) to the west. Diosbeény well can rather be attributed to the local, subse-

L . quent uplift of the area.
Application of the theoretical model of shear zones

(Fig. 7.) suggests the presence of a dextral strike-slip fault The eastern prolongation of the Kapos valley crosses the
along the Kapos line during Late Quaternary times. Sanviz valley. The most spectacular morphological and hy-
At the eastern prolongation of the Kapos line from drographic anomalies of Transdanubia are ther Mough
Dombovar (Dv.) to the &nviz valley (SV), the morphological  and the @iz valley. They both transect the whole Trans-
features are quite similar to the arched, truncated ridge- andanubian Range. In the south the trough deviates then to
valley systems typical for the eastern margin of the Alps. Thethe SW and flanks the southern part of M&dd (MF_S).
asymmetric relief of both &i Hill (PH) and Tolna Hegyat  This morphological situation is interpreted as an elevated
Hills (THH) dipping gently to the southeast can be associatedarea that belongs also to the dextral strike-slip fault zone
with the slight contraction observed in the Pannonian Strataabng the Kapos Va||ey_ It reaches its h|ghest elevation at
The block of the Rri Hill truncates sharply the saw-tooth- sjk Hill (SH). The ENE-WSW striking watershed passing
like Koppany valley. At the same time, the Kapos valley cuts through this block separates two parallel valley networks of
the Rari Hill to the SE. This segment of the Kapos valley can completely opposite orientation, fitting in the previously de-
be regarded as a pre-formed NW edge of a younger comscribed radial pattern. Concerning its role in the geomorpho-
pressional structure that uplifted the asymmetrically elevatedogical pattern and valley network, this uplift is quite similar

Tolna Hegylat Hills. to the southern part of Zalaap Range.
Most recent data available from Tolna HegytHills do

not provide clues to solve the compression versus extension The turn of theDanube river near Paks coincides with the
problem of the area. The boreholes neabdbieény (Db.)  strike of the post-Pannonian fault zone observed near the
suggest the presence of a normal fault separating Pannonewn of Paks (Paks line) (Dudko, 1997). The eastern contin-
ian rocks located at different altitude in the Tolna He@glyh uation of the Kapos line east of Paks (P.) is rather uncertain
Hills and Kilsd-Somogy (Kolosar and Marsi, 1997). At asthis shear zone has no visible morphological appearance in
the same time, hydrogeological modellingd(fi et al., 1997)  the youngest Quaternary series of the Great Hungarian Plain.
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Fig. 10. Neotectonic structural elements interpreted from morphological features of western and central parts of the Pannonian basin. 1: Normal and listric faults, 2: strike-slip faults
3: reverse faults, 4: Combs of arched ridges, 5: Direction of recent extension, 6: Generalized direction of compression, 7: Generalized direction of motion of the different segments of tt
extruding block, 8: Main structural lines, 9: Abbreviation of geographical units, 10: Abbreviation of settletdphifisng and levelled areas— BH: Bakony Highlands; BR: Bakony Range;

BS: Bel$-Somogy; HCR: Hungarian Central Range; KK: KiskagsKS: Kilsd-Somogy; MF: Medfold; MF_S: Mezfold South; MR: Mecsek Range; MrR: Marcali Range; NHCR:

North Hungarian Central Range; PHarPHill; PPH: Papuk Hills; SH: & Hill; THH: Tolna Hegytat Hills; TrR: Transdanubian Range; ZH: Zala Hills; VR: \difly Range; ZAR: Zaladti

Range; ZS: ZselicSubsidences- CS: Csalbkdz; Isz: Szentendre island; SRargt; SP: Solt Plain; SZK: Szigek; TK: Tikacs. River valleys- BV: Bodrog valley; DV: Drava valley;

HV: Hernad valley; IV: Ipoly valley; KV: Kapos valley; KRV: Kerka valley; MV: Mura valley; NAV: Nagyok valley; PV: Principlis valley; SV: &iniz valley; SZV: Seviz valley; SZVV:

Szava valley; VVV: \li-viz valley; ZV: Zagyva valley; MT: Mr trugh; ST: Solyrar trough.Main tectonic lines— BBL: Balaton-Bodrog line; CSML: Csed#t-Matra line; KL: Kapos line;

MAL: Mecsekalja line; MMZ: Mur-Mirz-Zilina line; RL: Raba line.Main geographical units— GHP: Great Hungarian Plain; LHP: Little Hungarian Plain; NDB: Northern Danube basin;

TRD: TransdanubiaSettlements and Capital citiesBudapest, Wien, Bratislav@ther cities— Bh.: Berhida; C.: Cegld; D.: Debrecen; Db.: Bsbeéeny; Dv.: Domlbvar; F.: Fonyd; Gy.:

