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INTRODUCTION

In recent decades mach data have been publistoed thie influence of geological
structure (geophysical anomalies, tectonic strectand neotectonic activity, palaeo-
surface morphologygetc) on the distribution, formation conditions andlgemgeo-
graphical development of relief complexes (moramgands and plains, terrace plains
and river valleys, aeolian massié&tc). Yet specialised researches dealing with tlagds
are lacking in Lithuania. Therefore, the quest®open as to the consistency and typical-
lity of this influence in the continental glaciatiderritories, research methods of this
influence and the character and dimension of gecdbgeredity.

The subject of investigation is related with smntof relevant issues in everyday
practices. The information about concrete linkg@bmorphological complexes with the
geological structure contributes to better undeditey of the causes of generation of
these complexes, development of specific (sandsegraill and sediments of variable
composition) layers of deposits and geoecologioaddions. Data of this kind are very
impor-tant for territorial planning, evaluation géoecological conditions of territories
and prediction of the distribution of some valuabiaerals, groundwater in particular.
Inves-tigations of palaeogeographical evolution s@irfaces are important for

reconstructions of the evolution of palaeosystentsgalaeoenvironments.

Research Object

The geomorphological regions of South Lithuania tadr subterranean geological
structures (geophysical anomalies, tectonic fasli®-Quaternary rock surfaces and the
basicPleistocene palaeosurfaces). In comparison witbrdttthuanian regions, the South
Lithuania region under consideration is best geoklly and geomorphologically
investigated (Fig. 1).

The Aim of the study
The main objective of the present research wa®valuate the influence of
geological structure on the development of eartfiase geomorphological complexes

(regions) based on the case study of South Litlauani
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Fig. 1. Location scheme of investigated territory

Main Tasks

The following tasks had to be fulfilled:

1. Analysis of previous geomorphological investigai@and geomorphological and
palaeogeomorphological regionalisation.

2. New palaeogeomorphological regionalisation of Quaternary rock surface and
analysis of the main palaeosurfaces of Pleistostraéa.

3. Evaluation of lithomorphogenetic structure and patgeographical evolution of
geomorphological regions of recent earth surface.

4. Evaluation of the links of deep geological struetwith the distribution of
geomorphological regions.

5. Evaluation of the link®f sub-Quaternary and Pleistocene rock surfacds tivé

distribution of geomorphological regions.



Methods

The present research is based on methodology wofplex investigations. It
emphasises the synchronous application of genetmrphological and lithological
criteria for determining the lithomorphogeneticusture of geomorphological regions.
The principle of reference objects investigatiosoalvas applied allowing detailing of
some geomorphological and geological processdisfibf palaeoincisions, formation of
aeolian massifstc.).

The following other methods were applied: palaeogaphological regionalisation
of sub-Quaternary surfaces, investigation of litbopmogenetic structure of geomor-
phological regions, evaluation of the filling ma#tiof palaeoincisions, calculation of the
relative entropy of till deposits, and correlatianalysis for statistical comparison of

palaeosurfaces and current surface uSimgerandExcelcomputer programs.

Novelty of Research

New regionalization of sub-Quaternary surface wasducted and reliability of
differentiation and comparability of Pleistocene lag@surfaces evaluated using
correlation analysis method. A new map (at a séa®0 000) of lithomorphogenetic
regions was compiled and the palaeogeographical-gbasial development of the
distinguished geomorphological regions was evatuate conception of geomorpho-
logical heredity of relief, i.e. the evolution océ@morphological regions is linked with the
geological structure predetermined by tectoniccstme and neotectonic activity and sub-
Quaternary and Pleistocene palaeosurfaces of redses, is suggested. The correlation

links between the compared surfaces were determined

Practical importance

The practical importance is related with distirging smaller territorial units —
micro-regions — in lithomorphogenetic structuregafomorphological regions based on
their distribution, morphology and geological compion. Lithomorphogentic micro-
regions serve as the mineral substratum of ecaosgstef defined territories which
together with other constituents of ecosystems c@@@ unique landscape. Geomorpho-
logical heredity helps to understand the processlegosition what is important for

prediction of the incidence of some valuable mileer@and evaluation of local geo-
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ecological conditions. Investigations of palaeogapbic evolution of surfaces are
essential for reconstruction of the history of palsystems and palaeoenvironments. The
data of palaeogeographic evolution of surfaces Ilsopgnted with the ecogeological data
and information about the degree of technogenicachmgan be used in territorial
planning — development of master plans, regionald lananagement projects and

development schemes of specialised activity.

Main Vantage Points

1. The South Lithuanian geomorphological regions eepresented by large
geomorphological complexes generated by one owapfevailing geological-geomor-
phological processes. They are distinguished fecifip palaeogeographical evolution,
differ in age and scale of post-genetic transforomaand have a specific and variable
lithomorphogenetic and deep geological structure.

2. The influence of geological structure on the etiolu of geomorphological
complexes is displayed through the links betweealaand linear tectonic movements
(endogenic processes) and relief-generating egrogeacesses (exaration and erosion
and glacial aquaglacial, aeolian and fluvial acclatmon).

3. The palaeosurfaces of sub-Quaternary and maire@slafaces of Pleistocene
strata are a result of the interaction between @ewic and egzogenic processes and
compose the statistically proved basal complexeoént geomorphological regions (sub-

regions).

Data Sources

The data used in the present research were aalébrough participation in the
projects supported by the Lithuanian Science andli& Foundation “Stone Age in
South Lithuania” and “Raigardas” and the scientrgsearch programme supported by
the Lithuanian Scientific Council “Ciklas”. The ressary additional data were collected
during field expeditions and by analysis of theutessof previous investigations, i. e.
large-scale maps and cartographic and aerophotmgjeal decoding reports stocked at
the Lithuanian Geological Survey (Betral, 1997;A. lllnayna u op., 1972, 1973, 1974 a,
1979; butunac u op., 1983; Carkynac u odp., 1991 a and others), medium-scale

Quaternary geological and geomorphological maps ob@#, 1998, 2000), and
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ecogeological maps of Vilnius, Trakai, \éaa and S&ininkai districts at a scale 1:50
000 (Taikonyjy..., 1989; Vaénos..., 1992; Lietuvos geologinio..., 1993-1998).

Approbation of the doctoral dissertation

The results were presented at twelve internati@yahposium: in Finland (2006,
2011), Estonia (2009), Germany (2010), Russia (260&ola; 2012 — Valday), and
Lithuania (2007 — Plateliai; 2013 — Trakai).

The research results also were reported in 13iqailns 4 of which in issues
included in the database ®homson Reuters Web of Sciemecel database with cited
referencedSl WOS 4 in journals included in thEhomson Reuters Master Journal List

and five in other refereed periodical, serial and-off scientific issues.

Extent and Structure

The doctoral dissertation is composed of Introduct Overview of Previous
investigations, Methods, Results (four sections Ahdub-sections), Conclusions and a
List of References (318 entries). The dissertaimmtudes three annexes with the list of
author’s publications on the dissertation subjksitt,of geomorphological regionalization
and list of boreholes used in the present resedioh.dissertation is comprised of 154

pages, 48 illustrations and 11 tables.
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1. OVERVIEW OF PREVIOUS INVESTIGATIONS

The present dissertation is based on the dataoofplex geological and geo-
graphical investigations. The survey includes #search works carried out in the fields
of recent dynamic processes, geomorphological magpsiructural geomorphology, and
morphology of relief.

Structural geomorphological investigations The first investigations aimed at
tracing the links between the deep and surfacetsites of the earth were carried out at
the beginning of the 20th century by V. Karoliewid®28) though already L. Sawicki
(1909) in his works mentioned the possible linkwesn relief and geological-tectonic
structures. V. Gudelis was the pioneer of the usstractural geomorphology methods
for geological purposes (Gudelis, 1935;nemuc, 1957, 1960, 1961 a, c, 1981, 1982).
The influence of neotectonic movements on the agweént of landforms was analysed
by V. Cepulye (Yenynure, 1956, 1965, 1967, 1971) and A. Basalykas (Basalyk955
a, b, 1956, 1958 a, b, 196Bgcanukac, 1955, 1957 a, b, 1961). The structural geomor-
phological investigations have gained special &tianwith intensifying prospecting for
oil. Of extreme importance are A. Sliaupa‘s reseesc(A. Sliaupa, 1994; Alsyna,
1968, 1970 a, b, 1972, 1976, 1978, 1979%Puiymna, ®unocopos, 1969).

Studies and regionalization of sub-Quaternary rock surface The first
publications about this surface appeared in Lithuamthe 20th century (Friederichsen,
1918; Hess won Wichdorft, 1919; Hundt, 1919; Mostm 1926). A. Jentzsch (1900)
was one of the first who by means of schematicyipes depicted the sub-Quaternary
surface in 1899. It was later described by A. Tarsig(1910). J. Lewinski and J. Samso-
nowicz (1918) compiled a scheme of the sub-Quatgrsarface of South-Western
Lithuania and neighbouring territories. The firsapof the Lithuanian sub-Quaternary
surface with explanation of its genesis was cordpidg J. Dalinkewiius (1930). Later,
maps of this palaeosurface were compiled by &pulye (Cepulye, 1959;Yenymmure,
1956, 1965), P. Vaitidlnas (1959), A. Ignatasius (1959), and V. Vonsatius (Borca-
sBuuroc, 1965, 1972, 1976, Kondratignvonsavéius, 1994). A. Gaigalas, S. Vait@hkas,

A. KlimaSauskas and G. Prakagadompared their individual map of sub-Quaternary

relief with geotectonic data and made a conclughan the main elements of this surface
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in the territory of Lithuania were generated by omd-lasting tectonic development
process of South Baltic sedimentary rock mass tstred aiiranac u op., 1967).

1968-1969, when A. Sliaupa’s studies appeared, eaggarded as the beginning
of a new research stage of sub-Quaternary roclaceifA.lllnsayma, 1968; 1970 a, b). In
his later works, A. Sliaupa suggested that the diyyetric position of scarps not always
depend on the lithology of sub-Quaternary rock dsyevhereas the system of
palaeoincisions is related with geological andaeict deep structures (A. Sliaupa, 1996,
1997 a, bir kt.). The issues of palaeochannels of recent riveesewdiscussed by
P. Vaitiekanas, V. Gudelis, L. Petrulis, Aepulye, A. Ignatavtius and others. The sub-
Quaternary surface for compilation of morphologiaatl other thematic geological maps
was regionalized by A. Gaigalas and M. Melés{Baigalasir kt., 1976;Menemure,
1976ir kt.), V. Vonsawtius (Kondraties, Vonsavéius, 1994), A. Basalyka${canuxkac,
1980),C. Kudaba (Kudaba, 1983), and J. Paskiesi (Paskewiius, 1994).

Studies of Pleistocene strata palaeosurfac&he first detailed works dealing with
Pleistocene surface appeared in around 1958 whemodieally systematic geological
mapping at a scale 1:200 000 was undertaken. Twaepsurfaces were most reliably
distinguished: roofs (tops) of Dainava formatiord aviedininkai sub-formation of Zei-
mena formation. Namely these two palaeosurfacese wapductively studied by
V. Cepulye (Cepulyi, 1959, 1968, 1973ienymute, 1967, 19681971, 1972 and 1974).
These studies bore regional character and wereneahfo hypsometric mapping of roofs
and floors (tops and bottoms) of strata.

