
LT0600032

INVESTIGATIONS OF POSSIBILITIES TO DISPOSE
OF SPENT NUCLEAR FUEL IN LITHUANIA:

A MODEL CASE

VOLUME 1

SUITABILITY OF GEOLOGICAL ENVIRONMENT IN LITHUANIA
FOR DISPOSAL OF SPENT NUCLEAR FUEL

2 0 0 5

RATA
GEOLOGICAL SUKVIY

OF LITHUANIA





Radioactive Waste Management Agency
Lithuanian Energy Institute

Geological Survey of Lithuania
Institute of Geology and Geography

Swedish Nuclear Fuel and Waste Management Co

INVESTIGATIONS OF POSSIBILITIES TO DISPOSE OF SPENT
NUCLEAR FUEL IN LITHUANIA: A MODEL CASE

VOLUME 1

SUITABILITY OF GEOLOGICAL ENVIRONMENT IN LITHUANIA FOR
DISPOSAL OF SPENT NUCLEAR FUEL

Authors: Roma Kanopienė, Edited by: Jonas Satkunas
Saulius Šliaupa, Consultant: Prof. Roland Pusch
Jurga Lazauskienė,
Jonas Mažeika,
Vaidote Maselienė,
Artūras Baliukevičius,
Rytis Giedraitis

Layout by: Regina Norvaišienė

Addresses for information:

Radioactive Waste Management Agency RATA
Algirdo 31
LT-03219 Vilnius
Lithuania
Tel.:+370 5 2133139
Fax:+37052133141
E-mail: info@rata.lt
www.rata.lt

Geological Survey of Lithuania
S. Konarskio str. 35
LT-03123 Vilnius, Lithuania
Tel.: +307 5 233 24 82
Fax: +370 5 233 61 56
E-mail: Jonas.Satkunas@lgt.lt
www.lgt.lt

2005



UDK 621.039.75:621.039.543.468 (474.5)
Investigations of Possibilities to Dispose of Spent Nuclear Fuel in Lithuania: a Model Case;
Report in 3 Volumes and a Summary Report prepared by RATA, LEI, LGT, SKB.

The structure of the series of the reports is the following:

Summary Report contains a foreword, introduction and summary (RATA, LGT, LEI);

Volume 1, Suitability of Geological Environment in Lithuania for Disposal of Spent
Nuclear Fuel contains an overview of geological structure and a detail characterisation of
Precambrian crystalline rocks in Lithuania with respect to its relevance for waste disposal
(LGT);

Volume 2, Concept of Repository in Crystalline Rocks describes repository layout and
engineered barriers as well as estimation of waste disposal costs (LEI);

Volume 3, Generic Safety Assessment of Repository in Crystalline Rocks provides results of
safety analysis demonstrating that the model repository complies with the safety criteria (LEI).

Recommended citation of this Volume:

UDK 621.039.75: [55:551.242.03] (474.5)
Investigations of Possibilities to Dispose of Spent Nuclear Fuel in Lithuania: a Model Case.
Volume 1: Suitability of Geological Environment in Lithuania for Disposal of Spent Nuclear
Fuel / R. Kanopienė, S. Šliaupa ... et ai.; Ed. J. Satkūnas; Geological Survey of Lithuania, Institute
of Geology and Geography. - Vilnius: Geological Survey of Lithuania, 2005. - 66 p.: iliustr.

ACKNOWLEDGEMENT

RATA would like to express gratitude to all those who had contributed to the completion of this
Report. This Report is a significant step in the field of management of spent nuclear fuel and
long-lived radioactive waste in Lithuania. It is a great pleasure to acknowledge the support we
have received from Swedish International Project Nuclear Safety (SIP) in providing technical
assistance and preparing this Report. RATA is particularly pleased to thank Curt Bergman for
his professional involvement and overall support.



CONTENT

INTRODUCTION 4

1. OVERVIEW OF GEOLOGICAL CONDITIONS IN LITHUANIA 5

1.1. GENERAL FRAMEWORK OF GEOLOGICAL INVESTIGATIONS 5

1.2. GENERAL OVERVIEW OF LITHUANIAN GEOLOGICAL FORMATIONS 6

1.3. THE SYSTEMATIZED DATA FROM THE RESULTS OF PREVIOUS INVESTIGATIONS 7

1.4. PRELIMINARY ASSESSMENT OF THE POTENTIALLY SUITABLE FORMATIONS 9

2. CHARACTERIZATION OF CRYSTALLINE ROCK GEOLOGICAL FORMATION ....22

2.1. REGIONAL GEOLOGY OF THE CRYSTALLINE BASEMENT IN LITHUANIA 22

2.2. DETAILED PETROLOGY OF POTENTIALLY SUITABLE ENVIRONMENTS 28

2.3. ROCK PROPERTIES 33

PHYSICAL AND GEOMECHANICAL PARAMETERS 35

2.4. TECTONICS OF THE CRYSTALLINE BASEMENT 38

2.5. ROCK STRUCTURE 43

2.6. INDICATION OF THE NEOTECTONIC ACTIVITY OF BASEMENT FAULTS 48

2.7. RECENT TECTONIC STRESS FIELD OF SOUTH LITHUANIA 51

2.8 . HYDROGEOLOGY OF CRYSTALLINE BASEMENT 51

2.9. GEOTHERMAL CONDITIONS 61

2.10. CONCLUSIONS 63

REFERENCES 65



INTRODUCTION

According to the Strategy of radioactive waste (RW) management of Lithuania deep geological
repository has to be constructed for high and intermediate level long-lived radioactive waste and
spent nuclear fuel. The main producer of RW in Lithuania is Ignalina Nuclear Power Plant
(INPP).

The international experience of investigations shows that the construction of RW
repository in deep geological formation is the most real option of the high level RW disposal.
Even if the alternative option is discovered, the possibility and cost of deep geological RW
repository have to be evaluated.

Any geological RW repository is not in operation worldwide yet. However, repository
projects in several countries already reached the stage when the decisions of the construction
beginning can be made. There is a great competence in the field of RW disposal developed in
Sweden. The valuable opportunity to avail that experience was granted to Lithuanian specialists
by Swedish International Project of Nuclear safety (SIP) and Swedish Nuclear Fuel and Waste
Management Co (SKJ3). The programme of competence development in Lithuania in the area of
spent nuclear fuel disposal had been performed since 2001. The programme included study trips to
Sweden, introduction with SIP and SKB experience, establishment of relations of broader
international cooperation, permanent consultancy and training seminars given by Swedish experts
etc.

The necessary requirement for demonstrating the long-term safety of a deep RW
repository system implies that suitable geological and hydrogeological conditions are important.
The geological and hydrogeological environments should be considered together. The relevant
features of those environments are (Savage et al., 1995):

• predictable groundwater flow paths, preferably long and resulting in progressive
mixing with older, deeper waters or leading to discharge at sea;

• predictable and suitable physical and chemical dispersion properties;
• ease of construction to allow for economic repository development;
• meeting the many accepted caveats regarding tectonics, seismicity, depth, etc.

There are several alternative geological environments potentially suitable for the
construction of deep RW repository in Lithuania. All those alternatives should be evaluated
during the special investigations. Geological part of the investigations was devoted to the
assessment of the suitability of geological formations for RW repository construction in
Lithuania.



1. OVERVIEW OF GEOLOGICAL CONDITIONS IN LITHUANIA

Geological structure of Lithuania can be suitable for the deep repository of radioactive waste.
Territory of Lithuania is in the North-eastern part of East European platform. Crystalline
basement occurs at the depth of 200-2300 meters below the land surface. The sedimentary cover
consists of the deposits of all geological systems (Fig. 1). Vendian and Cambrian deposits are
terrigenous (claystone, clay, gravelstone, sandstone, siltstone), Ordovician and Silurian deposits
are carbonate and clayey (limestone, marl, dolomitic marl, dolomite, claystone, clay), Devonian
deposits are carbonate, sandy and clayey (sandstone, sand, clay, dolomitic marl, dolomite, etc.),
Carboniferous deposits are sandy and clayey, Permian deposits are represented, in general, by
limestone, anhydrite and rock-salt, Triassic deposits are clayey, Jurassic - clay, siltstone,
sandstone, Palaeogene and Neogene - sand, silt, clay and Quaternary deposits are till, sand and
gravel.

Hydrogeologically the territory of Lithuania belongs to the Baltic artesian basin (BAB)
that occurs in the East European platform. The Baltic shield hedges the basin in the North and
West. The eastern boundary had been relatively defined near the lakes of Chudo and Pskov
towards the centre of Belarussian-Mozurian High. The southern boundary of the Baltic artesian
basin does mach up to the platform edge faults. There are several structural elements, such as
Baltic depression, slant of Baltic shield, Belarussian-Mozurian High, defined in BAB.

Groundwater of BAB occurs in the sedimentary cover and in the fractured rocks of the
crystalline basement. The groundwater forming process depends on the mentioned structural
geological features as well as on the climate conditions, relief and river drainage of the region.

According to international experience the environments considered to be most suitable
for deep RW disposal were defined as (Savage et al., 1995):

1) inland basinal environments;
2) seaward dipping and offshore sediments;
3) low permeability basement under sedimentary cover;
4) hard rocks in low relief terrain and
5) small islands.
There are two alternative potentially suitable environments for deep RW repository

occurring in Lithuania. The first one is the inland basinal environment. The second environment
is the crystalline basement under the sedimentary cover.

According to the results of the previous geological investigations some geological
formations can be preliminarily selected for the deep repository of radioactive waste: 1) rocks of
Crystalline basement, 2) Lower Cambrian clay; 3) Permian sulfate deposits; 4) Permian rock-
salt; 5) Lower Triassic clay.