Gybr; K.: Komarom; Km.: Kecskerat; Kv.: Kaposwar; M.: Mor; Mo.: Mohacs; Nk.: Nagykanizsa; P.: Paks; Szg.: Szeged; Szl.: SzolnokaBar®/; Zszm.: Zalaszentrdily.
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4.3 On the possible neotectonic origin of the morphology Miocene faults. In a similar way to the model presented in
Fig. 7, these faults are accompanied with a sinistral principal
Figure 10 summarises the neotectonic fault pattern deterdisplacement zone along the lake (see Fig. 10). This neo-
mined by the analysis of the geomorphology and/or genetigectonically important zone is named on the map as Balaton-
types of Quaternary deposits in the western half of the PanBodrog Line (BBL). Dextral strike-slips of segments toward
nonian basin system. the sinistral cutting fault zone formed a series of separated,
In the Eastern Alps and in the western part of the Trans-extensional depressions. These depressions tectonically pre-
danubia, the maximum horizontal stress axis is aligned toformed the initial sub-basins at the starting phase of Lake
N-S direction, that trigs the ENE-NE directed escapeing of aBalaton’s evolution The main, sinistral transversal fault runs
tectonic block that is made up by the North-Pannonian Unitundoubtedly under Lake Balaton that prevents its tracing by
(NPU) and the Mecsek-Véiny region of the Tisza unit. Mo-  means of geomorphology. Morphological features that are
tion of the block is along the Mur-krz-Zilina line (MMZ) traceable even on the Upper Pleistocene loesses suggest that
with sinistral lateral slips. In the south, the block is dis- the formation of the Balaton basin took place during the
placed along a dextral fault system that are the Periadriatiai/iirm or later. Consequently, considering the pre-forming
lineament and its branch in the @a valley. Besides the effect of neotectonic processes, the evolution of Lake Bala-
general trend of the motion the block is accompanied withton may have started only some tens of thousands of years
a gentle counterclockwise rotation. Thus the Drava valleyago. This assumption well corresponds to the data obtained
and the Tisza valley between Szolnok ar@hdny (Z.) are  from wells penetrating the bottom sediments of Lake Bala-
extensional areas. ton. These wells indicate the lack of Pliocene and Pleistocene
The maximum horizontal stress axes is oriented N-S in thdacustrine sediments between the Pannonian (Miocene) and
Eastern Alps and in the westernmost part of the TransdanuHolocene lake-bottom sediments (Csernyi and Nagy-Bodor,
bia, which is assumed to induce strike-slip fault zones in-2000).
side the escaping block. These are tf@®&line (RL), the Its presence is indicated through prevailing depressions in
Balaton-Bodrog line (BBL), the Kapos line (KL) and the so morphology along its western and eastern prolongation (see
called Mecsekalja line (MAL). The slight differences of the Fig. 10). To the west it is proven by the peat-bearing re-
present-day extrusion velocities between the separated segions of the Séviz valley, by the low-lying, swampy ar-
ments result in the formation of active uplifts and pull apart eas of Kis-Balaton, and by the bending of the ridge of the
depressions in the restraining and releasing bends of strikezalaagti Range (ZAR). To east similar depressions are the
slip faults, respectively. Tikacs (TK), the @rrét (SR), Lake Velence and the swampy,
The Raba line sharply separates the subsiding Little Hun-central part of \ali-viz as well. The zone reaches the Danube
garian Plain from the uplifting areas of the Zala hills and river at the southern edge of the&®@ny Plateau (TP ). To
Transdanubian Range. The line is a sinistral strike-slip,the northeast this young shear zone of sinistral character fol-
which near G$r divergences for two components. One turns jows the direction of the main structural units in Hungary.
to the east associated with uplift on the southern bank of thea few related conjugate faults run towards the asymmetrical
Danube river. The principal displacement zone shifts in azagyva- and Herad valleys. Then it runs along the axis of
releasing stepover to the Murivz-Zilina line. This phe-  the Middle-Tisza and Bodrog valleys forming a sharp divid-
nomenon is reflected first of all in the Quaternary basin ofing line between the regionally uplifted Northern Hungarian
the Little Hungarian Plain. Thick sediments of Quaternary Range with its foreland areas and the subsiding Great Hun-
age plunge from its south-western and north-eastern margarian Plain.
gins to the Szigeihz trough (SZK) between Bratislava and
Gyor (Draskovits et al., 1995; Scharek et al., 1998). The
SW-NE extension of the basin causes normal faulting in thes Conclusions
north-eastern part of the North Danubian basin (Kosgal.,
2001), and normal and listric faulting prevail in the south- |n summary we can make the following conclusions:
west. Listric faults probably control the left side tributaries
of the Raba river (Rpce, Gypngyds, Sorok etc. rivers). The — In the eastern termination of the Alps explicit NNE-
southern border of the segment coincides with the main ge-  SSW compression is effecting the Pannonian (Upper
omorphological structure drawing out the south edge of the Miocene) strata of the Pannonian basin system. Several
Transdanubian Range. generations of E-W striking folds were formed that de-
The morphology of the northern shore of Lake Balaton cisively determines the surface morphology in this area.
is controlled by two components of the presented zigzagged  The eastern termination of this region is between the
pattern. One of them has a NE-SW, while the otherhasaW-E  town of K6szeg (Ksz) and the Kerka valley (KV) with a
direction. The NE-SW direction is related to the morphology sharp N-S boundary.
of the range and is parallel to the main strike of the ranges.
The other direction is associated with strike-slip faults and - Further to the east from the above boundary between
with left-lateral displacements. The Quaternary movements  the Raba line and Drava valley, to the NE from Danube
take place along the reactivated, nearly W-E striking dextral bend towards the line of Kecské&n(Km.) and the
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