The buried Pleistocene palaeochannels within Mdrterritory were described by
L. Petrulis (Petrulis, 1958 a, b). An attempt toamstruct the interglacial palaeochannels
in Kaunas was undertaken by V. K&sis Kamemmc, 1968). L. Micas Mumac, 1968,
1974), M. MeleSy (Menemmute, 1976, 1978), Z. MalinauskaM@munayckac, 1991) and
V. Baltrinas (Balttinas, 1995, 2002) were interested in structuralagmaeographical
and palaeogeomorphological aspects of palaeoctannel

Studies of postglacial palaeogeographical evolutionrMany scientists investi-
gating into this issue confined to general schetnadiaeogeographical characteristics of
the region. The obtained results later servedtas@etical and methodological basis for
new investigations (Micas, 1963, 1964; Basalyk&§5] Vaitiekinas, 1968; Kudaba,

1983; Kabailies, 1990; Dvareckas, 1993; Gaigalas, 1993 enuc 1973; lNaiiranac,
11



1979; Kouaparene, 1996 and others). Other research works were rageted, i. e.
devoted to investigation of concrete objects andguspecial methods. The fundamental
conclusions of these research works largely cameidb to knowledge of palaeogeo-
graphical conditions of the time under consideratiBirstly, these were spores-pollen
investigations of last glaciation and Holocene isest in South Lithuania and neigh-
bouring regions and correlation of biostratigraphic analysed sections with other re-
gions (Seibutis, 1974; Kunskas, 1977; Kabadje2001; Statikaité et al, 1998; Kabai-
lien¢, Startikaitée, 2001 and others). The results of geochemicdiplligical, petro-
graphical and textural investigations added todbethderstanding of palaeogeographical
environment (Baliinas, 1995, 1997 a, 2001 a, b, 2002; Gaigalas, 200ddas, 2001;
Muxkanayckac, 1985 and others).

Studies of continental aeolian formationsThe continental dunes of Vilnia basin
were studied by L. Micas (Micas, 1955). A. Basab/keas the first who characterised in
detail the dunes of south-eastern Dainava plaiBasalykas (Basalykas, 1955 c, 1958 a,
1965, 1969pbacanukac, 1987 and others). They also were investigate(Kiigtapavtius,
1961 a, b, 1962, 196&pucranasu4toc, 1960), V.Klimaviciené¢ (Knmumasuuene, 1968),
V. Gudelis ir R. Vaitonieé (Gudelis, Vaitonied, 1974 a, b, 1975; &ironene, 1975,
1976), R. Morkinaitt (Dvareckas, Mor#naite, 1996; Morkanaite ir kt., 2002; Cesnule-
vicius ir kt., 2004). The available literary data show that deelian deposits of South
Lithuania were rather thoroughly investigated imnte of genetic identification and
mapping and dune morphology and classification.tifetissues of palaeogeography and
geochronology of aeolian deposits and the influesfoendogenic forces on them remain
controversial issues.

Geomorphological regionalization The first attempts to regionalize the Lithua-
nian surface occurred at the beginning of the Z@htury and were rather sketchy
(Woltosowich, 1920; Mortensen, 1928jrelitinas, 1926; Sininas, 1931, 1935; Baro-
nieré, 1937; Tarvydas, 1937; Klimas, 1938).

A more thorough regionalization was undertakeerattie war along with intensive
geomorphological investigations. Surface regiomdion was based on newly obtained
data Cepulye, 1953, 1956 a, b, 1957; 1958; Tarvydas, 1955)s@cial importance
were the complex work performed in 1958 “Physicabgyaphy of the Lithuanian SSR*,

V. |, which consistently generalised the availabkterial about the Lithuania‘s nature
12



(Lietuvos..., 1958) and physical geographical regization conducted in 1965 (Basa-
lykas, 1965). He distinguished 6 landscape prown22 regions and 250 sub-regions.

In the seventies of the 20th century, a new cammep- landscape — of regiona-
lization method was developed (Basalykd877,1981, 19841986; bacanukac, 1976).
Based orC. Kudaba’s glaciomorphological investigations o Burface, P. Kavaliauskas
compiled a scheme of regionalization of Lithuanlandscapes. He distinguished 18
landscape provinces, 45 regions and 108 sub-regi@nghe orographic-belt basis, the
provinces were incorporated into 8 landscape tréGalvydye, Kavaliauskas, 2003;
Kasansyckac, 1986). The Lithuanian Quaternary geological nia@@0 000) compiled in
1998 and the Lithuanian geomorphological map (1:@00) compiled in 2000 allowed
their compiler R. Guobytdistinguishing 6 geomorphological provinces, 2gioas, 13
sub-regions, and 467 micro-regions (Gueéby2001 a, b). In 2004, R. Guobytand
A. Cesnulevtius conducted lithomorphogenetic regionalizationLahuania within the
state research programme “Lithosphere”. The lablighed works were performed by
R. Guobyt¢, P. Kavaliauskas and ACesnulewtius. R. Guobyt and P. Kavaliauskas
distinguished 15 geomorphological provinces, 37amg and 33 sub-regions (Visuo-
tiné..., 2007). The geomorphological regionalizatiohesne made by ACesnulewvéius
includes 7 provinces and 30 regioge$nuleviius, 2010).

Generalising it can be pointed out that attemptsegionalization of Lithuania’s
surface were interesting and useful. Yet the tarooanits or regionalization still are ill-
defined and ambiguity and there remains the proldéapplication of different criteria.
Also it is obvious that too little attention hasebedevoted to lithomorphogenetic
structure of geomorphological regions, use of lpriata, and complex application of

genetic, morphological and lithological criteria.
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2. METHODS

South Lithuania was chosen for the present stdg derritory marked by high
diversity of relief age, genesis and compositioig.(). The surface of the studied
territory is composed of the Medininkai (ASmena)ldsyl and EiSisés (Lyda) Plateau,
South Lithuanian Upland, South-eastern (DainavajnPMiddle Nemunas Plateau, and
the southern part of Lower Nemunas Plain.

In comparison with other Lithuanian regions, Solithuania has been better
geologically-geomorphologically investigated. Inistherritory, large scale geological
mapping (1:50 000) and aerophoto geological degpdiave been performed by
V. Baltrinas, A. Bitinas, A. Jusién A. JusSkewuiaté, R. Guoby, B. Karmaza,
D. Karmazieg, J. Satkinas, A. Sliaupa, A. VerSickiénand others(Ber et al, 1997;
Guobyt, 1998, 2000llnayna u op., 1972, 1973, 1974, 197Butunac u op., 1983;
Catkynac u dp., 1991 a and other). The obtained results, badeig in particular, were
very important for investigation of the influencegeological structure on the evolution
of surface relief complexes and geomorphologicatetiéy phenomenon in South
Lithuania.

For stratigraphic classification and identificatiof the Quaternary deposits, the
Lithuanian Quaternary stratigraphic scheme compitgdthe Lithuanian Geological
Survey was used (Saihkas ir kt., 2007). The stratigraphic classification of surface
geomorphological complexes was performed baseti@sdheme of the last deglaciation
stages and phases which has been used for marsyateady (Gaigalas, 2001).

Regionalization of sub-Quaternary surface Regionalization of the Lithuanian
sub-Quaternary surface was performed based ongee genesis and morphology of
relief. This historical genetic principle of regalization has been in use for a rather long
time and is of high theoretical and practical vdluecompilation of palaeomorphological
schemes and maps of buried relief. The palaeoggwmlmyical regionalization of sub-
Quaternary rock surface undertaken in the presesedation included the following
steps:

1. Analysis of sub-Quaternary surfaces of Lithaaand neighbouring regions.
V. Vonsavtius’s (Boucasuuioc, 1972, 1976) and A. Sliaupa‘s (A. Sliaupa, 2004naps

supplemented with the data of large-scale geolbgiepping (Guoby, 1998, 2000;
14



A. lllnayna u op., 1972, 1973, 1974 a, 197Butunac u odp., 1983;Carkynac u op.,
1991 a) were used and preliminary palaeogeomorgiaabregions distinguished based
on the absolute altitude and character of erosxamation features of palaeorelief.

2. Comparative analysis of variable age geologioatplexes and tectonic structure
(incidence of faults) of sub-Quaternary surface wsesformed using geological,
structural-formation and tectonic maps of East iBakgion (Baltic countries)Ieouio-
ruueckas..., 1980;Tektonnueckas..., 1980, CtpykrypHo..., 1982).

3. Analysis of the lower part of Quaternary strates performed determining the
age and genesis of deposits bedded on top of peddersheds of sub-Quaternary surface
and genetically and stratigraphically identifyingdatypifying the strata filling the
palaeoincisions. The age and origin of the deposislying the palaeosurface also show
the age and origin of the palaeosurface itself.

4. Formulation of generalised lithomorphogenetid atratigraphic characteristics
of the distinguished palaeogeomorphological regions

5. Compilation of the palaeogeomorphological raglzation scheme based on the
legend.

Evaluation of the texture of the filling material of palaeoincisions Analysis of
the material filling the palaeoincisions of sub-@uaary surface allowed compilation of
generalised circle diagrams of dominant sectiomsniost of palaeogeomorphological
regions using the method widely applied in Denm@leological..., 1993). The outer
ring of the diagram indicates the composition ob@unary deposits from —200 m to O m
(sea level) abs.a. and the inner ring from O (ssal) to +200 m abs.a. The different
colours stand for different origin of deposits.

Evaluation of palaeosurfaces of Pleistocene stratawo problems had to be
solved during the investigation of Pleistocene pasairfaces: evaluation of reliability of
surface classification and comparability of palastaces.

The South Lithuanian Quaternary deposits weretifieth and characterised by
genesis and age using the data of grain size, alifiarthe fractions of 0.25-0.1 and 0.1
0.05 mm), petrographic (in the fractions of 30-10+5 and 5-2 mm) and geochemical
(in the fraction <1 mm) analyses of glacial seditaegind of other investigations. The
identification of the two chosen palaeosurfacesiri®e&a and Zeimena formations) was

rather complicated, in cases of stratified till eovn particular, since the absolute majo-
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rity of the sections of Quaternary strata have emiified interglacial layers. The multi-
layer structure of tills was preliminary identifieshicroscopically according to the
archival curves of boring diagraphy.

An attempt was made to determine the relativeopgtof grain size composition, as
an indicator of multi-component mixture, of till¥he method of relative entropy has
been used in geosciences since long ago (Bals; 1995). Entropid, as a function of
state, is expressed as:

H=-Zpi log pi,
wherep; — portion ofi component in the system aag=1. The used relative entropy
shows the ratio between the entropy and the maemabpy of the studied system:
S=H/H,
The latter expression is convenient for compariaad graphic depiction of different
systems (tills).

For detailed analysis, the areas with the comp@etestratigraphically most reliably
identified sections of Pleistocene strata in thak@r District (south-west of Vilnius)
(Baltrinaset al., 2008) and areas in Daugai and &f& environs (Baltinas, Pukely,
2008) were chosen.