1.1. General framework of geological investigations
There were several kinds of geological investigations performed during last four years in the
framework of collaboration between Lithuanian and Swedish organisations, such as Geological
Survey of Lithuania (LGT), Institute of Geology and Geography (GGI), Radioactive Waste
Management Agency (RATA), Lithuanian Energy Institute (LEI), Swedish International project
for Nuclear Safety (SIP) and Swedish Nuclear Fuel and Waste Management Co (SKB).Major
aim of geological investigations at the first stage (the conceptual and planning stage) is the
selection of the most suitable geological formation for the construction of the deep RW
repository. Aims of the geological investigations of the period 2001-2004 were defined as:

1) To determine main stages and tasks of the investigations and to establish the group of
Lithuanian specialists responsible for the specific tasks (beginning of 2001).



2) To provide the basis for deep geological repositories of spent nuclear fuel in
Lithuania (end of 2001).

3) To identify potentially suitable for RW repository construction geological formations
and to prepare the geological part of the comprehensive "Program of assessment of
possibilities of the disposal of spent nuclear fuel and long-lived radioactive waste for
the years 2003-2007" (2002).

4) To assess available data of previous investigations and to perform positive and
negative screening of the territory of Lithuania according to the main criteria of
suitability for RW repository construction (2003).

5) To characterize the crystalline rock geological formation and to analyse the
alternatives (2004).

Each year the investigations were carried out according the specified projects, and the
results were presented at the annual international workshops.

Geological investigations for deep RW repository construction is complex long-term
process, which consists from several stages - the general understanding in the beginning and the
detailed investigations at the end. Stages of geological investigations could be determined as:

1) prospective (review) investigations;
2) preliminary investigations;
3) detailed investigations;
4) underground investigations for repository construction.
The investigations performed in Lithuania in the period 2001-2004 mostly contained the

desktop studies of the first stage (prospective investigations or conceptual and planning stage) of
geological investigations for the construction of deep geological repository of radioactive waste.
The main part of performed studies contained selection of criteria and evaluation of the
formations on the basis of archive data and published material analyses.

Data sources for the investigations were:

• national and international legal documents;
• topographic, geological, hydrogeological, engineering geological etc. maps and

cross-sections;
• reports of various investigations of potentially suitable formations;
• results of hydrogeological and radionuclide migration modelling;
• available boreholes core stored in the storage.
The most important feature of the repository environment is the ability of radionuclide

retention. This feature depends on various factors and could be characterised by certain criteria.
There are many criteria that have to be assessed to assure safety of geological disposal of radioactive
waste. Several main directions of geological investigations could be determined as follows:

• collection and analysis of archive data and publications;
• selection of quantitative (parameters) and qualitative criteria for evaluation of

geological formations;
• sampling of core and laboratory analysis;
• evaluation of the geological formations.

1.2. General overview of Lithuanian geological formations
The general overview of the geological structure and composition of the sedimentary cover and
crystalline basement was carried out in 2001-2002 starting the process of geological media
evaluation, aimed to assess the territory of Lithuania in terms of suitability for radioactive waste
repositories. Several major candidates of geological media in Lithuania - clayey formations, the



crystalline basement rocks, rock salt and anhydrite formations - were selected for the future
studies.

The general analysis of the geological structure and composition of all the suitable
clayey succession was fulfilled aimed to evaluate the suitably of clayey media for in terms of
HLW repositories. In result of studies four perspective clayey formations were distinguished in
the sedimentary cover of Lithuania, being represented by the Lower Cambrian, Lower Silurian,
Middle Devonian and the Lower Triassic sequences.

The Lower Cambrian Baltija Formation occurs only in the eastern part of Lithuania with
a dip of 0.5 to 1%. The top of the succession occurs at the depth of 200-1000 m, dipping to the
NW. The thickness attains 115 m in the easternmost part decreasing to the west to 50 m
(Paškevičius, 1997). Formation was considered as perspective candidate of the geological
media, still, the proximity to the border of Belarus was considered as negative factor.

The distribution, occurrence, depth, thickness, lithological composition and general
mechanical properties of all the prospective candidates were overviewed according to available
material. Parameters describing the Devonian sequence show rather good correspondence to the
general requirements for the radioactive waste storages in plastic and impermeable rocks. The
shallow depth of occurrence, rather homogenous lithological composition, sufficient thickness,
favourable mechanical properties of Triassic sediments allowed to consider it as one of the most
economically attractive clayey formations in terms of radioactive waste repositories. Albeit
rather favourable physical properties of the Silurian formation, the great depth of it's occurrence
considerably reduced the suitability of this candidate.

On this stage the Upper Permian anhydrite and rock salt was considered as one of the
perspective candidates for underground repository of the HLW. The Upper Permian (Zechstein)
anhydrite and rock salt of the Prieglius Formation occurred at the depth of 150-790 m in more
than 12 thousand sq. km area of South and Southwest Lithuania. Inspection of the data available,
especially studies of well logs of areas drilled with no core sampling, showed that suggested salt
domes in fact are the anhydrite and gypsum bodies. Therefore, the Usėnai dome was considered as
the only salt body known in Lithuania. After investigations was concluded that rock salt media
could not be regarded as having high potential alternative for disposal of HLW.

The crystalline basement rocks were considered as one of the most perspective candidates
of geological media. Thus, preliminary assessment of the crystalline basement for RW repository in
Lithuania was carried out. The best prospects of the crystalline basement appeared to be related to
the south-eastern Lithuania where the basement rocks are overlain by only 200-300 meters thick
sedimentary cover, while the central and western parts of Lithuania are devoid of negative factors -
the deep burial inhibit application of Precambrian basement for nuclear waste storage in this part of
Lithuania. Extensive geological information available for the south-eastern Lithuania makes this
candidate very attractive for future studies. The proximity of the shallow area to the borders to the
Poland and Belarus was considered as negative factor.

As tectonic factor is crucial when considering repository facilities of highly dangerous
materials in underground, the special focus was set on tectonic framework and neotectonic
activity of the territory. Accordingly, discussions on the tectonic framework of Lithuania were
organised emphasising the present tectonic fragmentation of the formations-candidates relating
to their protracted tectonic evolution and the general assessment of neotectonic activity.

1.3. The systematized data from the results of previous investigations
Main tasks of the available data collection were determined as:

1) to compile lists of parameters needed for the formation selection and preliminary
performance assessment and modeling;



2) to prepare systematized list of available parameters on Lithuanian potentially suitable
geological formations;

3) to select the best investigated Lithuanian geological formation.

From worldwide experience it is evident that in the geological formation selection and
further stages the considerations apart other procedures are based on performance, safety
assessments and geoscientific modeling with very wide extension of hydrogeological modeling
which requires many input data and validated parameters for simplified assessment models. There
are many computer codes for abovementioned considerations available. Some of them are suitable
for assessment modeling (AMBER, SWIFT, etc.), others - for geoscientific (hydrogeological, first
of all) modeling (FEFLOW, etc.). These computer codes use many of typical input parameters.
Some of them are primary measurable parameters and come from geological investigations.
Specific lists of parameters needed for the modeling by different codes had been prepared.

In Lithuania in course of geological investigations of many years lot of geological
literature (unpublished and published) have been collected. Most of them are available from
archives and library of Geological Survey of Lithuania. These sources contain mainly
information on structural (depths of occurrence, thickness of strata, boundaries of extension),
lithological and hydrological properties of geological formations. Nevertheless, they contain
some experimental data characterizing parameters. The information available includes research
reports (mainly geological mapping), monographs, published papers and other literature.

The most part of literature sources with primary parameters is research reports available
from archives of Geological Survey of Lithuania. In the analysis literature sources were
attributed to areas of geological formations spreading selected after negative and positive
screening. Normalization of quantity of literature sources according to uniformity of lateral
coverage of geological formation by research data has been done multiplying total number of
literature sources by ratio of investigated area to geological formation area (Fig. 1.3.1).
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Figure: 1.3.1. The normalized quantity of literature sources for geological formations

From the point of view of availability of data sources Triassic formation in southwest
Lithuania, Cambrian formation in east Lithuania, Permian formations in southwest Lithuania
and Crystalline basement in southeast Lithuania have been considered. Whole list of data
sources after considerations was compiled.



Comparing the geological formations according to information on estimated parameters
latter ones were conditionally grouped into four groups: hydrogeological, thermal of rocks,
physical-mechanical of rocks and chemical of rocks. Total amount of data on each group of
parameters were calculated and total record number was assessed. After the comparison it was
concluded that there is the largest amount of parameter data available on the Lower Triassic and
Crystalline basement geological formations.

After the evaluation of data availability the reference list for each potentially suitable
geological formation was compiled. Detailed analysis of each literature source and archive report
was performed. There were descriptions of all the investigations and tests put into the reference
list.

1.4. Preliminary assessment of the potentially suitable formations
Aims for geological media selection during 2002 were to identify the occurrence, structure and
composition of the potential geological formations, to fulfill comparative analysis and
evaluation of each of the candidate formation based on desk top and, latter, core investigations.

The above-mentioned studies resulted in the positive geological screening of the territory
of Lithuania, which was conducted in 2002. Prior to positive screening definition of the most
important geological parameters describing the suitability of formations such as simple tectonic
structure, absence of intra-formation aquifers, low neotectonic and seismic activity, good
isolation and mechanical properties of rocks was one of the prior tasks.

After, the distinguishing the occurrence and the aerial distribution of most favourable
formation, based on defined geological parameters, was conducted. The positive screening was
based on the evaluation of general geological parameters, such as lithological homogeneity of the
prospective layer, thickness, depth and lateral extent, tectonic structure etc. of the candidate
formation.

The general geological criteria, implying that the suitable host media must extend
downwards by at least 50 m from about 200 m of depth and comprise at least 70 m of thickness,
were set at this stage of investigations (Fig. 1.4.1). Activities were mostly concentrated on the
studies of all the available geological and geophysical material [well core, well logs, geophysical
data, existing geological, tectonic, structural, lithofacial etc. maps], therefore being much
dependent on quality of data available, state of previous investigations and the other factors.

Several prospective geological formations, showing good isolation capacity, were
analysed at this stage - clayey formations, crystalline basement, rock salt and anhydrite
formations. The clayey geological media were represented by three most perspective candidates:
the Lower Cambrian, the Middle Devonian and the Lower Triassic succession. Due to the great
depth of occurrence and abundant more permeable carbonate layers in the eastern part of the
territory the Silurian succession was excluded from the list of candidates.

Based on the compilation of available geological data, the occurrence of the most
prospective formations was defined.

Based on earlier defined general criteria, cores from eight reference wells most
favourably representing the suitable argillaceous sequence from Lower Triassic and Lower
Cambrian, the Lower Silurian and the Middle Devonian formations and two cores from the
Precambrian basement representing granite and grandiorite varieties of the crystalline rocks
were studied.

The preliminary inspection of selected drill cores showed high potential for identifying
suitable host rock in Lithuania on the basis of already existing cored boreholes that provide lot
of information for the stage of host media evaluation for HLW repository site selection.
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Figure: 1.4.1. Occurrence of potentially suitable geological formations

After the preliminary studies the clayey formations, initially considered three alternatives
(the Lower Cambrian, the Middle Devonian, the Lower Triassic) were reduced to only the
Lower Cambrian Baltija Formation and the Lower Triassic, as they fulfil the best the
requirements with respect to the depth, thickness, lithological composition and homogeneity of
sediments. Thus, at this stage the crystalline basement rocks, the Lower Cambrian clayey
formation, the Lower Triassic clayey formation; the Upper Permian anhydrite and rock salt
formations, regarded as the most suitable geological media for HLW repositories, were detail
analyzed in terms of the depths, thickness and distribution.

It was concluded that only the Lower Cambrian Baltija Group and the Lower Triassic
clayey formations could be regarded as the potential alternatives to crystalline rocks for disposal
of HLW, as they fulfill the requirements in respect to the depth, thickness, distribution and
lithological composition of sediments.

The investigations of both suitable clayey geological formations were analysed in terms
of the evaluation of suitability for high level radioactive waste repositories summarising and
compiling already available drilling and well log as well as archive material and data. Due to the
lack of detailed lithophacial reconstructions of the clayey sediments activities were orientated
towards the detail studies of the lithological composition, lithophacial distribution and
variations, the homogeneity of clayey sediments aimed to analyse similarities and differences
between the different facial zones. For such a purpose three geological cross-sections (two of
them dissecting the Cambrian succession in EW direction in the Middle and Southern part of the
area of distribution and one NE-SW profile dissecting the Lower Triassic formation) were
compiled (Fig. 1.4.2).
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Figure: 1.4.2. Location of the geological cross sections compiled for the detail litho facial studies

1.4.1. The Lower Cambrian Baltija Group Clayey Formation

The oldest Cambrian deposits, attributed to the Lower Cambrian Baltija Formation, occur only
in the eastern part of Lithuania (Fig. 1.4.1.1) The top of the succession occurs at the depth of
200-1000 m, dipping to the NW with a dip of 0.5 to 1%. The thickness of formation attains
115 m in the easternmost part, while the thickness attenuates to 10-20 m the west. The
formation is highly tectonically dissected.

The Lower Cambrian claystone succession of marine origin with pyrite inclusions and a
relatively high glauconite content is overlain by the Ordovician carbonaceous-shally strata, that
shows good sealing properties. In the southernmost Lithuania the Ordovician sediments are
eroded, instead, the Permian-Cretaceous sediments rest on the Cambrian claystones, making the
sealing much less reliable in this part of the area of distribution of the Lower Cambrian
sediments. The lowermost Cambrian sediments are underlain the Vendian strata that are
dominated by sandy lithologies.

The Lower Cambrian clayey formation is comprising compact dark greenish grey,
sometimes brown and violate fine-laminated claystone with interbeds and intercalations of
abundant siltstone and glauconitic sandstone layers varying from 1 to 5.6 m of thickness (Figs.
1.4.1.1 and 1.4.1.3).
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Well

Figure: 1.4.1.1. Distribution, thickness (purple izohypses) and depth of occurrence (in color) of
the Lower Cambrian Clayey Formation

As shown by detail lithophacial studies along two geological cross-sections, dissecting
the Cambrian succession in SN and EW directions, the lateral extent of sandstone bodies is
increasing westwards (Figs. 1.4.1.2 and 1.4.1.3). These sandy heterogeneities of different scale
observed all along profiles have local (lens type) as well as more laterally extended character,
that makes lithological correlation between wells rather difficult.
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Figure: 1.4.1.2. Lithophacial cross-section I of the Lower Cambrian Baltija clayey formation.

The local sandstone lenses varies from 2 to 9 m of thickness in the central part of the area
of distribution of the Lower Cambrian clayey formation, while two considerable sandstone layers
in the lower portion of the section (10-16 m of thickness, increasing up to 25 m in the very
frontier area in the East) could be traced all along the cross-sections (Figs. 1.4.1.2 and 1.4.1.3).
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Figure: 1.4.1.3. Lithophacial cross-section II of the Lower Cambrian Baltija clayey formation.

The sandstone interlayers are potentially highly permeable transport pathways; in such a
case the clay barrier thickness would be about 40 m.

The Lower Cambrian Clayey Formation, due to the restricted distribution, depth of
occurrence and complex geological structure is rather poorly investigated - only data of more than
100 wells are available; sediments are also rather poorly studied in terms of mechanical-
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engineering properties - only few parameters are available (density of the rock equals to 2.22-
2.25 g/cm3, magnetic susceptibility is 0.08-0.14-10 3 SI (Suveizdis, 1994).

1.4.2. The Lower Triassic Clayey Formation

The Lower Triassic sediments are distributed in the southwestern half of Lithuania (Fig.
1.4.2.1). The depth and thickness of deposits increases towards the SW from a few meters in the
northeastern and eastern Lithuania to 280 m. The top of Triassic strata in the NE part of
Lithuania almost outcrops to the surface, gradually plunging in the same direction to 500 m
depth, the strata dipping in the range of 1-2% (Fig. 1.4.2.1). The formation is underlain by the
Permian Zechstein carbonates in the north, and drapes the crystalline basement in the south. The
upper boundary of Triassic sediments is distinct; dark grey Jurassic terrigenous deposits overlie
the Triassic red beds.

Boundary of occurrence ol the
Lower Triassic Formation

Isolines of the depth of occurrence
of the Lower Triassic Formation

Figure: 1.4.2.1. Thickness (in color) and the depth of occurrence (shown by purple izohypses) of
the Lower Triassic Clayey Formation

The Lower Triassic succession is stratigraphically rather complete comprising the
Purmaliai Group (Nemunas, Palanga, Taurage formations) and the lower portion of the Nadruva
Group (Sarkuva and Nida formations; Fig. 1.4.2.2).

Formation is mostly composed of red-rusty colored claystone sequence with numerous
grey-colored claystone intervals with siltstone and sandstone intercalations and interlayers as well
as dolomitic carbonate marlstone intervals, separated by an oolitic limestone layers. The claystone
represents dense and solid material with rare mud cracks (mud cracks are filled with gypsum and
silty matter) and slicken slides, still, showing quite homogeneous character in the most
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lithologically homogenous intervals, that are mostly distributed in the central part of the Triassic
section in the SW part of the cross-section as well as comprises very NE end of the (Fig. 1.4.2.3).

Generalized lithofacial maps for different time span show lithological variations of the
Triassic sediments both in lateral and vertical extent as well in time (Fig. 1.4.2.2). Dolomitic
claystone and dolomitic, calcitic marlstone with tiny siltstone lamina prevail in the north
(Fig. 1.4.2.3), while siltstone gives way to the sandstone and oolitic limestone in the E. The
middle part of clayey succession is more carbonaceous, claystone are laminated with 0.1-10 cm
thick interbeds of siltstone and sandstone (Figs. 1.4.2.2 and 1.4.2.3).

Figure: 1.4.2.2. Generalized lithofacial composition of the Lower Triassic Clayey Formation

Lithofacies and isopachs of the Lower Triassic formations in SW Lithuania: Tinm - Nemunas
Fm: 1 - sandstone; 2 - alternation of sandstone and claystone; 3 - claystone with sandstone; 4 -
claystone; 5 - claystone and marlstone. Tipl - Palanga Fm: 1 - conglomerate; 2 - sandstone; 3 -
alternation of sandstone and claystone; 4 - claystone with sandstone; 5 - claystone. Titr- Taurage Fm:
1 - conglomerate; 2 - sandstone; 3 - sandstone and oolitic limestone; 4 - marlstone and oolitic
limestone; 5 - location of wells studied, names of wells mentioned in text are shown. Ti§r- Sarkuva Fm:
1 - claystone; 2 - siltstone and claystone; 3 - sandstone and claystone

The Triassic strata are more intensively studied both geologically (-2600 wells are
penetrating succession) and in terms of physical-mechanical properties than Cambrian succession,
still, for the reliable evaluation more detail investigations are required. The formation is represented
mostly by montmorilonite and illite; the void ratio of claystone is defined as 0.299-0.565, the
natural density of the sediments varies about 1.96-2.29 Mg/m3, dry density 1.0-2.12 Mg/m3,
density of solid particles reaches up to 2.65-2.82 Mg/m3. The index of plasticity of sediments
exceeds 0.08 (reaching 0.12-0.29 for the most favourable layers). The maximal moisture content
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ranges within the limits of 11.2-15.8%, the natural moisture content- 0.1-0.178, the coefficient
of filtration attains values of 10"6—10 7 m/d (Suveizdis, 1994).
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Figure: 1.4.2.3. Lithophacial cross-section of the Lower Triassic Clayey Formation

1.4.3. Assessment of the clayey formation factors

Positive factors describing the Lower Cambrian Clayey Formation

Few homogenous claystone layers (up to 25 m of thickness), recorded in the upper portion of the
Lower Cambrian succession mostly in E part of the area of distribution of formation, could be
regarded as perspective in terms of HLW repository. Thus, the formation is rather favourable in
terms of thickness of promising homogenous clayey layers, despite more than 70 m thick
homogenous claystone intervals are lacking in the section.