For analysis and comparison of palaeosurfaces,@Béholes through the entire
Quaternary strata with reliable stratigraphic dfasstion of their sections were used
following the Quaternary stratigraphic scheme cdéegpby the Lithuanian Geological
Survey (Satinasir kt., 2007). As the values of absolute altitude of pared palaeo-
surfaces in the boreholes are marked by stochaste (non-deterministic links between
random values) binary correlation coefficients (were calculated for statistical

determination of correlation links between two cangu palaeosurfaces.

> (s ~x)x(v - )
M= T —, Wwhere-1<r<+1; (X,Y,), (=1, ..., N) - binary
b=

i=1 i=1 measurementN — number of binary measurement

N

(xi,yi) : >_< — mean ofstochasticquantity X; ?/ -

mean ofstochastiquantityy.
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The significance of correlation coefficients wasedimined using B. Smirnov‘s formula:
fof =10/ (ta',fz"' N - 2)2

whereN — number of samplesy — significance levelt,  — critical value of Student's
distribution withf = N — 2degrees of freedom.

The statistically significant correlation coeféicits were identified by comparison
with the critical valuea of the calculated coefficient. For evaluation oétstical
significance, a ternarg value was usedz = 0.05,a = 0.01 anda = 0.001. In all cases,
the correlation coefficients of all compared suefcre statistically significant and
reflect the actual interdependence.

Using the Surfer program and Cringing” interpolation method, the data of
geological mapping of boreholes, embracing the wh@Quaternary strata, were
generalised and hypsometric models of palaeosurédiet were compiled.

Investigation of lithomorphogenetic structure of gemorphological regions
Relatively homogeneous areas (micro-regions) wistenduished in the studied territory
paying special attention to relief morphology, gesegeological structure and texture,
lithological composition, and groundwater level.tHomorphogenetic micro-regions
incorporating one or a few genetically comparath®logical complexes represent struc-
tural parts of higher rank territorial units — geanphological regions. Investigation of
lithomorphogenetic structure of geomorphologicagjioas had to reveal the character of
non-homogeneity of these regions and serve asietstal basis for their distinguishing.

The mapping of lithomorphogenetic regions on midahe large scale was realised
in the following sequence:

1 — The map is compiled on the basis of Quatergaojogical and geomorphological
map.

2 — Lithomorphogenetic (geological-geomorphologicaicro-regions are distingui-
shed joining the areas of dominant genesis andldighcal composition marked by
uniform geomorphology, comparable absolute altitadd other features (aeolian, peri-
glacial and other).

3 — The genesis and age of deposits is colour-caodbef is marked using brown, and

lithological composition using black conventionggrss.
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4 — The thickness of the surface layer and groutetveepth are shown in generalised
formulae for areas and micro-regions and the domiiahsolute altitude is indicated in
numbers.

5 — The written text (tables) gives the titles atbreviations for micro-regions and
briefly describes the lithological, geological-gemnphological and other characteristics.

The material about micro-regions was collectednfrgeological and geomorpho-
logical maps of various scales, sections of praspgdoreholes and test pits and from
the data obtained during map sketching of quaamesoutcrops.

Investigation of palaeogeographical evolutionThe investigation of palaeogeo-
graphical evolution of South Lithuania in late gédand Holocene was carried out for
palaeogeographical reconstruction of the formawdngeomorphological regions and
their lithomorphogenetic structure. The palaeogapigical maps at a scale 1:200 000
were compiled based on Quaternary geological an@mgephological maps
(M1:200 000) (Guobyt 1998, 2000;A. Iasyma u op., 1972, 1973, 1974 a, 1979;
butunac u odp., 1983; Carkynac u dp., 1991 a). They palaeogeographical maps were
compiled using original methods and legend which been published in print (Baltras,
1997 a; Baltfinas et al, 2007, 2010; Svedais kt., 2004). The maps in the present
dissertation are given in the form of simple schenée schemes are made for all stages
of palaeogeographical evolution: Ziogeliai phasd ate Nemunas, Baltija stage and its
South Lithuanian phase, and Early Holocene (Bor&gdasr kt., 2004).

Investigation of continental aeolian formations Aeolian formations represent an
important part in the lithomorphogenetic structafe&South Lithuanian geomorphological
regions. They are widespread in the studied teyriamd very dynamic, i. e. they respond
to such important environmental factors as genghiological foundation, climate condi-
tions and wind intensity, deep structures and r¢omgc movements.

Eleven smaller study areas were chosen in the Satlthanian dune terrains. They
are Ridninkai, Batiai, Varéena, Palkabalis, Lynezeris, Marcinkonys, Musteikatri,
Randamonys, Dubas and LateZeris aeolian referaees.alrhe morphometric indices of
966 big dunes (absolute altitude of dune top antbbyg relative altitude and crest length,
crest lee-ward azimuth, number of dune offshoqistial position of dunes and other)
were calculated using topographic maps at a sc2k 400 (Table 1). The parameters

were statistically generalised and analysed foretation: correlation between pairs and
18



Spearman’s and Kendall's rank correlation coeffitsefor the entire aeolian stretch (966

dunes) and for separate aeolian areas. Gravimetaghetometric, tectonic, structural

and other maps were used for determining the liekvben the incidence of aeolian

forms and geological-tectonical deep structuredt{@azasir kt., 1998).
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3. RESULTS

3.1. SUB-QUATERNARY ROCK SURFACE AND ITS
PALAEOGEOMORPHOLOGICAL REGIONALIZATION
The absolute altitude of the South Lithuanian Quiaternary surface ranges from
+100 to +80 m above sea level in its north-eagbamand from 0 to —20 below sea level
in the western part (A. Sliaupa, 2004). The bottahpalaeoincisions are plunged to a
depth from —160 to —140 m in the western part. Theerage depth is —70 + =120 m
below sea level (Fig. 2, 3 a, b). In South Lithaathis palaeosurface is composed of
rocks of various geological systems. Chalk (chalkalk marl, marl) is the most
widespread deposit in the studied territory. Thatlsavestern part of the territory is
predominated by deposits of Palaeogene system,(séeutite, clay, marl, opoka) and
the south-eastern part by sandy deposits of Neoggstem (Lietuvos geologija, 1994;
Lietuvos Zemds gelmi..., 2004). The north-eastern edge of the territtrg sub-
Quaternary surface is somewhere composed of DavoRermian and Triassic deposits

which in other parts of the region occur in thepst® and bottoms of palaeoincisions.

"/pa['clem-‘alley of
sub-Quaternary
surface

-60 20 0 20 60 100 140 m
CL T 1 [ T .

Fig. 2. Map of South Lithuanian sub-Quaternary surfacegaideovalley.
Compiled by A. Sliaup@A. Sliaupa, 2004 a)
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Palaeoincisions are unevenly distributed in thetl®duthuanian sub-Quaternary
surface. In the eastern part, they are shallowrarelwhereas in the western part they are
deep and comprise a dense network. In the easteincentral parts, the stretch of
palaeoincisions almost coincides with the chaimezent Merkys and Middle Nemunas
valleys. In the western part, palaeoincisions aiented NE-SW what has been predeter-
mined by the evolution of hydrographic networkhe first half of Quaternary.

The steps, slopes and palaeoincisions of sub-@ute surface are of different
genesis and age (Bitinas, 1999 a, b). The formatiopalaeoincisions and their steps
largely has been predetermined by neotectonic tetiess The distribution of palaeo-
channels once coincided with the network of subt@uary palaeoincisions. Later, these
palaeochannels were transformed by exaration pseseand glacier melt water flows
(Satkinas, 2000). During the Quaternary, new elementthisf network occurred and
some sectors of palaeoincisions deepened. Thegeveepth of sub-Quaternary surface
incisions reaches 30-80 m (A. Sliaupa, 2004). Téygttts of their bottoms presumably
have been related with World Ocean fluctuationslt(Baas, 1997 b). Three types of
palaeoincisions are distinguished according tagtheial and aquaglacial filling deposits.
Palaeoincisions where:

1. The filling is composed of aqueoglacial inteastied deposits each of which
account for 25—-75 %. Glacial deposits (tills) cantcate in the upper, middle and lower
parts of palaeoincisions.

2. The filling is predominated by glacial depositeey may be of similar of differ-
rent age and indicate the time of filling the palaeisions.

3. The filling is predominated by fluvial (glaclotial, glaciolacustrine, alluvial and
limnic) deposits. The greater part is representeddposits from melt water flows (sand,
gravely sand, gravel) or periglacial basins (ctgurite, very fine sand).

The conducted research work allowed compiling wathian palaeogeomorpho-
logical scheme at a scale 1:500 000 in which, basdidhomorphological characteristics,
palaeogeomorphological regions were distinguisiibéeé. scheme was made based on the
following principles (Baltiinas, Pukely, 1998):

1. Principle of actualism according to which thelggical and geomorphological
conditions of the present surface are the keydoomstruction of the past surface and its

features.
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2. Methodological principle according to which thegin, composition and proper-
ties of sub-Quaternary deposits may serve as aigeefor determining geomorpholo-
gical characteristics.

3. Dynamic principle which states that large negatorms of this palaeorelief
usually comprise open erosion and erosion-exaratystems.

4. Principle of evolution which states that thegant surface of sub-Quaternary
deposits is a result of surface smoothening by diatan and accumulation processes in
Palaeogene and Neogene and erosion, exaration eotbctonic processes in the
Quaternary.

5. Palaeogeographical principle stating that tméase of sub-Quaternary deposits
and its macro forms were generated and developebbdal geological structure and
tectonic conditions, during the neotectonic tim@amticular.

Nine palaeogeomorphological regions were distisigend in the territory of Lithua-
nia four of which are more or less within the sasdSouth Lithuanian territory (Fig. 1).
Their description is given below (Fig. 4).

The Great Lithuanian Lowland (Il a and Il b) — sandy and clayey, carbonaceous,
with deep valleys, eriosional-exarational lowlandhwprevailing Middle Pleistocene
Zemaitija undulating terraced watersheds, whicthezwestern part are disintegrated by
valleys of cuesta type.

The East Aukstakiai Plateau (VI b) — sandy and clayey (only sandy in the south-
eastern part), carbonaceous denudation plateau snahHow valleys predominated by
Middle Pleistocene Dainava undulating and slightlly watershed.

The Sventoji Slope (VIII) — sandy, clayey, somewhere carbonaceous, erosional-
exarational slope declining in SW direction, witkegh valleys and prevailing Middle
Pleistocene Dainava undulating and slightly hitgrraced watershed disintegrated by
palaeovalleys of cuesta type.

The South Lithuanian Plain (IX) — sandy, clayey and carbonaceous, erosional-
exarational plain with deep valleys and prevailMigldle Pleistocene Zemaitija (in the
western part) and Dainava (in the eastern partulatidg and slightly hilly, terraced
watershed in the eastern part disintegrated byepalaisions of cuesta type.