The most promising claystone intervals of the Lower Cambrian are comparatively well
investigated by cored boreholes - available core material comprises good source for the farther
detail investigations, required to define of a number of various lacking parameters.

Negative factors describing the Lower Cambrian Clayey Formation

The Lower Cambrian succession and the most promising homogenous claystone intervals,
showing the most favourable lithological composition are distributed in the very frontier area of
Lithuania.

Both the entire Lower Cambrian succession as well as the most promising clayey intervals
has rather limited territorial distribution. The Lower Cambrian sediments are characterised by
comparatively low thickness (mostly up to 100 m) and deeper geological setting (up to 1 km).
Detail lithofacial analysis shown sharp changes of lithological composition of sediments both in
vertical and lateral directions (that are documented even in deep part of the sedimentary basin).
The entire formation is moderately studied by drilling and only limited number of wells is cored.
The most perspective in terms of lithofacial composition and homogeneity claystone intervals, that
are located adjacent to the Ignalina Nuclear Power Plant, are especially poorly investigated by
drilling. The Lower Cambrian formation shows rather unfavourable mineralogical composition of
the clayey sediments as the illite content (according the available mineralogical data) prevails in
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comparence to montmorilonite. The Lower Cambrian formation (on a basis of available data)
shows rather unfavourable mechanical-engineering properties of the clayey sediments. The Lower
Cambrian formation is located in the recharge area that increases risk of the radionuclide
migration to the groundwater in case of accident.

Positive factors describing the Lower Triassic Clayey Formation

The Lower Triassic succession has much wider territorial distribution and is more perspective in
terms of the depths (150-500 m) and thickness (50-250 m) in comparence to the Lower
Cambrian. The Triassic formation shows more favourable conditions in terms of the lithological
composition and distribution of homogenous promising claystone intervals that also have much
wide territorial distribution. Several more than 50 m thick homogenous claystone layers are
recorded in the upper portion of the Lower Triassic succession mostly in the SW and Central part
of the area of distribution of formation. Thus, the succession is rather favourable in terms of
thickness of the homogenous clayey layers, despite more than 70 m thick homogenous claystone
intervals still are lacking in the section. The Lower Triassic formation shows rather favourable
mineralogical composition of the clayey sediments - the montmorilonite content prevails to illite
and chlorite.

Variations of the carbonate content of the Lower Triassic sediments (up to 40% CaO is
recorded in some wells) defines rather wide range of the mechanical-engineering properties of
the formation, that, in turn, ensures the choices in selecting the most optimal site in the further
stages of investigations.

Negative factors describing the Lower Triassic Clayey Formation

Despite the formation is comparatively well studied by drilling, the most perspective lithophacial
zones are poorly described by cored boreholes. Reconstructions of lithophacial distribution and
lithological variations of sediments are based mostly on the well log interpretation data and often
could not be checked by core material. Detail lithofacial analysis demonstrated rather sharp lateral
lithophacial changes (e.g. considerable variations of the carbonate content in clayey sediments)
that depend on sin-sedimentary conditions and geological structure of formation. The migration of
the mineralised water through the 150 m thick Triassic clayey succession, recorded in the Central
Lithuania, indicates the tectonic disturbance of the formation. Geological material about the
lithological peculiarities of the Triassic sediments, presented in numerous reports, shows necessity
of considerable inventory of the well material in most perspective areas. The descriptions of the
lithological composition of sediments, presented by different authors, vary considerably and the
same rock could be differently named (e.g. type of sediments can vary from marlstone to shales
and loam).

While analyzing the clayey media it was concluded that, based on data available, the
Lower Triassic clayey succession could be regarded as the most prospective from two
candidates in terms of the distribution, depths (150-500 m) and thickness (50-250 m) and also
is the best studied formation in terms of the drilling material. The Lower Cambrian Baltija
Group is characterized by lower thickness (up to 100 m) and deeper setting (up to 1 km) and is
less studied by drilling.

1.4.4. Evaporites

There are two perspective formations for deep repositories of radioactive wastes in Upper
Permian - anhydrite and rock salt.

Anhydrite and gypsum deposits are explored in the Upper Permian (zechstein) Prieglius
Formation. A solid 40-70 m thick seam of Prieglius Formation sulphate rocks occurs at the depth
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of 150-790 m in a large area (more than 12 thousand sq. km) of South and Southwest Lithuania
(V. Kadūnas, 1993). It dips at the angle of 1-20 degrees to the southwest. More detailed studies of
anhydrite and gypsum were carried out in Pagiriai deposit at Garliava near Kaunas, where five
boreholes had been drilled. Gypsum and anhydrite layers are covered by the Quaternary deposits,
Cretaceous chalk, chalk marl and glauconitic sands and by Triassic clays of the Nemunas
Formation (Fig. 1.4.4.1). Total thickness of the cover making up to 295-303 m, is increasing south-
westwards (J. Paškevičius, 1997). Anhydrite and gypsum strata overlie the limestone and dolomite
of the Upper Permian Naujoji Akmenė Formation. The major part (70-80 per cent) of the sulphate
formation is composed by anhydrite. From above and below anhydrite is covered by the same age
gypsum. The thickness of gypsum is 5-8 m above the anhydrite and 3-5 m below (V. Kadūnas,
1993). According to its structure (distribution of gypsum, dolomite and clay) anhydrite is
subdivided to spotted in the lower part and banded in the upper part of the seam. The spotted
anhydrite, 16-20 m thick, is grey, yellowish brown, massive, strong rock, consisting only from
anhydrite minerals. A little admixture of gypsum, clay and dolomite is recorded in some parts.
Banded anhydrite occurs over spotted. The thickness is usually about 17-22 m. Both varieties are
of similar composition and physical-mechanical properties. The anhydrite density range from 2.92
to 2.98 g/cm3, the banded anhydrite porosity is 0.5-0.8%, the spotted is 0.8-0.9%, water absorption
is similar in both varieties- 0.1-0.12%, compression strength range from 40-65 MPa (banded
variety) to 55-70 MPa (spotted anhydrite), bending strength is 18.3-20.7 MPa, tensile strength
range from 2.54 MPa to 2.88 MPa. Thermal conductivity at 25 °C is 1.16-1.26 W/mK, at 100 °C -
11.7-12.5 W/mK, coefficient of thermal expansion in -20 °C...+20°C temperature interval varies
from 0.95 to 0.99 1/°C 10 5, in +20 °C.. .+200 °C interval reaches 2.2-1.91 1/°C 10 5 (V. Kadūnas,
1993). There is quite complex mechanics of anhydrite due to the temperature changes. From the
point of tectonics, the territory of the anhydrite distribution is rather stable, with the exception of
western Lithuania and the Nemunas zone. Laterally the tectonic cracks were determined in several
kilometres distance between. However, cracks in the core samples always are filled with epigenetic
gypsum, and the rock remains monolithic. The most important epigenetic change of anhydrite is the
hydration of its upper parts. However, it is a slow process (less than 210 5 mm/year) showing a
favour of geological factors for stability of the seam. Anhydrite is an almost monomineral rock,
which is distinguished by solid intergrowth of its crystal walls; that is why it is homogeneous.
Admixture of more soluble gypsum in spotted anhydrites has no influence on their homogeneity. In
banded anhydrites, in the case of gypsum dissolution, the isolating properties of rocks may be more
disturbed (V. Kadūnas, 1993). Dangerous chemical elements are absent in anhydrite. The amounts
(n* 10 l 0) of radionuclides (226 Ra, 232 Th and 40 K) show very low natural radioactivity of
anhydrite, which is confirmed by a low gamma activity (1-3 uR/h). Anhydrite is a regional
waterproof layer, arid, practically impermeable for water and gas. However the underlying
Naujosios Akmenės water-bearing horizon is characterized by its 310-320 m artesian pressure, it
could cause the groundwater filtration from bellow. Leaving a rather thick protective layer
(depending on the width of excavations) may eliminate this negative effect. Total large thickness of
sulphate rocks enables to do it. Sandy Lower Triassic Nemunas Formation overlying anhydrite is
little aquiferous and separated from sulphate rocks by an 8-10 m thick layer of clay. These data
show a possibility to use the cavities in anhydrite for the repository. According to its parameters,
the anhydrite seam fits for the storage of especially dangerous toxic and radioactive materials,
but the final decision should be supported by special investigations.