Analysis of the filling material of palaeoincis®im the Lithuanian sub-Quaternary

surface allowed making generalised circular diagrafrdominant sections for most of
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Fig. 4. Palaeogeomorphological regionalization schenigatbtianian sub-Quaternary
surface (Baltiinas, Pukely, 1998)

Palaeogeomorphological regions of Lithuania (inslicghow the age of palaeo-
watersheds): | — Coastal Depression; Il — the Grghtianian Lowland; Il — the Middle
Zematiai Slope; IV — the North Zemé&ai Plateau; V — the Middle Lithuanian Plain; VI
— the North Aukstaiai Upland; VII — the East Aukstgiai Plateau; VIII — the Sventoji
Slope; IX — the South Lithuanian Plain

palaeogeomorphological regions (Fig. 5). Some regigtand out for — uniform specific
glacial, aqueoglacial and of other origin fillingatarial of palaeoincisions. The filling
materials of palaeoincisions in the northern (llaag southern (Il b) parts of the Great
Lithuanian Lowland are different. The informatiohthis kind generalises the genetic,
lithological and stratigraphic diversity of fillinghaterial of palaeoincisions and shows
different palaeogeographical evolution of palaeogeghological regions and some
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Fig. 5. Generalised circular diagrams of dominant fillmgterial in palaeoincisions of
palaeogeomorphological regions

[l aand Il b — the Great Lithuanian Lowland; VIHthe East Aukstaiai Plateau; VIII —
the Sventoji Slope; IX — the South Lithuanian Pldin- DZikija till; 2 — Dainava till; 3 —
Zeimena tills; 4 — glaciofluvial deposits; 5 — gtalacustrine deposits; 6 — alluvial-limnic
deposits; 7 — outline of circular diagram
palaeoincisions within them (Fig. 5). Comparison tbé given scheme of palaeo-
geographical regions with A. Sliaupa’s scheme eftérraces in the sub-Quaternary rock
surface shows some discrepancy between the boasdari Sliaupa, 1997 a, b). This can
be explained by use of data of different characBame discrepancies are different
character. Some discrepancies are natural andeaxgained by use of morphological
(lithomorphogenetic) criterion for characteristmispalaeorelief sculpture. In the future,
the material about the terraces of palaeorelief dath of consistent analysis of
palaeoincisions will serve as a basis for moreilgetaegionalisation of sub-Quaternary
surface of Lithuania and neighbouring territories.

The conducted palaeogeomorphological regionatisatif sub-Quaternary surface
leads to the followingonclusions

1. The distinguished palaeogeomorphological regjiane of different absolute
altitudes, have terraced structure and differ entédxture, structure and age of deposits.

2. The origin, composition and age of watershedodi#s covering the
palaeogeomorphological regions and the data olutaiakout the scale of some

Quaternary egzogenic (exaration, erosein, processes showed that Middle Pleistocene
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morphosculptural watersheds are dominant.

3. The absolute altitude of palaeoincisions of-Quiaternary surface and the filling
material showed that the hydrographic network wasngly modified by neotectonic,
exaration and erosion processes whereas latdreiihes of Quaternary glaciations and
deglaciations, it was partly regenerated.

4. The congruence of some boundaries of palaeoggimlogical regions with
geological and tectonic structures shows the initeeof endogenic factors on the

development of this surface.

3.2. SPECIFIC FEATURES OF QUATERNARY STRATA

The Quaternary strata of South Lithuania is rattarable. In some river valleys
Quaternary deposits are absent altogether or fayers hardly 10—-15 m in thickness (at
Alytus, down-stream from BirStonas). The thickesia@@rnary rock mass is concentrated
in the palaeoincisions of sub-Quaternary surfaceinothe present uplands, in the
congruent areas in particular (b. 305 (Prielauksy75 (Vaikantonys); b. 568 (Konior
nai)). The parameters of Quaternary strata (thisgnstratification) not always imply
direct links with the deep structures.

In the small-scale maps of Quaternary surface,pdech by interpolation method,
the properties of Quaternary surface are genedali8ecording to these maps, South
Lithuania is predominated by Quaternary rock m&s<280 m or, most commonly, 100—
160 m in thickness (Aleksa, 2007). Only in the eons of ViStytis Lake and Véana
Town, in the Dakai and Medininkai Uplands and in some other |l@ahs, the thickness
of Quaternary strata exceeds 200 m. The Lithua@aological Survey has evaluated the
volume of Quaternary deposits and compiled theridigion maps of percentages of
glacial and glaciofluvial deposits (Putys kt., 2010). In these maps, the boundary
between the morainic hills of Dkai Upland and glaciolacustrine Middle Nemunas
Plateau is especially vividly displayed. Meanwhtlee South-East Lithuanian region of
defined.

For evaluation of the influence of Pleistocenetatian South Lithuanian geomor-

phological regions, two well identified marker padgurfaces were analysed (Sauksir
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kt., 2007). One of them is the surface of the top (raéfMiddle Pleistocene Dainava
formation (till) which served as a geological foatidn for the longest Bémai
(Holsteiniar) interglacial landscape. The other is the surfatethe top of Middle
Pleistocene Medininkai sub-formation (till) of Zesma formation which served as a
geological foundation for the Merlkin([Eemiar) interglacial landscape. At present, the
Medininkai till represents the surfaces of Medi@nKASmena) Upland and EiS&k
(Lyda) Plateau.

The complex ofDainava formation is composed of tills of Dainava glaciation.
Their texture and composition imply advances ofeast two glacial stages (Baitras,
1995; Satknas ir kt., 2007). The macroscopically homogeneous Dainava &fe
characterised by a rhythmic multilayer structurdcokhs vividly exhibited by borehole
logging data and granulometric analysis. The rhythaiternation of layers is partly
proved by the changes of relative entropy of gease composition of vertical section.
The relative entropy indicating the degree of sgrtof material served as a basis for
distinguishing four rather homogeneous zones in vbsical till section. An abrupt
increase of the relative entropy value shows tlggnioéeng of the new sedimentation cycle
(glaciation). Even distant zones are in good cati@h with each other (Baitnaset al,
2008).

Generalised data of 256 geological mapping boeshaohrough the Quaternary
strata and hypsometric models made uSagerprogram show that the absolute altitude
of the watersheds of the top palaeosurface of Dairf@rmation (till) consistently
decrease from east to west: in the Medininkai Ughlaiom +123 + +100 m above sea
level and in the Prienai-MarijampgeKybartai sector (in the north-western edge of the
region) from —20 + —40 m to —136 m below sea leVéke greatest relative decrease of
the altitude amounts to 260 m or, apart of manynalous palaeoincisions (palaeo-
depressions), to about 100-160 m (Fig. 6 a, b). Véeations of the altitudes of
palaeosurfaces determined in the Druskininkai,tBnds, Va¢na-Daugai and Elekinai-
Vilnius areas allow assuming that similar si-tuatie characteristic of the whole South
Lithuania. Interpolation of palaeosurfaces yieldade, closed negative forms of relief
which in the glacigenic accumulative-erosional aoef should be different, i. e. they

should comprise complex valley systems.
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The complex oZeimena formation is composed of Zemaitija and Medininkai sub-
formations tills. Their structure and compositidsoamply advances of two glaciers. The
tills of these sub-formations are homogeneous aackoscopically almost identical. The
Medininkai till contains more dolomite and is lessh in Mesozoic clastic material
(Baltranas, 1995 aiiranac, 1979).

The top of the Medininkai till is well-identifiedshen covered by the interglacial
weathering crust, described in the outcrops of Middemunas and its tributaries, and in
some boreholes. Problems of identification occuemveandy loam of the last glaciation
(Nemunas) directly overlies the brown dolomite-lig@amMedininkai loam. This may be
interpreted as manifestation of the multilayereddtire of Medininkai till complex. In
this case, identification of palaeosurface is fatgd by analytical investigations and
comparison of grain size compaosition entropy véore.

The top of Medininkai till (sub-formation) is ovb types: buried under the deposits
of the last glaciation and exposed in the surfadc&ledininkai (ASmena) Upland and

The borehole data show that the absolute altitoldehe top palaeosurface of
Zeimena formation (Medininkai till) decreases fraast to west. In the Medininkai
(ASmena) Upland, it varies from +290 + +260 m abeea level in hill tops to +220 +
+180 m in troughs and in the western edge decrdase30 + —10 m below sea level
(Fig. 7 a, b). In palaeoincisions (palaeodepresgjahe top of this till goes down to —66
+-53 m below sea level. The maximal relative lamgramounts to 300-350 m whereas
the dominant lowering reaches 160-180 m.

Elimination of the values for Medininkai (ASmena)pland and EiSiss (Lyda)
Plateau shows that in the remaining part of Soduitiuania the variations of the absolute
and relative altitudes are considerably less causpis: from +120 m to 0 m (dominant O
+ +30 m) in the western part and +50 + +100 m meéhstern part. The local elevation of
the top of Medininkai till at Vistytis-Graziskiai flland (up to +80 m) stands out as also
the elevation at the northern part ofdRai Upland (up to +80 + +100 m) which in the
south-eastern direction is gradually elevating @ap-130 + +160 m before the EiSésk
(Lyda) Plateau (Fig. 7 a, b).
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Investigation of the Pleistocene palaeosurfacassléathe followingconclusions

1. Two palaeosurfaces are most reliably identifrethe South Lithuanian Pleisto-
cene surface: top of Dainava formation (till) ang bf Zeimena formation (Medininkai
till) which served as the geological foundation iimterglacial Bu¢nai (Holsteiniar) and
Merkiné (Eemiar) landscapes.

2. The top of Dainava formation (till) is characted by a marked downward
inclination in the western direction and frequemd amarked variations of relative
altitudes what implies that the sub-Quaternaryasigrfhad a strongly broken pattern.

3. The top of the thick Zeimena formation is sdirgj in the western direction. Yet
the variations of the relative altitudes are lesaspicuous, in the territory of the last
glaciation in particular. This once strongly brokpalaeosurface has been smoothed

considerably. The rock mass of this formation hmeathed the underlying palaeosurface.

3.3. SPECIFIC FEATURES OF SOUTH LITHUANIAN SURFACE

In its origin and composition, the South Lithuaniaurface is rather variable
because it is related with geomorphological andaggcal processes taking place during
glacials, interglacials and post-glacial (Svedakt., 2004; Baltinasir kt., 2007). The
different composition, texture and distribution déposits covering the territory are
responsible for different groundwater levels, watietd of small streams, types of forest
fauna and flora, and occurrence of some valuabterais (flintstone, chalk, clay, boul-
ders) in its various parts. The oldest depositevedfected by subsequent post-sedimen-
tation processes: cryogenesis, solifluction, théwnst, erosion, deflation, boggingtc.
The result of all these processes is recordedenctimpiled Quaternary geological and
geomorphological maps (Guokyir kt., 1998, 2008 and others). They vividly demons-
trate vast areas of South Lithuania occupied byosiep generated by one of these
processes. They araa@hinkai, Vagna, Marcinkonys and Ratéia-Randamonys massifs
of aeolian deposits stretching in the South-Eas{®ainava) sandy Plain wedging
between the morainic hill terrains of different d8asalykas, 1965) (Fig. 8.)

The morphological and morphographic correlatioralgsis of this stretch of
continental dunes (the chosen 966 dunes) showee slstinct correlation linksGL).

The positive stron@L between the relative coordinates of dunes showsistent dune
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formation and advance from south-west to north-eets¢ absolute altitudes of the tops
and bottoms of the dunes also are in strong caiwalavith their coordinates. This proves
the known regional pattern — elevation of the altgodltitude of aeolian deposits in NE
direction. TheCL also is positive between the relative altitudeslofhes and the length

and branchedness of the crests. A negative caarlibk was determined between the
azimuth of vertical dune crest direction and theaddlte altitudes and coordinates of
dunes. This implies the variation of some azimu#iues (reflecting the dominant

direction of generating winds): from frequent seattstern to frequent north-eastern in
different sectors of the dune stretch (Baltiset al.,1998; Baltfinas, Pukely, 2001).

ariie

Dune massif according to e
;N \

A. Basalykas (Basalykas, 1965): g i
I - Rudninkai; T ‘
P

Il - Varéna;
II1 - Marcinkonys;
IV - Ratny¢ia-Randamonys

@l Dune area

Dune areas:

I - Radninkai,

I1 - Bar¢iai,

III - Varéna,

IV - Palkabalis,

V - Lynezeris,

V1 - Marcinkonys,
VII - Musteika,
VIII - Katra,

IX - Randamonys,
X - Dubas,

XI - Latezeris

0 4 km
[

Fig. 8. Aeolian stretch of South Lithuania, its massifd aeference areas

The positiveCL between the relative altitudes of dunes and desgjth shows
intensive aeolian processes. The long-lasting aeglrocesses were identified based on

positive correlation links between branching of eésiand their coordinates. TG& of
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lee-ward azimuth of dune crest with branching ofiek) more seldom with the altitudes
of dune top (Palkabalis area) and bottom (Randamarga), is weak but positive
(Radninkai, Palkabalis, Marcinkonys, Musteika areas).

Based on the differences GL matrixes, a few groups of aeolian areas in some way
related with time can be distinguished. The re#jivshort-lasting aeolian processes
generated Rininkai, Batiai, Palkabalis, Lynezeris and Randamonys areas.|diger-
lasting aeolian processes generatedéNar Marcinkonys, Katra and Dubas areas. The
longest-lasting aeolian processes generated Masteiéd Latezeris areas. ThadRinkai,
Bartiai, Varéna, Dubas, and Katra areas were fist to generdiey Were followed by
Palkabalis, LyneZeris, and Randamonys areas anthtilee by Marcinkonys, Musteika
and Latezeris aeolian areas. This complicated aedan in terms of time development
of aeolian stretch took place almost throughoutpibst-glacial period intensifying during
the drier time spans in the Older, Middle and Yam®ryas, preBoreal and Boreal
(Baltranaset al.,1998; Baltfinas, Pukely, 2001).

In the studied South Lithuanian territory and ie thescribed stretch of continental
dunes, areas with specific geological and geomdogincal features and genetically and
morphologically comparable lithological and geontarjogical complexes (lithomorpho-
genetic micro-regions) were distinguished. The stigation of lithomorphogenetic
structure of South Lithuanian geomorphological oegi was aimed at revealing the
heterogeneity of geomorphological regions and #irat grounding of their
identification.

The investigation carried out within the preseissdrtation was based on detailed
analysis of cartographic material, borehole dath @alaeogeography of the territory. In
the individual lithomorphogenetic map of South ui#mia, 69 lithomorphogentic micro-
regions were distinguished which structurally gbihe boundaries of six geomorpho-
logical regions. Comparison of this map with earieaps compiled in Lithuania showed
that most of the authors distinguished in Southhuania similar geomorphological
regions (Basalykas, 1965; Lietuvos..., 1981; Guébiavaliauskas, 2007 and other). At
the level of micro-regions, the differences are enconspicuous due to ill-definition and
ambiguity of taxonomic units and due to applicatdifferent criteria.

Geomorphological region of Medininkai (ASmena) Uplad. The relief of this

region was generated at the junction area of pematé ASmena and South Lithuanian
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glacier lobes. In the interglacial and Early andltde Nemunas, the relief was reworked
by intensive erosion and periglacial processes @ad1964; Svedaskt., 2004). Under
the periglacial conditions, the upland was affedbydsolifluction, periglacial erosion,
physical weathering and other processes which eounspsly transformed its surface.
Eight micro-regions were distinguished in this oeg(Fig. 9).

The upland abounds in large hills with gentle egkpridges, many ravines and
boggy valleys (Sumskas, Piktakonys-AkmegyNedininkai, Grigatiai micro-regions).
The Paneriai erosional hill terrain situated in tloethern part of the region is somewhat
different. It is predominated by steep-sloped hdled very dense network of ravines,
gullies and small valleys between them. The BlEamPlateau bordering on its southern
edge also is marked by specific features. It isipn@nated by high waves and shallow
boggy valleys. Similar relief is characteristic thfe central part of the region near
Turgeliai and of the Paskonys-Girdaai micro-region in the south-eastern part of the
region. The Medininkai Upland has no big river ggi. Merkys is its largest river.

The Rukainiai and Kalveliai environs situatedreg NE edge of the studied area for
a long time has been regarded as parts of Medinitk@and. More thorough
investigations revealed that they belong to thengephological complex of the last
glaciation extending beyond the limits of the saadarea.
eastern edge of the territory. It was generatedyllagiers of the last glaciation and
transformed by processes taking place later. Thiaci of the region is smoothed. The
present surface of EiSi&k (Lyda) Plateau is rather homogeneous. Only thiteemor-
phogenetic micro-regions were distinguished in tieigion. They are characterised by
large bouldered waves and wide valleys with geslipes. The surface is dissected by
many ravines opening into the valleys @&hkai-Jasiinai micro-region). The relief in
the central and south-western parts of the regsogounger, formed by glaciofluvial
flows during the last glaciation. It is predomirchtey small hills with gentle slopes, small
waves separated by ravines, small valleys and dlakpression (northern parts of
and Naia — are boggy, the flood plains are turfy. Flowalgng the edges of the plateau,
marked by younger relief, the rivers cut deeplyoitbhe ground forming sectors of

terraced valleys (Fig. 9).
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Conventional signs of the map of lithomorphogeneticro-regions of South Lithuania
(Fig. 9):

| — Medininkai (ASmena) Upland: 1 — Paneriai;2 — Nengzis; 3 — Grigatiai; 4 —
Sumskas5 — Piktakonys-Akmeny¥ 6 — Medininkai; 7 — PasSkonys-Girdénai; 8 —
Dievenisks; Il — EidiSkeés (Lyda) Plateau:9 — Satininkai-Jasiinai; 10 — Eiidks; 11 —
Kalesninkai;lll — Pietry ¢iai (South-Eastern) or Dainava Plain 12 — RudisSkés-Senieji
Trakai; 13 — Paluknis-Lieponiai;14 — Pagiriai-Liudvinavas;15 — JuodsSiliai; 16 —
Valkininkai; 17 — Zigmontisks; 18 — Visircia; 19 — Varna-Perloja20 — Zervynos21 —
Dubiciai-Rudnia; 22 — Musteika€epkeliai; 23 — Marcinkonys-Kabeliai; 24 —
Randamonys-Jaskony25 — Ratnygia; 26 — Druskininkai-Merkig (Nemunas valley);
27 — Vilkiautinis-LiSkiava;28 — Leipalingis-Kapiamiestis;29 — Didziasalis]V — Piety
Lietuvos (South Lithuania) Upland: IV a — Dzikai Upland (sub-region) 30 —
Kruonis-Uzuguostis31 — Semelisks-Dainiai; 32 — Juodeliai-Le&iiai; 33 — AukStadvaris-
Beizoniai; 34 — Trakai-Bagdanonys35 — VilkokSnis-TolkiSkiai; 36 — Alaburdiskiai-
Pivasiinai; 37 — Onugkis-DusmenyS88 — Zilinai; 39 — Domantonys-Gealaukis; 40 —
Daugai; 41 — Savilonys-llgininkai;42 — Tolkanai; 43 — Punia-Nemunaitis (Nemunas
valley); IV b — Saduvos Upland (sub-region): 44 — Radziinai; 45 — Miroslavas-
JavaiSonys46 — Bagiai; 47 — Slavantas-Seirijai48 — Verstaminai;49 — Sangida-
Rudamina; 50 — Trakénai-Salaparaugis; 51 — Liubavas-Kalvarija; 52 — t¥is-
Graziskiai; 53 — Pagramdai-Sestoka§4 — Meteliai; V — Nemuno vidurupio (the
Middle Nemunas) Plateau 55 — Sasnava6 — Stuomenysb7 — Padoviniai-Ingavangis;
58 — Prienai59 — Malinava;60 — BirStonas-Dafmiskis (Nemunas valley§1 — Viltanai-
Jieznasp2 — Veézionys-StaklisSks; 63 — Verkres valley; 64 — BalbieriSkis-Simnashs —
Dauksiai; VI — Nemuno zemupio (the Lower Nemunas) Plain66 — Kybartai; 67 —
Virbalis-Keturvalakis;68 — Vilkaviskis; 69 — Seéufs valley. 1 — upland; 2 — lift and crest;
3 — plateau; 4 downhill; 5 — plain; 6 — valley; 7 — hilly erosion@elief; relief: 8 — hilly;

9 — middle hilly; 10 — low hilly; 11 — undulatindg;2 — erosion; 13 — abrasiohd —
boundary and number of geomorphological region;-1®oundary and number of
lithomorphogenetical micro-region.

Geomorphological region of South-Eastern (DainavapPlain. It surrounds the
described sector of old relief in the west. Thaargncludes the plains of Vék Merkys
and Katra valleys formed by the glaciers and glamelt water of the last glaciation.
Eighteen lithomorphogenetic micro-regions wereigggtished in the South-East Plain.
They are composed of different age glacigenic acdmulative deposits (Fig. 9).

In the western part of the region, a wavy ridgeddsa with many soggy valleys,
ravines and depressions has developed in the drbdlyorelief. Bouldery hills with
slacks at their sides are scattered in the samialuknys-Lieponiai and RliSkés-Senieji
Trakai micro-regions). Southward, the sandur gatsel and narrower. It is predominated
by hillocks and small bouldery hills separated ayimes and small valleys. On the other

bank of Nemunas River, the sandur is more complssected by a multitude of furrows
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with Veisiejas, Aviris, llgis, Atiia, Vilkinis and other lakes (Leipalingis-K&pmiestis
micro-region). In some places, the sandur abrugtlyradually merges into the old valley
with smooth surface, somewhere hillocky or wavythie northern part of the region, it is
strongly bogged (Pagiriai-Liudvinavas and Valkiranknicro-regions) whereas south of
Varéné River it has a more complicated structure. Thisaaincludes a sector of
continuous stretch of continental dunes dissectedmassifs by river valleys. The region
is characterised by a wavy, hillocky surface abaumdn valleys, ravines, slacks, and
glaciokarst depressions. At present, these depressire occupied by Has, Gébas
and Lavysas lakes (Vara-Perloja, Dulgiai-Rudnia, Zervynos and Rat¥ig micro-
regions). The oldest glaciolacustrine plain hasnaah surface somewhere interspersed
with solitary waves, ravines, small valleys, aratkk (Visir€ia micro-region).