Rock salt of Prieglius Formation occurs in the south westernmost corner of Lithuania
(Šilutė district). In general, thickness of salt beds and depth of their occurrence increase
southwestwards. According to geological survey data, in Lithuania, the rock salt area is detected in
the environs of the Usėnai village, Šilutė district, in three boreholes: Galzdonai-1 - 56 m thick,
Usenai-2 - 69 m and Usenai-3 - 20 m. In the last two boreholes, salt thickness was determined by
geophysical investigations. Depth of salt in Galzdonai-1 borehole is 459.5 m. The Usėnai deposit is
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composed of a salt dome of Upper Permian Prieglius Formation. It occurs in the area of
7 sq. kilometres. The evaluated thickness of the rock salt in the central part of the deposit is 56.5-
69.0 m, and the supposed thickness is about 75 m (V. Saulenas, R. Kralikauskaite, 1997). In
Gorainiai (Silute Region), Pajuris and Zviliai (Silale Region) rock-salt domes have been observed
at the depth of 350-380 meters. Isolated rock-salt domes can also be detected in other areas as
well. Even though many investigations were carried out, and rock properties seem to be suitable,
it is difficult to model radionuclide migration processes and to make long-term safety
assessment for the repository in Lithuanian anhydrite. There is no international experience and
underground laboratories for investigations of anhydrite. Mechanics of the rock becomes
complex due to the temperature changes.

Rock salt of Lithuania is well investigated only in very small area (about 10 sq.
kilometres). Only several single domes are detected by seismic exploration in other places.
Because of diapirism processes, salt domes (Fig. 1.4.4.1) are not suitable enough for the deep
RW repository construction. Furthermore, rock salt as well as the anhydrite is the raw material
and could be exploited, that could damage the isolation system of the repository in far future.

Therefore due to many unfavourable factors, the priority of investigations should not be
given to the Upper Permian anhydrite and rock salt geological formations.

The prospective area of the
crystalline basement was
confirmed as occurring in the
southeastern Lithuania with the
depths ranging from 210 m to
700 m, while in most of the
Lithuanian territory, the depth of
the basement exceeds 700 m,
reaching 2300 m in the west.

Gl-l U-2 GI-2

i-* -'.&;"„

+20

-600

L-660
0,5 1,0 1,5 IP km

E M .

Figure: 1.4.4.1. Geological
cross-section of Usenai deposit

1 - Quaternary deposits; 2 -
Upper Cretaceous; 3 - Middle
Cretaceous; 4 - Oxfordian; 5 -
Kelovean; 6 - Upper and Middle
Jurassic; Beds of Lower Triassic:
7 - Sarkuva, 8 - Taurage, 9 -
Palanga, 1 0 - Nemunas; Upper
Permian beds: 11 - Zalgiriai, 1 2 -
Prieglius, 1 3 - Sasnava and N.
Akmene; 1 4 - Upper Devonian
Pliaviniai horizon; 15 - Upper
Devonian Sventoji Formation;
Lithology: 16 - glacial loam, 1 7 -
chalk, 1 8 - marl; 1 9 - sand; 2 0 -
silt; 21 - rock salt; 22 - anhydrite;
23 - anhydrite with gypsum, 24 -
dolomite, 25 - clayey shale, 26 -
silt (according to Saulenas, 1997)
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1.4.5. Crystalline basement

The crystalline basement of the Lithuania is similar to that that crops out in the Fennoscandian
and Canadian shields, where they are considered as the prospective formation for disposal of
radioactive wastes. By contrast to these territories, the crystalline rocks (often collectively
named "granites") are underlain by sedimentary pile in Lithuania. In the east the crystalline
basement is buried by Phanerozoic sediments of 200-300 metres thickness, while in most of the
Lithuanian territory, the depth of the basement exceeds 700 m, reaching 2300 m in the west.
Accordingly only drilling can provide direct access to the basement rocks that makes an
exploration strategy somewhat different, though basic principles developed in Sweden, Finland,
Canada and other countries studying granite formations remain the same.

In terms of depth, only southern and eastern parts of Lithuania are considered to be
prospective for disposal of RW in the basement rocks, where they are buried under sediments of
thickness less than 700 m. As far the exploration risk is an important factor to be considered, the
knowledge of the basement geology is an essential. Accordingly, the prospective area is
narrowed to south Lithuania that is covered by deep geological mapping at the scale of
1:200 000, while very poor data are available for the eastern part of Lithuania north of Vilnius
City. About 200 wells along with detailed mapping of the gravity and magnetic fields provide
rather unique knowledge of the basement rocks that can be hardly compared to any other known
sedimentary basin (basement buried by sediments) worldwide.

The south Lithuania comprises different rock types of the crystalline basement. The
groups are defined, such as migmatites containing scarce remnants of supracrustals (gneisses,
amphibolites), mafic and felsic intrusions, cratonic (anorogenic) granitoids, and other minor
lithologies. The petrographyc composition of the basement rocks is of minor concern in
repository sitting, as the lithology only little control the reservoir properties (tightness) of rocks,
by contrast to sedimentary deposits. The fracturing (faulting) and shearing of the basement rocks
is the main parameter controlling the permeability for fluid flow. A wide spectrum of tectonic
rock fabrics is documented in the drill cores. The tectonic studies of south Lithuania reveal a
rather dense network of the faults. Still, large enough blocks are defined that show no or little
tectonic damage and therefore are suitable for RW repository. The eastern part of south
Lithuania seems to be tectonized to a higher degree than the western part, and therefore is
considered to be of higher prospect for RW repository exploration.

The most prospective rock types are represented by cratonic (anorogenic) granitoid
intrusions that in some places compose rather large massifs (Kapčiamiestis, Kabaliai). These
rocks are the least damaged by tectonic activity. Furthermore, the lithology variations at short
distances are only minor that makes exploration much easier. Yet, other rock types (gneisses,
mafic intrusions, migmatites) compose someplace only weakly fractured blocks that also may be
prospective for repository.

Judging from very low seismic activity the south Lithuania is affected by very low
tectonic stress.

The hydrogeological well tests indicate that tectonized zones are water saturated,
whereas homogeneous blocks are water-prove. Salinity of the formation water does not exceed
30 g/1 (except some rare anomalies) that is favorable for engineered barriers. The water flow
field of the basement is not well understood as yet. Still, with some modifications principle
schemes developed in aforementioned shields may be applied with appropriate modifications.
Furthermore, the hydrogeological conditions of the overlying sediments should also be taken
into consideration.
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1.4.6. Results pf preliminary assessment of geological formations

The extended studies on media selection in 2000-2002 had led to the conclusion that crystalline
rock and argillaceous rocks are the primary candidates for a HLW repository in Lithuania. Thus,
the activities in 2003 were focused on more detailed studies of geological media that have a
potential to host a repository, as the desk top studies are not sufficient to make a prioritization of
the geological media. The direct observation and characterization of the cores of reference wells
were carried out for detail lithofacial evaluation of candidate formations, analysis of similarities
and differences between the core of the different facial zones and different depths,
simultaneously the sampling for preliminary analysis of mechanical properties was carried out.

The Lower Triassic formation was recommended to be studied more detail in a sense of
prioritization of the potential clayey formations. The Cambrian Baltija Formation is regarded as
a second priority, which needs more detail core studies to prove lithological suitability, though
still with high potential.

According to the results of the investigations, carried out in the period of 2000-2003
crystalline rocks are well investigated and in the 100 km2 area could be found between major
fracture zones and having acceptable depth conditions. Reports of previous investigations show
that the rock is unweathered and "monolithic" with normal fracture content that, hence, fulfils
the requirements both with respect to tightness and stability. Furthermore there is a wide
experience and competence in the field of RW disposal in crystalline rocks developed in
Sweden. The valuable opportunity to avail this experience was granted to Lithuanian specialists
by Swedish experts. Thus, crystalline rocks were prioritized in the list of candidate
formations and were provided for the further characterization as a model case in 2004.

Characterization results of the crystalline rock geological formation are presented bellow
in the chapter 2.
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2. CHARACTERIZATION OF CRYSTALLINE ROCK GEOLOGICAL
FORMATION

The crystalline basement is one of the prospective formations for disposal of high-level radio-
waists. The depth of the basement varies from 200 m in the south of Lithuania to more than
2 km in the west. The solid rocks can be considered as prospective formation, similarly to
Sweden, Finland and other countries. There are still some negative parameters that should be
taken into consideration. The Early Precambrian rocks show drastic variations in tectonization
degree and rock composition, these variations are much more significant than those in the
overlying sedimentary cover. Therefore, the exploration risk is much higher. The risk is
increased by burial of the basement by sedimentary pile, therefore the basement rocks can be
directly accesses only by wells. The role of the geophysical methods is essential in mapping the
crystalline basement. The major prospects of the crystalline basement are related to shallow part
of the sedimentary basin.

2.1. Regional geology of the crystalline basement in Lithuania
The crystalline basement of Lithuania is a part of the East European Craton of the Early
Precambrian consolidation. The basement is composed of different lithotectonic belts and
domains that were established in the Early Proterozoic time, someplace it is intruded by the
Middle Proterozoic igneous rocks. The lithotectonic belts compose the arcuate system that
roughly follows the shape of the Baltic sedimentary basin (Fig. 2.1.1).

The easternmost part of Lithuania is confined to the western periphery of 1000 km long
and 200 km wide Belarus-Baltic Granulite Belt (BBGB). It is dominated by igneous mafic and
felsic rocks metamorphosed in granulite facies (temperature up to 750 °C, pressure 5-7 kbar)
with rare metasediments (Naidenkov et al., 2001). The meatmorphism climaxed at 1780 Ma
(Bibikova, 1995), which is close to bimodal gabro-granite magmatic event, related to post-
collisional collapse (Taran, Bogdanova, 1997). The crustal rocks were overprinted by
retrogradic metamorphism between 1776-1720 Ma. Yet, V. Naidenkov (1995) points to
presence of some zircon Archean ages that can be considered as an evidence of older age of the
continental crust. However, these old dates are more likely related to detrital zircon grains
transported from the Archean provenance (e.g. the Sarmatia continent).

The BBGB is juxtaposed to the East Lithuanian Belt (ELB), which represents the
western accretional system amalgmated to the Sarmatian continent. A common feature of both
lithotectonic belts is domination of lenticular structural grain which is well reflected in the
gravity and essentially magnetic fields by alternation of NNE-SSW oriented magnetic lows and
highs of a few dozens of kilometres long and a few kilometres wide interpreted as the fold-and-
thrust-sheet mesostructures.

The ELB rocks manifest the lower degree of the metamorphism, mainly the amphibolitic
facies (temperature 650—680 °C, pressure 6 kbar). It is dominated by granitoids (migmatites)
with relict bodies of supracrustal rocks represented by metamorphosed sedimentary, felsic and
mafic igneous rocks. The supracrustals were formed in immature to mature volcanic island arc
settings.
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^ Archaean, 3.7-2.7 Ga

Proterozoic:

^ 2.2-2.1 Oa orogenic belts

^ 2.0-1.95 Ga orogenic belts

^ 1.90-1.85 Ga orogenic belts

1-85 Ga orogenic belts Major terrane boundaries

Palaeoproterozoic orogenic belts reworked by
the Sveconorwegian collision (ca. 1.0 Ga)
1.81-1.67 Ga Transscanndinavian Igneous Belt

1.80-1.5 Ga rapakivi granites and related rocks

Ca 1.45 Ga granitoids
Outlines of the Mesoproterozoic Volyn-Orslia
aulacogen

—^"^ Major fault/shear zones

Sketch map of the crustal structure in the western part of the East European Craton (modified after
Bogdanova et al., 2001). The numbers refer to Table 1. The letters are: CB - Central Belarussian Belt;
EL - East Lithuanian -Latvian Belt; N Nordingra; PDD Pripyat-Dniepr-Donets Palaeozoic
Aulacogen; R -Ragunda; VD - Vitebsk domain; and WLG - West Lithuanian Granulite domain.

Figure: 2.1.1. Geology of crystalline basement of western part of the East European Craton
(after Bogdanova et al., 2001).
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The Middle Proterozoic igneous-tectonic stage is marked by extensive intrusion of
anorogenic granitoids and associating mafic bodies (Marfln et al., 1996) of different size and
geometry (Sliaupa, Korabliova, 2000). The most prominent anorogenic body of the Baltic region
is represented by the multiphase Riga pluton of 200-250 km in diameter mapped in west Latvia
(Fig. 2.1.1). The mafic portion consisting of gabro-anorthosotes encompasses the felsic lithologies
in the north. They were formed 1576 Ma (Ramo et al., 1996), the rapakivi granites yield 1584 Ma
that are somewhat older ages than those reported from north Poland and southwest Lithuania.

Figure: 2.1.2. Geological map of the crystalline basement of Lithuania (after G. Motuza, 2004).

Numerous anorogenic intrusions were mapped in the west of south Lithuania. The age is
age is 1.5-1.47 Ga (Sunblad et al., 1994; Motuza, 2000- unpublished report). They represent
actually the eastern extreme of 250 km long west-east striking Mazury belt of rapakivi-like
granites of similar age (Dorr et al., 2001) striking along the northern border of Poland (Ryka,
1982) (Fig. 2.1.1). Most likely, they cored the deep-seated shear zone that bears some features
of the dextral strike-sleep. During Phanerozoic time it represented the first-order border zone
separating the Baltic Syneclise in the north and Mazury High in the south. The anorogenic
granitoids are mapped also in west Lithuania (Motuza et al., 2005), the largest (30x40 km )
feature is the Zemaiciu Naumiestis intrusion that cores the large-scale west-east striking shear
zone, with the northern appendix following the Taurage-Ogre tectonic zone and the southern
appendix accommodated by NW-SE tending Nemunas. The latter is traced to as far as the
western part of south Lithuania, where it controls some smaller Middle Proterozoic anorogenic
granitoids.

The western half of Lithuania is comprised by the West Lithuanian Granulite domain
(WLG), which is thought to represent the distal part of a set of the lithotectonic belts accreted to
the Fennoscandian continent (Bogdanova, 1999) and later collided to the Sarmatian
"conglomerate" (East Lithuanian Belt and others). The junction zone is marked by about 10 km
offset of Moho interface and is confined to the Middle Lithuanian suture zone. Magnetic
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modelling suggests "crocodile" style of the suture zone, the ELB slab subducted under the WLG
to the west and upper crustal slices of the latter overthrusted to the east (Sliaupa, 2000).

The oldest representatives of WLG are supracrustals formed 2.15-1.85 Ga (Motuza,
2004- unpublished report). These are mainly felsic and metapelitic gneisses. They are
interpreted as meta- psammites, pelites, felsic and intermediate volcanics. The supracrustals
were metamorphosed and migmatised. Intrusive charnockites and granitoids comprise a major
part of the WLG. Several generations are defined that formed between 1.85- and 1.815 Ga
(Motuza et al., 2005). By contrast to the distinct lenticular structural grain of the ELB and
BBGB, the mosaic structuring style is characteristic for the WLG, as it is reflected in gravity
and magnetic fields, suggesting dominating plastic deformations in the lower part of the earth's
crust during the Early Proterozoic time.

2.1.1. Study area

The major prospects of RW disposal in the crystalline basement are related to the shallow part
of the basin. Conventionally, the depth of < 700 m is accepted as a lower limit that encompasses
the southern and eastern parts of Lithuania. Still, the knowledge of the eastern part of Lithuania
to the north of Vilnius is very poor with only a few wells available, this area is covered by
gravity and magnetic mapping at the scale of 1:200 000 (an exception is the Ignalina NPP area
where more detailed mapping of the basement was preformed). In view of good knowledge of
the south Lithuanian basement, this part can hardly be regarded as a prospective. Moreover, it is
located close to the state border.

Accordingly, the tectonics of only the southern part of Lithuania, as large as of about
150x100 km is discussed in detailed (Fig. 2.1.1). Subtracting 30 km of the near-border-zone, it
reduces the first-order priority territory to about 100x70 km. The tectonic features of the
basement located at some greater depths (> 700 m) are also discussed, as it provides the better
understanding of geology of the southern territory.

Figure: 2.1.1.1. Depths (from the surface) of the crystalline basement of south Lithuania.

Contour lines show depths (m), red lines are faults. The state border and major rivers are shown.
The green line highlights 700 m contour line.
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2.1.2. Geology of the crystalline basement of south Lithuania

The study area is located within afore-described three major lithotectonic domains, i.e. Belarus-
Baltic Granulite Belt (eastern periphery), East Lithuanian Belt, and West Lithuanian Granulite
Domain (north-western margin).

The largest part of the crystalline basement of south Lithuania is attributed to the ELB
dominated by alternation of distinct NNE-SSW trending linear magnetic and gravity anomalies
implying lenticular tectonic fabric of the domain. The Palaeoproterozoic rocks are
metamorphosed in amphibolite facies and are severely migmatized (= Svekofenian orogeny).
Mesoproterozoic anorogenic granitoid (with minor mafic rocks) massifs intrude the Lower
Proterozoic rocks.

The western periphery of the BBGB is comprised by granulites of mafic and felsic
composition that originally represented igneous rocks and sediments. The tectonic fabric is
similar to that of the ELB. The contact between those domains shows complex geometry.

Based on drilling and geophysical data, the Geological Map of the Crystalline Basement
of south Lithuania was updated recently (Motuzą, 2000 - unpublished report, Lithuanian
Geological Survey).
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Figure: 2.1.2.1. Geological map of south Lithuania (after Motuza, 2000).
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2.2. Detailed petrology of potentially suitable environments

Different lithologies are defined in south Lithuanian crystalline basement. The following rock
groups are recognised: (1) supracrustal, (2) intrusive, (3) ultrametagenic, and (4) metasomatic. The
most comprehensive description of the basement rocks of south Lithuania are presented in
(Motuza, 2000 - unpublished report, Geological Archives of Geological Survey o Lithuania).
Also, numerous mapping reports present data on basement rocks. Bellow, the basic information on
rock lithologies are presented with some comments regarding their suitability to RW disposal.

The supracrustal association is represented by gneisses, amphibolites and mafic
crystalline schists, rarely marbles. They are strongly deformed, metamorphosed in amphibolite
and granulite facies, and are extensively migmatized (Fig. 2.1.2.1).

Figure: 2.2.1. Metasedimentary gneisses of south Lithuania (photo by G. Motuza)

The gneisses are most common west of Varena, whereas being rarer in other areas. These are
metasedimentary gneisses that often show original bedding (Fig. 2.2.1), and more rare metavolcanic
rocks. These are Bi-Pl-, Bi-Amph-Pl gneisses, Bi gneisses, fine- and medium-grained.

Figure: 2.2.2. Supracrustal amphibolite, south Lithuania (well Lazdijai-10, depth 588 m)

The supracrustal amphibolites (Fig. 2.2.2) are most common in south Lithuania, though
mainly are subject to various degree of migmatization. They are fine- to medium-grained, often
contains biotite, are of massive structure or foliated. The crystalline schists are mapped in the
granulite domains.
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The marbles are rare. They are mapped in the Varena area and one body is identified in
Lazdijai area (well 13). Commonly they associate with iron ore bodies. Due to this association
they are not considered as prospective formation (increased fracturing).