Geomorphological region of South Lithuanian Upland It is situated in the
central (Dzkai Upland) and south-westerni(fiva Upland) parts of the studied territory
(Fig. 9). The Dmkai and Sduva (sub-regions) uplands are divided by the Nexsun
River. This sector has been generated by glaciet&® stages of the last glaciation —
Ziogeliai phase of Gida stage and Baltija stage.

At present, the South Lithuanian region is predw@mtad by hilly relief. Yet both
Dzukai and $duva uplands have lower and higher sectors. Thkeai end AukStadvaris
uplands represent the higher part Dzikai Upland (sub-region). Its surface is
characterised by morainic forms separated by déspogarst laky depressions, furrows
and bogged slacks (AukStadvaris-Beizionys and T+BkRgdanionys micro-regions). The
lower south-western part of Dizai Upland is characterised by large flat hillspsavhere
small flat hills, ridges, wide troughs between adagnd furrow slaks, and valleys, which
often are bogged and laky (Daugai-Domantonysi@&ukis and Savilionys-llgininkai
micro-regions). It also has big glacier depressiwite dominant flat slightly undulating
surface interspersed with valleys and lakes, inymaaces bogged (Onuskis-Dusmenos
micro-region).

The northern part and the southern edgeSidiuva Upland are predominated by
flat slightly undulating surface interspersed byishiridges and valleys (Liubavas-
Kalvarijos, Slavantas-Seirijas and B@nai micro-regions). The depressions often are
occupied by lakes or bogged. The Vistytis-GraziSiigland represents the upper part of

Sudiva Upland. It has a hilly relief predominated byltery ridges and kame flat waves
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intersected by often bogged depressions and raviWesytis-Graziskiai, Trak&nai-
Salaparaugis and Samga-Rudamina micro-regions). The wide and deep trdaggween
ridges is occupied by a big Vistytis Lake. The rataof rivers is sparse (Se&yp/arene,
Verkre, and Kirsna) whereas lakes are present in abued@ui\é, Slavantas, Didziulis,
Daugai, Neding, llgis, Seirijas, Galstas, Vystytis and other.

The Siduva Upland sub-region includes Meteliai and PagirSestokai
lithomorphogenetic micro-regions which earlier wat&ibuted to the region of Middle
Nemunas Plateau.

Geomorphological region of Middle Nemunas Plateaut is wedged between the
Baltija Uplands and Middle Lithuanian Plain. Thefaage of this region was formed by
the Middle Nemunas and Baltija glacier tongues he#f tast glaciation which pushed
together the South Lithuanian Upland (Basalykasg5)9Eleven lithomorphogenetic
micro-regions were distinguished in this regiong(F). In the present surface of the
region, five relief sectors can be traced whickrakte moving from NW to SE. The first
sector of marginal moraines — Veiveriai ridge —eexits along the edge of the region. Its
south-western part separates the Marijas@old Zuvintas depressions. The dominant
landforms are waves, small hills, valleys, and tiatlies covered by glaciolacustrine
deposits (Sasnava micro-region). The second sestoepresented by continuous flat
somewhere wavy plains formed in the lower depreskaft by glacier lobe. The plains
are intersected by a dense network of bogged dliannels (Stuomenai micro-region).
The hilly sector of marginal moraines covered bgcgilacustrine deposits in the central
part of the region has a more complex relief. Ipiedominated by big hills, somewhere
interspersed by flat bouldery waves, ridges, lakg Boggy gullies and slacks (Padovi-
niai-Ingavangis and DaukSiai micro-regions), Theief sector is only partly smoothed
whereas the higher sector of depression is preddednby an almost smooth surface
covered by glaciolacustrine deposits and intergaels/ solitary waves, gullies, glacio-
lacustrine slacks, furrows and troughs occupiethkgs and bogs. Nemunas, PeéSaid
Verkr¢é rivers flow across this relief (Prienai and Baiisikis-Simnas micro-regions).
The surface of the right bank of Nemunas is wawy somewhere even with flat hills
rather than smooth @Zionys-StakliSks and Viliinai-Jieznas micro-regions). The fifth
sector of relief is represented by glacier plainh Wwbe depressions divided by recessive

marginal formations. It is predominated by flatiplavith solitary waves and hills with
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gentle slopes. The surface is intersected by bogiyed valleys, gullies and ravines
(Verkné micro-region). The Middle Nemunas Plateau aboundgery unevenly distri-
buted river valleys and bogs. The southern parthefregion — Uznemuin— abounds
lakes.

Geomorphological region of Lower Nemunas Plainlt represents the southern
part of Middle Lithuanian Lowland. Only its smalbwghern sector is included in the
studied territory occupying its north-western p&dur lithomorphogenetic micro-regions
were distinguished (Fig. 9).

The relief of this region was formed by the Lowdemunas glacier lobe of the
Baltic stage of the last glaciation which was spiib two tongues covering the entire
region. The glacial depressions have low smootliaser Only in the southern edge
(northern slopes of Sada Upland), the forms of relief are higher, predoated by
waves, somewhere hills and slacks (Virbalis-Ketlkiaa micro-region). In this region,
the glacial relief has been most strongly transemry a huge periglacial lake generated
by dammed glacier melt water. It deposited thicketa of glaciolacustrine sediments.
Thus the greater part of the region is comprisedsrabothed glaciolacustrine plains
interspersed by solitary waves and very shallowllsfi@od plain valleys (Kybartai
micro-region). Only in the Gizai-Mrijampélsector, the surface is slightly elevated, with
bigger solitary waves or even hills and slacks f{seun part of Vilkaviskis micro-region
and Virbalis-Keturvalkis micro-region).

The results obtained during the investigation afapogeographical evolution,
correlation analysis of continental dunes and aislgf the lithomorphogenetic structure
of geomorphological regions allow the followiggneralisations

1. The traces of palaeogeographical events iMidininkai (ASmena) Upland and
fixed in the surface deposits and relief morpholedych imply long-lasting periglacial
processes.

2. The glacigenic forms of Nemunas glaciation Zi@gehase of Gida stage are
best preserved in the left bank of Merkys. Theyemeordered on by the later Baltija
stage glacier. South of these forms, there alreadsted glacier melt water drainage zone.

3. The specific character of Baltija stage degl#on was predetermined by a wide

(30—40 km) dead ice elevation and glaciolacust8menas-BalbierisSkis-Staklisk basin
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which was dammed between it and the younger Soititludnian glacier. The southward
water flow from this basin sculptured a large drthe present Middle Nemunas channel.
The subsequent subsidence of this basin and gdasiaitic lifting of the southern edge of
the territory turned the water flow to the northes it dammed at the edge of Middle
Lithuanian glacier not far from Kaunas.

4. In the Late Nemunas, the middle part of thattey extending from south-west
to north-east was subjected to intensive interatadibsion and accumulation whereas at
the end of the Late Glacial it was affected by reng glaciofluvial erosion and
accumulation. These processes generated the sztmd terraces above the Middle
Nemunas and Lower Merkys floodplains.

5. The Early Holocene time was marked by glaciskand aeolian processes which
were the last to intensively transform the relief.boreal, the glaciokarst and furrow
regeneration phenomena, which affected almost exletic types, renewed and, even-
tually, came to an end in the whole zone of thed&iation.

6. The South Lithuanian aeolian forms have dewadap the South-East (Dainava)
Plain. Their massifs and occupied areas show Iggesous character of the genesis,
composition and geological structure of the pldihe aeolian areas are of different age
and were generated by reworking of glaciolacustane glaciofluvial sands by winds of
different directions.

7. Geomorphological regions are represented lgelgeomorphological complexes
formed by one or a few dominant geological-geomolpdical processes and charac-
terised by specific palaeogeographical evolutiaye and post-genetic transformation.
These geomorphological complexes are of diffenémbinorphogentic structure.

8. The lithomorphogenetic structure of geomorpbiial regions and lithological,
morphological and genetic diversity of their pavere predetermined by changing
glacial and post-glacial sedimentary environment.

9. Analysis of lithomorphogenetic structure cdmited to clearer identification of

some localities as belonging to various geomorgdio&l regions.
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3.4. LINKS BETWEN GEOLOGICAL STRUCTURES AND
GEOMORPHOLOGICAL REGIONS

As the main goal of the present dissertation vwasldtermine the influence of
geological structure on the evolution of geomorphadal regions, the evolution is
understood as the evolution of the influence oflggoal structures on the genesis of
geomorphological regions through intermediate $tmaés (palaeosurfaces). This
interpretation of evolution is an attempt to evéuthe influence of deep geological
structures on geomorphological regions and to tkemk the changes of their inherited
palaeocontours from the geophysical anomalies tirothe sub-Quaternary and
Pleistocene palaeosurfaces to recent surface.

The influence of geophysical anomalies (gravitesloand magnetic fields) and
tectonic movements, in the neotectonic stage itiqudar, on the evolution of geomor-
morphological regions was analysed by comparisaradbgraphic data.

Comparison of the distribution of South Lithuanigaomorphological regions in
terms of tectonic structure of this part of Lithiashows that the Medininkai (ASmena)
Upland and EiSidks (Lyda) Plateau are situated in the kf&éen-Belorussian anteclise,
I. e. at the elevated tectonic structure whichpec#ically split by NE and WNW faults
(Lietuvos..., 2003). In the southern part of SoutlstEmn (Dainava) Plain the anteclise is
clearly elevated and in the north it is borderedh®yregional Lazdijai-MerkiPandiali
fault. This part of the South-Eastern Plain (gegrhotogical region Ill) is distinguished
for abundance of glaciofluvial and aeolian deposlise western part of the Middle
Nemunas Plateau geomorphological region (V), thehswn part of the Lower Nemunas
Plain gomorphological region (IV) and the westeant pf the Sduva Upland sub-region
(IV b) belong to the shallow part of the Baltijamsclise (Polish-Lithuanian Basin).

Comparison of gravitational Bouguer anomalies i contours of South Lithua-
nian geomorphological regions shows obvious linksMeen the positive anomalies of
Table 2).

Partial congruity also exists with South-East (as) Plain, its eastern edge in
particular, and Dakai Upland. The negative gravitational anomaly lestw Dusia and

Zuvintas lakes coincides with the northern edg8aofuva Upland.
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Fig. 10. Map of South Lithuanian gravitational Bouguer axadies
(Korobliova, Popov, 1997).

Red lines mark the present geomorphological ragiordMedininkai (ASmena) Upland;
Il — EiSiSkes (Lyda) Plateau; Ill — South-East (Dainava) Pldw;— South Lithuanian
Upland: IV a — Dakai Upland; IV b — Siduva Upland; V — Middle Nemunas Plateau;
VI — Lower Nemunas Plain

Comparison of the map of magnetic anomalies wighdistribution of geomorpho-
logical regions shows similar links with the sowathstern part of the studied territory,
where the Medininkai (ASmena) Upland and Ei&&Si_yda) Plateau absolutely coincides
with N-NE oriented alternating anomalies of magnéegld (Fig. 11).
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Fig. 11 Map of South Lithuanian magnetic anomalies (Ktéosda, Popov, 1997).
For explanation of the indices of regions see HY.
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Similar congruence exists between the more intenSRNE belt of magnetic field
and South-East (Dainava) Plain. In the remaining pathe region, the magnetic field
bears a mosaic character and includes smaller dissmehich can be collated only with
the South Lithuanian lithomorphogenetic micro-regio The western part ofa@uva
Upland (Vistytis-Grazisés hill terrain), with a rather intensive positiveagmetic
anomaly, makes an exception.