Figure: 2.2.3. Migmatites, south Lithuania (photo by Z. Zimerman)

Migmatites (ultrametagenic complex) (Fig. 2.2.3) dominate the Precambrian basement of
south Lithuania. They developed at an expense of mafic and felsic lithologies, proportions of
which vary considerably across the area. The migmatitic blocks show drastic lithology
variations and often are fractured at various degree from scarce to intense. Charnockites
developed in granulite domains. Due to drastic lithological contrasts, this type of rocks is apt to
fracturing, more than homogeneous rocks.

Figure: 2.2.4. Gabroid-
diorite-granodiorite sill
(Randamonys Complex)

On the left, the related
gravity anomaly and
modelled shape of the
intrusion are shown. On
the right, the geological
map of the intrusion and
drill core of the largest
roduka massif are
indicated (after Korabliova
& Motuza, 2004).
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Figure: 2.2.5. Amphibolite (Randamonys Complex) (well 266, see
Fig. 2.2.4 for location)

The intrusive lithologies are comprised by ultramafites (rather rare), gabbroids, diorites,
granodiorites that are attributed to Randamonys Complex, associating plagiogranites. They are
of Palaeoproterozoic age. The Mesoproterozoic intrusions formed in cratonic(anorogenic)
environment and are attributed to the Kabeliai and Veisiejai Complexes.

The ultramafic intrusions are small and rare, therefore are not considered as prospective
bodies for RW disposal.

The mafic intrusions of Randamonys complex are abundant in south Lithuania, and often
associate with felsic lithologies (as indicated on the map, Fig. 2.2.4). The dimensions of the
mafic bodies vary significantly, from individual veins to large massifs (the largest Roduka
massif located in the central part of south Lithuania is of a few dozen of kilometres of diameter).
They can be considered as prospective objects for RW disposal. On the other hand, these rocks
were involved into Svecofennian orogeny, therefore are often tectonized and fractured, in the
periphery of massifs modified to amphybolites (Fig. 2.2.5). They were formed 1.85-1.8 Ga.

Figure: 2.2.6. Granites, pegmatites of the Kabeliai Cmplex, south Lithuania (photo by
G. Motuza and S. Sliaupa)
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By contrast, the Kabeliai ir Veisiejai complexes of granitoids of the Mesoproterozoic age
(Marfin et al., 1994) were intruded under anorogenic conditions about 300-350 Ma after the
main orogeny has finished a long ago. Composition varies from diorites to granites. These rocks
are commonly less affected by brittle tectonics then afore-described metamorphic rocks. The
Kabeliai massif is dominated by fine- to coarse-grained granites (Fig. 2.2.6). It was studied in
detailed for exploration of building materials in late 1970.

Figure: 2.2.7. Granites and diorites of the Veisiejai complex (photo by G. Motuza and
S. Sliaupa)

The Veisiejai Complex rocks are of the same age as Kabeliai granites. They show
broader spectra of lithologies, ranging from diorites to granites (Fig. 2.2.7). A typical feature of
those rocks is the increased content of ferric minerals that is reflected in associating gravity and
magnetic positive anomalies. Five wells were drilled within the massif to reach the basement
with penetration depth from 50 to 200 m. It is noticeable that the lithogical variations within one
well is often only minor.
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Well Lazdijai-18, depth 400-474m

LJthology: Granodiorite
Age: 1.5 Ca
Fracturing: Very low

Inspected well
(September 2003)

400-

410

420

430

440

4J0

4«0-

470

•UXJ-474 m

iGranodiontc

] Mk mctasomalitlt

I Gronodioritc

] Mk mctasonialittc
Granite

I Granodiorile

Figure: 2.2.8. Geological map and section (well Lazdijai-18) of the Kapciamiestis massif, SW
Lithuania

A concentric fabric is a distinct feature of the largest Kapciamietis massif of anorogenic
granitoids, lithologies becoming more granitic in composition towards the centre (Fig. 2.2.8).
The profile of well Lazdijai-18 is presented here to show only little variations, the drill cores
indicate no fracturing.

Figure: 2.2.9. Magnetite ore, south Lithuania (right - well 410, depth 543 rn, quartz-amphibol-
magnetite; left - well 982, depth 603 m, pyroxene-magnetite; centre - well 991 - tremolite-

magnetite)

Metasomatic rocks are rather well studied in south Lithuania as they commonly associate
with iron ore which was extensively studied in eighties and nineties. The mineral composition of
metasomatites range considerably. These bodies show increased degree of fracturing and are
considered as non prospective for RW disposal, therefore detailed description of this tjpo of
rocks is omitted here. Numerous magnetite ore bodies are identified in the central south
Lithuania (Fig. 2.2.9) that associate mainly to Varena fault zone trending north-south.
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Figure: 2.2.8. Tectonized basement rocks, south Lithuania (photo by G. Motuza)

The basement rocks of south Lithuania show very different degree of tectonization. In
some wells breccias, mylonites and ultramylonites are documented (Fig. 2.2.8) that show
ancient fault activity, some of them still preserving activity during the Neotectonic stage.

2.3. Rock properties

2.3.1. Laboratory tests and evaluation of crystalline rock geomechanical
parameters.

Laboratory testing of crystalline rocks was performed with a few purposes, such as: to get
general information on the strength parameters of crystalline rocks with different petrological
composition; to prepare the testing instrumentation and to put into practice the testing methods
at the laboratory of LGT.

The rock samples were taken from the about 15 years old core of boreholes drilled in
southern Lithuania during the deep geological mapping at a scale 1:200 000 (Lazdijai area).
Depth of the samples varies from 427 to 606 m and was selected as the optimal value for the
deep RW repository construction. Petrologic composition is quite different. However several
groups of similar rock types were distinguished as: 1) granites, 2) gabbro and 3) various
migmatites and gneisses. From the total amount of 41 samples, the first group consisted of 7, the
second one - of 5 and the third - of 23. The rest part of the samples was damaged during the
preparation workings and was not suitable for the tests. Aerial distribution of the sampled
boreholes (total amount of boreholes was 5) is relatively small and the results cannot be
applicable for characterisation of all the crystalline rock geological formation.

The results of the tests were evaluated by a State supervisor for engineering geological
investigations at LGT. The main conclusion is that the tests were performed correctly and the
presented parameters mach the possible values. After simple statistical computation the results
are presented in tables 2.3.1.1, 2.3.1.2 and 2.3.1.3.
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Table 2.3.1.1. Physical and geomechanical parameters of tested granites

No.

1.

2.
3.

4

5.

6.

7.

Parameter

Dry density Pd, Mg/m3

Void ratio e, 1/1
Open porosity n, 1/1
Unconfined compression
strength o^, kPa
Tensile strength by
Carneira O,f, kPa
Summary cohesion Cf, kPa
Angle of internal friction
<pf, dgr

Max. value

2,647
3,25E-2
4,lE-3
174910

15170

28504
64

Min. value

2,607

4,3E-3
l,8E-3
52220

6670

14638
32

Mean

2,627

1,41 E-2
2,81E-3
77027

11404

20422
42

Number of
samples

7

7
7
7

5

5
5

Table 2.3.1.2. Physical and geomechanical parameters of tested gabbro

No.

1.

2.
3.

4

5.

6.

7.

Parameter

Dry density pa, Mg/m3

Void ratio e, 1/1
Open porosity n, 1/1
Unconfined compression
strength OCf, kPa
Tensile strength by
Carneira otf, kPa
Summary cohesion Cf, kPa
Angle of internal friction

<Pf, dgr

Max. value
2,889
2,6E-3
2,6E-3
141050

17190

28984
-

Min. value
2,872
2,09E-3
l,9E-3
56090

7120

16595
-

Mean

2,88
2,4E-3
2,24E-3
83734

11466

20680

Number of
samples

5

5

5
5

5

5

Table 2.3.1.3. Physical and geomechanical parameters of tested various migmatites and
gneisses

No.

1.

2.
3.

4.

5.

6.

7.

Parameter

Dry density Pd, Mg/m3

Void ratio e, 1/1
Open porosity n, 1/1
Unconfined compression
strength <TCf, kPa
Tensile strength by Carneira
<Ttf, kPa
Summary cohesion Cf, kPa
Angle of internal friction <pf,
dgr

Max. value

2,913
2,84E-2
3,6E-3
190560

16950

38891
55

Min. value

2,611
l,83E-3
l,8E-3
6340

1680

1989
24

Mean

2,724

9,21E-3
2,67E-3
55751

9199

14046
37,28

Number of
samples

22

22
22
23

18

18

18
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The performed analysis shows relative dependence of dry density on the petrological
composition. Strength parameters of the third group of samples vary in a very large range
(minimal value of unconfined compression strength is 6340, and maximal - 190560), this could
mean very different fracturing of the samples. Relatively small values of porosity parameters of
all samples could substantiate the absence of major faults in the sampled boreholes area.
However, the performed testing could only give information for preliminary assessment of the
strength parameters of crystalline rocks in the small area.

2.3.2. Crystalline rock parameters, collected from archive data

The parameters on crystalline rock were collected from the different literature sources and
reports of previous investigations. All the data were systematized and simple statistic analysis
was performed. Maximal, minimal and average values of crystalline rock parameters are
presented in the table 2.3.2.1.

Table 2.3.2.1. Average values of crystalline rock parameters (according to archive data)

No. Parameter Max. value Min. value Mean Number of
samples

Physical and geomechanical parameters
1.
2.
3.

4.

5.
6.
7.

8.
9.