The Lithuanian Geological Survey has investigatexidependence of gravitational
field on recent relief for possibility to predidie intensity of recent surface geological
processes. A map of potential energy of relieftiiar territory of Lithuania was compiled
based on V. Filosov’s method (Korobliova, S. Sliaug006 b). The greater are the
altitude and gravitational force of relief the ge¥as the potential energy. The map of the
potential energy of relief displays the interactimiween the surface and deep processes:
the most intensive surface processes are prediotéde south-western, northern and
eastern parts of Lithuania (Korobliova, S. Sliaug@06 a). It is assumed that this
principle also applies to South Lithuanian Pleistoe surfaces. Elevated potential energy
is well-defined in the Medininkai (ASmena) and Bua uplands. It is slightly lower in
the DzZikai Upland. The elevations of the surface in thetreé parts of Zeimena
formation (Medininkai till) show the elevated potiah energy of relief which was
inherited from the last glaciation.

Comparison of South-Lithuanian neotectonic map dtedpon the basis of sub-
Quaternary surface structures, with the boundasfegeomorphological regions shows
that the Middle Nemunas Plateau in its main pamades with the Kaunas structural
terrace (A. Sliaupa, 2004 a, b) (Figs 2 and 9). Vifisius structural terrace and the South
Lithuanian swellalso comprise the foundation of Medininkai (ASmemland and,

Comparison of the Lithuanian map of neotectonicaltyive linear zones (NAZ)
with the boundaries of geomorphological regionswshthat among the abundant zones
there are many which coincide with the eastern tatias of South-East Plain and south-
eastern boundaries of Middle Nemunas Plateau (AuS4, 2004 a). Part of the South-
East Lithuanian axis (old Nemunas channel) coirecidigh neotectonically active linear

zone extending in SW-NE directions.
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The influence of the tectonic structure and neotgc activity on the lithomorpho-
genetic structure of geomorphological regions éadl reflected by aeolian forms on the
crystalline basement in the South Lithuanian fadez Their spread coincides with the
northern slope of Mawrian-Belarusian anteclise which is characterisedabyarkedly
stronger inclination of the crystalline basemetg.northern boundary extends along the
Merkys fault zone which marks the northern bounddr§outh Lithuanian aeolian forms
(S. Sliaupa, 1997).

The structural dependence of the spread of aedtiams becomes obvious by
comparison of the area occupied and structuraduesianomalies of the surface of
crystalline basement. When the surface angle geJdocal structures are “disguised” on
the general background of subsidence. This is #s® ¢n South Lithuania where the

angle of the crystalline basement is large (Fig. 12
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S. Sliaupa’s scheme of structural residual anomatie the first order in the

crystalline basement displays a large zone of @@ east of Merkys with the largest
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Griatas saddle and Marcinkonys and Vilkaviskis residsialictures with positive values
and relative amplitude of 70 m (Balirasir kt., 1998) (Fig. 13). Aeolian forms are spread
in the structural elevation zone with positive vuMeanwhile, aeolian forms almost are
absent in the zones of structural troughs.

The structural composition predetermines the oeqwe of hills in aeolian relief.
Comparison of the relative average altitudes dghil aeolian areas with the residual
altitudes of the surface of crystalline surfacevatd a very high (+0.73) correlation
coefficient, i.e. the higher is the relative stural position of the crystalline basement
(i. e. the higher is its relative altitude) the malissected is the aeolian relief (Battasir
kt., 1998).

In the present dissertation, the structural linkshe South Lithuanian geomorpho-
logical complexes (regions) with the specific featuof sub-Quaternary and Pleistocene
palaeosurfaces were analysed. These links weresteredined by the deep structures
(geophysical fields, geological and tectonic suues, faults and their zones), recurrent
glacial exaration and accumulation processes duheduaternary, and intensive fluvial
erosion and sedimentation. The latter processe&l duave been conditioned by the
features of geological foundation, especially wiggaciers split into flows, lobes and
tongues, thick ice cover fissured, glaciofluviatesins washed out foundation rocks
composed of looser depositic Palaeogeographical regionalisation of sub-Quatgrn
surface allows stating that the configuration of gandy and clayey East Aukstai
Plateau with shallow valleys (palaeogeomorpholdgiegion VII) and dominant wavy
watersheds of Dainava glaciation coincides with Hwface Medininkai (ASmena)
Upland and NE part of EiSi8& (Lyda) Plateau (Pukebt2009) (Fig. 14).

Meanwhile, the sandy, clayey and carbonaceous @tiondSventoji Slope (palaeo-
geomorphological region VIII) with shallow valleysssentially coincides with the
northern part of South-East (Dainava) Plain. Thelsern part of the plain together with
the South Lithuanian Upland and southern part efNhddle Nemunas Plateau extends
above the widespread sandy and clayey erosiona&txaal South Lihuanian Plain with
deep valleys and in clined south-westward (pala@ogephological region 1X). North of
this palaeosurface, stretches the Great Lithuahawland (palaeogeomorphological

region Il) with the recent Middle Nemunas Platebo\e it.
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Fig. 14 Comparison of lithogenetic regionalisation oferetcSouth Lithuanian
surface with palaeogeomorphological regionalisatibsub-Quaternary surface

White lines and indices: Il (Il a, 1lb) — Great hitanian Lowland, VIl b — East
Aukstatiai Plateau, VIII — Sventoji Slope, IX — South Lugmnian Plain (see Fig. 4, 9)

The top of Dainava formation (till) is strongly imeed E-W and is marked by large
amplitude of relative altitudes which correlatesthwithe boundaries of present
geomorphological regions. This is proved by thduerice of strongly dissected sub-
Quaternary surface on the present surface, iedanttlination in EW direction. The top of
the till complex of this formation is strongly desged: deep palaeoincisions and strongly
elevated watersheds. The surface has been smobthefemaitija and Medininkai
glaciers. The top of Zeimena formation (Medininkdl) is less dissected and the
amplitudes of the relative altitudes in the lasicgation zone are smaller. Larger local
elevations of this surface were found only at th&tyis-GrazisSkiai elevation and in the
northern part of Dakai Upland. In these areas, the Medininkai till gmses part of the
surface of the present elevation, which in the Middemunas Plateau and Uzneraun
Plain dips into lower buried palaeosurface. Thi@asurface in the Middle Nemunas
Plateau is less dissected and gradually elevatg®iBE direction till the EiSigk (Lyda)
Plateau.

For evaluation of the links between palaeosurfaoes present surface, statistical
correlation coefficients of these surfaces wereuwated based on the values of absolute
altitudes determined in boreholes. The obtainedlteshow strong correlations between

the compared surfaces.
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The values of correlation coefficient for 256 barkds (N = 256) are statistically
significant, i. e. higher than or equal with theéaksished critical valuesy, = 0.12 (when
confidencea = 0.05),r,, = 0.16 (whemz = 0.01) andr,, = 0.20 (whenz = 0.001). The
binary correlation coefficients of all investigatpdlaeosurfaces are considerably higher

than the established critical values (Table 2).

Table 2 Comparative correlation coefficients of Southhuiinian palaeosurfaces and
present surface

Surface Surface
of the top of of the top of Sub-Quzflternary

Medininkai till Dainava till suriace
Present

surface 0,591 0,442 0,323
Surface

of the top of 0.485

Medininkai till 0,619 ’

Surface

of the top of 0,751

Dainava till

Thus, this index shows the actual interdependemd@eocompared surfaces. All
correlation coefficients of compared surfaces (daked based on the data of 256
boreholes) are positive and statistically significaThe linear regression graphs of
correlation links between compared surfaces ilatstthat the correlation between two
points of compared surfaces is close to linear(bige 15).

The territorial conformity of South Lithuanian georphological regions, deep
structures and palaeosurfaces was evaluated byarmop of geophysical, tectonic and
hypsometric maps of palaeosurfaces. It was detednithat the South Lithuanian
geomorphological regions can be characterised byobvious territorial conformity2 —
absence of conformityd — partial conformity, when only some parts andrstaries of
compared objects coincide with the deep structanelspalaeosurfaces (Table 3, Fig. 16).

Generalisingthe data given in the present section it can &tedtthat:

1. There exist territorial links of South Lithuanigeomorphological regions with
gravitational and magnetic fields and tectonic aedtectonic structures. The deep geo-
logical structure has a well-defined though varyimituence on the evolution of geomor-

phological regions. This influence on the Medining&mena) Upland and, partly, on
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4

South-East (Dainava) Plain, Middle Nemunas PlatealiLower Nemunas Plain is either

partial or of varying significance.
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Fig. 15 Graph of linear regression of correlation linkgvieeen the
palaeosurfaces and present surface

a — present surface with surface of the top of dherlying Dainava till; b — present
surface with surface of the top of the overlyingditenkai till; ¢ — surface of the top of
the overlying Dainava till with surface of the top the overlying Medininkai till; d —

present surface with the sub-Quaternary surfaceserface of the top of the overlying
Medininkai till with the sub-Quaternary surface: fsurface of the top of the overlying
Dainava till with the sub-Quaternary surface
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2. Though positive, the correlation link of the pressurface with palaeosurfaces
loses significance in deeper layers, i.e. it desweavith every older palaeosurfaces
0.591 — r = 0.442— r = 0.323. Thus, the weakest correlation link ishwihe sub-
Quaternary surface. The same tendency was detatniorethe surface of Zeimena
formation (Medininkai till): the correlation link etreases in deeper layers. The
correlation coefficient of the adjacent surfacesreases with depthr = 0.591 —
r=0.619—-r =0.751.

3. The highest correlation coefficient € 0.751) was determined between the sub-
Quaternary surface and the surface of the topeobtferlying Dainava till. This is related
with the influence of the transforming activity DBiztkija and Dainava glaciers on the
strongly dissected sub-Quaternary surface and oanadlation of glacigenic deposits.
Unfortunately, the uneven density of the used bale=hin the studied territory reduces

the reliability of determining the correlation limkor different geomorphological regions.

Table 3. Territorial conformity of deep structures and galsurfaces with South

Lithuanian geomorphological regions (++ — obvious; partial, -- — absent)
|
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Fig. 16.The 3 D model of compared surfaces was created Ssirferprogram

a — present surface; b — top of the Medininkaj @l top of the Dainava till; d — sub-
Quaternary surface. White lines and indexes: | —diNiakai (ASmena) Upland; Il —
EiSiSkes (Lyda) Plateau; Ill — South-East (Dainava) Pldih— South Lithuanian Plain:
IV a — Dzikai Upland; IV b — Sduva Upland; V — Middle Nemunas Plateau; VI — Lower
Nemunas Plain
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CONCLUSIONS

Evaluation of the influence of geological struetuon the evolution of South

Lithuanian geomorphological regions leads to tHie¥ang conclusions:

1. Analysis of previous geomorphological and palaeog@phological investiga-
tions revealed rich experience of this kind of egsh in Lithuania. Yet maps compiled at
different scales (usually at small scales,) follogvdifferent principles, criteria and goals

and applying different methods, make the obtaimesdlts ambiguous and incompatible.

2. The South Lithuanian palaeogeomorphological regiaf sub-Quaternary
surfaces are characterised by uneven hypsometran(terraced) position and deposits of
different composition and age. The evaluation & genesis, composition and age of
deposits, covering the palaeogeomorphological regicand scale of exaration and
erosion processes, which took place in the sub&oaty, shows that the Middle
Pleistocene Dainava glaciation had a strong inflteelon the morphosculpture of
palaeowatersheds and palaeoincisions and predesdmgeomorphological processes in

the distinguished palaeomorphological regions.

3. Analysis of lithomorphogenetic structure of geoptmilogical regions revealed
their relative heterogeneity. 69 lithomorphogeneticcro-regions were distinguished.
They are marked by specific geomorphological andlaggcal structure and embrace
genetically and morphologically similar lithologlcand geomorphological complexes.
Analysis of palaeogeographical evolution of theritery revealed the stages and
conditions of formation of geomorphological regioasd lithomorphological micro-

regions.
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4. In their spatial distribution (size and orientaji@and dissection (relative altitudes
of dunes and crest length), the South Lithuaniaoiia® stretch and dune massifs are
related with the geological structure of the teryt specific features of tectonic structure
and neotectonic activity, which created favourabtditions for intensive aeolian

processes.

5. The correlation links between the present surtawk palaeosurfaces are positive
and statistically significant. The significance teses with greater depth. The same
trend was determined by comparison of the linksvbenh the palaeosurface of the first
(from top) Medininkai till (Zeimena formation) andeeper palaeosurfaces. It was
established that the correlation coefficient ofaadnt palaeosurfaces decreases from
bottom to top (= 0.751— r = 0.619— r = 0.591) what implies a gradually decreasing
correlation link. The conducted research also albwetermining the common pattern —

geomorphological heredity of Pleistocene palacosed.

6. Analysis of the territorial links of South Lithuam geomorphological regions
with gravitational and magnetic fields, tectoni@areotectonic structures, confirmed the
significant influence of deep geological structore the evolution of geomorphological
regions. The strength of this influence on varigpadaeosurfaces slightly varies: it is
absolutely or partly obvious in the Medininkai (Asna) Upland and partly EiSi&k
(Lyda) Plateau but partial and unevenly significamtthe South Lithuanian Upland,

South-Eastern (Dainava) Plain, Middle Nemunas Rlatend Lower Nemunas Plain.

7. The performed analysis of the territorial links weén South Lithuanian
geomorphological regions confirmed the significantthe evolution of influence of deep
geological structure to geomorphological regionsotdigh sub-Quaternary and main

Pleistocene palaeosurfaces.
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Geologirés strukturos jtaka geomorfologini rajony raidai
(Piety Lietuvos pavyzdziu)
SANTRAUKA

Pastaraisiais deSimtitiais paskelbta daug duomerapie geologiés strukiiros
(geofiziniy anomalijj, tektonires sandaros, paleopavifSnorfologijos ir pan.)itaky pa-
virSiniy reljefo kompleks (aukStung ir lygumy, terasing lygiy ir upiy slkéniy, eoliniy
masyw ir kt.) paplitimui, susidarymoatygomsbei paleogeografinei raidai. diau spe-
cialiai tuo poziiriu tirty objeky Lietuvoje ir tam skinj darby néra daug. Tod iki
pastarojo meto iSlieka problema: kiek gijfika @sninga ir ldinga zemyninj aple-
déjimy teritorijoms, kaip ir kokiais metodais ji galiuth jvertinama, koks geomor-
fologinio paveldimumo paildis ir mastas. Nagréjama problema susijusi su aktugli
klausimy sprendimu kasdiendfe praktikoje.Informacija apie konkr@y geomorfologing
kompleks; sgsajas su geologine strikd padeda aiSkiau suprasty &iompleks atsira-
dimo priezastis, specifigi (smelingy, zvyringy, moreniniy, kakios sudties) nuogul
storymy susidarym, geoekologinesa$ygas. Tokie duomenys labai svasbteritoriy
planavimui, vietow; geoekologini salygy vertinimui, kai kury naudingjy iSkasen,
ypa& pozeminio vandens, iSteklipaplitimo prognozavimui. Pavitgipaleogeografiés
raidos tyrimai svariis paleoekosisteyrbei paleoaplinig raidos atkrimui.

Disertacinio darbo tyrimo objektas stamliis teritoriniai vienetai, pasizymintys
budinga paleogeografine raida, geomorfologine iSeigkreljefo gskaida, vyraujatia
kilme bei amziumi, savita litologine séttimi bei postgenetiniu performavimugsajomis
su geologine strulita. Tai geomorfologiniai rajonai iyjgelmése esatios geologiis
strukfiros (geofiziks anomalijos, tektoniniaiikiai, ikikvarteriniy uolieny pavirSius bei
budingiausi pleistoceno storyas paleopavirSiai). Tyrimui pasirinkta palygindidele
geomorfologing rajony jvairove pasizyminti Piet Lietuva, kurios geologinis bei geo-
morfologinis iStitumas yra bene didziausias, lggih su kitais Lietuvos regionais
(1 pav.).

Sio darbo tikslas 4vertinti geologirs struktiros jtaka pavirdiaus geomorfologini
kompleks; (rajony) raidai Pief Lietuvos pavyzdziu. Tikslui pasiekti, remiantis ko
pleksiny tyrimy metodologija, buvo sprendziami Sie uzdaviniaiiktlinkstesny geo-

morfologiniy tyrimy, geomorfologinio ir paleogeomorfologinio rajonawrdarhy anali-
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ze, sudarytinaup ikikvarteriniy uolien; pavirSiaus paleogeomorfologinio rajonavimo
zentlapj, atlikti pleistoceno storyds pagrinding paleopavirgj analiz, jvertinti dabar-
tinio pavirSiaus geomorfologigirajony litomorfogenetir strukiirg bei paleogeografin
raidg poledynmetyje, taip paivertinti giluminés geologigs struktiros, ikikvartering
uolieny pavirSiaus ir pleistoceno paleopavir&asajas su dabartipi geomorfologing
rajony sklaida.

Kompleksiniy tyrimy metodologija akcentuoja vienalaikilmés, morfologijos ir
litologijos kriterijy taikymg geomorfologing rajony litomorfogenetigs struktiros
nustatymui. Darbe taikytas etalonjrobjeki tyrimo principas leido kai kuriuos geomor-
fologinius ir geologinius procesus detalizuoti @mléZiy uzpildymy, eoliniy masywy
susidarym). Darbe taip pat buvo taikyti ikikvarteriniuolien; pavirSiaus paleogeo-
morfologinio rajonavimo, geomorfologipirajony litomorfogenetigs strukiiros tyrimo,
palearéziy uzpildojvertinimo, morenini nuogul; suckties santykigs entropijos apskai-
¢iavimo metodai, paleopavitgiir dabartinio pavirSiaus statistinio palyginimo r&ba-
cinés analizs metodas, panaudoje®urferir Excelprogramas.

Ankstesni publikuoty tyrimy rezultaty Lietuvoje analiz paro¢ didek geomorfo-
loginiy ir paleogeomorfologini tiriamyjy darky patirg Lietuvoje. T&iau skirtingi geo-
morfologinio ir paleogeomorfologinio rajonavimo siki, principai ir kriterijai éme¢, kad
jvairiais metais sudaryti, dazniausiai smulkaus elastzentlapiai yra sunkiai palygi-
nami ir suderinami.

Atlikti tyrimai parock, kad Piety Lietuvos ikikvarterini uolieny pavirSiaus paleo-
geomorfologiniams rajonamgitinga nevienoda hipsometéindaznai pakopiska, pétis
bei skirtingos sugties ir amziaus paleopavitSisudaratios uolienos. Paleogeomorfo-
loginius rajonus dengi&n; nuoguly kilmés, sudties ir amziaus bei kvartero metu
vykusiy egzaracinj ir eroziny proceg mastojvertinimas rodo, kad viduriniojo pleisto-
ceno Dainavos apléfimas tugjo didek jtaka paleotakoskyy ir palearéziy morfoskulp-
tarai, lemé geomorfologinius procesus atskiruose paleogeorugifmuose rajonuose.

Geomorfologini rajony litomorfogenetigs struktiros tyrimas atskleidjy santykin
nehomogeniskum ISskirti 69 litomorfogenetiniai mikrorajongsasizymi geomorfolo-
giniu ir geologiniusavitumu, jungia genetiskai ir morfologisSkai pamnasitologinius bei

geomorfologinius kompleksus. Teritorijos paleogedigés raidos analiz iSrySkino ski-
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riamy geomorfologing rajony ir litomorfogeneting mikrorajon; susidarymo aplinkybes
ir etapus.

Piety Lietuvos eolinis ruozas ir atskiri kgpmasyvai savo erdvine sklaida (dydziu,
orientacija) bei raizytumu (kepsantykinis aukstis, keteros ilgis) yra seissu regiono
geologires sandaros, tektoria struktiros bei neotektoninio aktyvumo ypagyhis,
kurios nukmé palankias glygas intensyviems eoliniams procesams vykti.

Piety Lietuvos geomorfologiniai rajonai a dalys turi dazag atitikimg su gravita-
ciniu ir magnetiniu lauku, tektonine sandara ir te&tonine strukira, nors ir ne visada
vienody. Medininky (ASmenos) aukStumai, IS dalies ir EiSigKLydos) plynauksStei Si
jtaka visiSkai ar dalinai akivaizdi, o Ridtietuvos aukStumai, Pietéyy (Dainavos) lygu-
mai, Nemuno vidurupio plynaukstei ir Nemuno zemulygumai — dalig ir nevienodai
reikSminga.

Dabartinio pavirSiaus ir paleopaviskoreliacinis rySys yra teigiamas ir statistiskai
reikSmingas. Jo reikSmingumas einant gilyn é&eazTokia pati tendencija iSry§po lygi-
nant pirmjj (nuo viraus) - Zeimenos svitos Medininkorenos - paleopavitgsu giles-
niais paleopavirSiais. Nustatyta, kad gretimpaleopavirdj koreliacijos koeficientas
einant aukStyn mapa (r = 0,751— r = 0,619— r = 0,591), kas liudija apie palaipsniui
mazjant teigiamy koreliaciri ry§ tarp j. Nustatytas daznas lokalus paleopayigeo-
morfologinis paveldimumas

Atlikta Piety Lietuvos geomorfologimi rajony teritoriniy sasay anali2 patvirtino
reikSming gelmiy geologires strukiiros jtakos raid geomorfologiniams rajonams per
ikikvarteriniy uolieny ir pagrindinius pleistoceno storyspaleopavirSius.

Disertacin darky (154 psl.) sudargvadas, ankstesptyrimy apzvalga, darbo meto-
dika, tyrimy rezultatai (keturi skyriai, vienuolika posky)j iSvados ir literatros grasas

(318 pozicijy). Jis iliustruotas 48 paveikslais ir 11 lengeli
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