Natural density, g/cm3

Porosity, %
Unconfined compression
strength (dry rock), kg/cm
Unconfined compression
strength (saturated rock),
kg/cm2

E modulus, kg/cm2

Tensile strength, kg/cm2

Factor of stress condition,
kg/cm2

Rock temperature, °C
Geothermal gradient,
°C/100m

4.23
1.94
1648

1514

7.32
235
3603

15.75
1.67

2.01
0.75
745

705

2.099
68
129.2

11.01
1.34

2.756
1.15
1301.2

1213

4.307
151
1295

13.4
1.53

282
4
9

9

10
10
9

28
5

2.3.3. Mechanic properties of tectonized basement rocks

The tectonic damage has a considerable affect on the strength of the crystalline rocks. Recently,
the mechanic properties were studied in the Telšiai shear zone of west Lithuania (the well
Mamiai-1, Genčiai-2, 6, 10, 4, 7, Girkaliai-3, Eitučiai-1, Kretinga-1, Nausodis-1, 2, 5,
Vydmantai-1) and Drūkšiai shear zone of the Ignalina NPP area (wells Šaškai-2, Schedai-3,
Stankovičai-4). In total, 21 rock samples were investigated.

The granulites and sheared granultes were compared in the Telšiai zone (Table 4). The
compression strength varies from 102-73 MPa (Genčiai-4, Genčiai-7, Nausodis-2, Vydmantai-
1) to 69-58 MPa (Mamiai-1, Genčiai-6), but most often less than 50 MPa (15-50 MPa). The
sheared rocks of the Drūkšiai fault zone are also rather weak; the compression strength is of the
order of 22-63 MPa. The tension strength is essentially low. The maximum strength is
documented in granulites of wells Genčiai-2, 6, 7, Vydmantai-1 (16-10 MPa), while majority of
samples show strength only 5-9 MPa. No correlation was obtained between the compression
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and tensile strengths in the Telšiai zone, while reverse correlation (-0.89) is identified in the
Drūkšiai shear zone (Fig. 2.3.3.1). The latter might be the result of the strength dependence on
the orientation of the stress with respect to foliation orientation.
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Figure: 2.3.3.1. Correlation between compression and tensile strengths. Triangles indicate
Telšiai zone rocks (west Lithuania), squares are Drūkšiai zone (east Lithuania) rocks

Table 2.3.3.1. Mechanical properties of the crystalline rocks collected from the Telšiai and
Drūkšiai shear zones

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Well

Mamiai-1
Genčiai-2
Genčiai-4
Genčiai-6
Genčiai-6
Genčiai-7
Genčiai-10
Nausodis-1
Nausodis-2
Nausodis-5
Girkaliai-3
Eitučiai-1
Kretinga-1
Vydmantai-1
Vydmantai-1
Vydmantai-1
Kazimirovov-6
Stankovičiai-4
Šaškai-2
Schedai-3
Schedai-3

Tectonisation

Low milonite
Milonite
Milonite
Milonite
Milonite
Milonite
Milonite
Milonite
Milonite
Milonite
Milonite
Blastomilonite
Milonite
Milonite
Undeformed
Modereate milon.
Milonite
Milonite
Milonite
Milonite
Milonite

Fo
lli

at
io

n
in

cl
in

ed
de

gr
ee

s

60
90
70
80
90
80
80
70
70
70
30
70
90
60,30
30
masyvi
90
90
90
90
90

C
om

pr
es

si
on

st
re

ng
ht

64
37
102
69
22
73
39
15
79
34
34
18
50
50.8
84.4
81.6
28
63
58
22
29

T
en

si
le

st
en

gh
t

6
11
6
10
7
16
6
5
7
7
9
7
9
2.8
10.3
4.23
7
5
6
8
5

tang

1.54
0.65
1.86
1.16
0.66
0.86
1.11
0.59
1.56
0.98
0.68
0.45
0.94
3.47
4.3
4.4
0.74
1.55
1.39
0.53
0.97

Friction
angle

57
33
62
49
33
41
48
31
57
42
34
24
43
73.92
76.9
77.19
36
57
54
28
44

Cohession

9.53
10.12
12.9
12.8
6.07
16.9
7.56
4.42
11.49
7.52
8.9
5.69
10.79
5.96
9.52
9.2
7.01
9.29
9.32
6.72
6.2

Remark: original rocks are represented by charnockites in the Telšiai zone (samples 1-16) and granitoids
in the Iganlina NPP area (samples 17-21).
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For comparison, mechanical properties of the the Kabeliai anorogenic intrusion and some
hosting rocks are presented in Table 2.3.3.2. The anorogenic granites are considerably stronger
(179-145 MPa) than the hosting lithologies (amphibolite 59 MPa), and are essentially stronger than
the sheared (tectonized) rocks. The tension strength is in the range of 14.5-23.4 MPa that is two-four
times higher than that of the sheared rocks. The strongest basement rocks are fine-medium grained
(Kabeliai) granites, whereas becoming weaker as the grains grow coarse.

Table 2.3.3.2. Strength data of the Kabeliai anorogenic intrusion and some hosted rocks of
south Lithuania (Motuzą et ai, 1979)

No.

1.
2.
3.
4.
5.
6.
7.

Rock

Pig Me granite
Pig Me granite
Pig Me granite
Pig Me granite
Pig Me granite
Plagiogranite
Amphibolite

Texture

Fine-medium
Porphyric
Fine-medium
Fine-medium
Porphyric
Fine-medium-coarse

Compression
strenght, MPa

179
171
166
148
145
110
59

Tensile stenght,
MPa
23.4
14.5
19.5
18.5
20.5

19
8.7

A good correlation is defined for the sheared rocks is defined between the compression
strength and the friction angle, showing positive correlation (Fig. 2.3.3.2). This correlation is
negative for the tension strength and the friction angle (Fig. 2.3.3.3).
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Figure: 2.3.3.2. Correlation between compression strength and friction angle. Triangles indicate
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The Kabeliai granites are much stronger than the Veisiejai Complex granitoids, the latter
showing compression strength in the range of 34-89 MPa. It is explained in terms of coarser
grains and presence of higher amount of mafic minerals.

It is concluded from the presented results that the tectonised rocks have rather low
strength. Essentially, the tension strength is low. The best prospects (strongest rocks) in south
Lithuania are related to the Kabeliai anorogenic granites, essentially the fine-grained varieties.

2.4. Tectonics of the crystalline basement

2.4.1. Methods

The crystalline basement is covered by sediments exceeding 200 m in thickness. Therefore, only
drill cores are available for direct inspection of the basement rocks. Around 200 wells were
drilled into the basement of south Lithuania throughout the past seventy years, with most
extensive deep mapping survey held during seventies-early nineties.

Indications of tectonic damage of drilled rocks (brecciation, cataclasis and mylonites)
(Fig. 2.2.7) are indicated on the compiled tectonic map.

The intrusive lithologies are also indicated on the Tectonic Map, as they evidence
particular tectonic events. Furthermore, they are of increased interest for the underground
repository exploration, as granitoids and associating mafic rocks emplaced in anorogenic stage
when major tectonic events ceased a long ago, therefore they are commonly less affected by
brittle deformations. Also, the syn-orogenic intrusions are in some places rather homogeneous in
terms of lithological variations.

The faults are the main features to be identified, as they provide major pathways for fluid
migration.

The drilling data provide only limited information on the tectonic structures, essentially
the faults and related fractured zones. The data of the mapping of the gravity and magnetic fields
at the scale of 1:50 000 and in some places of 1:10 000 are essential for recognition of the
tectonic structures in the basement. Different automatic interpretation techniques were used to
unravel tectonic features (Šliaupa, 2000). As far the lateral variations in density and magnetic
susceptibility of the sedimentary rocks is rather miserable, the potential field anomalies reflect
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mainly the geological bodies distributed in the crystalline basement. The methods employed are
briefly reviewed bellow:

460000 480000 500000 520000 540000 560000 580000 600000 620000

Figure: 2.4.1.1. Gravity (contour lines) and magnetic (colour scale, nT) field maps of south
Lithuania (mapping scale of 1:50 000, in some areas of 1:10 000). General NE-SW structural

trend is recognised in south Lithuania

The shadad image technique is a powerful tool in detecting the linear tectonic zones
(Arvidson et al., 1982; McDonald et al., 1992). It was applied to the magnetic field and the first-
order derivate of the gravity field, for the latter field is much less differentiated.

Local anomaly transformations were computed from a digital model of gravity field
providing information on densities distribution at the different levels of the earth's crust. The
shallow-level transformations allow analysing in detail structural features of the upper part of
the crust such as faults, thrust-sheets and shear zones, internal structure of igneous bodies, etc.
Deep source separations reveal density variations at deeper levels. A terracing operator (Cordell,
McCafferty, 1989; Cordell et al., 1992) was applied to gravity data to produce a field comprised
of uniform domains separated by abrupt boundaries, e.g. a harmonic gravity field was
transformed into a stepped function composed of steeply dipping and flat zones. In contrast with
the conventional density mapping, the terraced function is not depicted by means of contour
lines. The terraced map is closely analogous to a geologic map in that domains are separated by
sharp boundaries. It provides a physical representation of gravity data that can be referred to
geological features within the crystalline basement. Two maps of the geological-tectonic
boundaries defined at the mode depths of respectively 1-3 km and 5-10 km are compiled. It is
important that result is not subjective, in the sense that subjective aspects are collected a priori,
whereas the procedures themselves are objective.

The sharp change in intensity of the gravity and magnetic fields reflect the geological
boundaries, including faults. The employed horizontal gradient maxima detection technique
allows identification of geological/tectonic boundaries. The maxima point chains mark different-
scale lineaments. This method was combined to the more conventional gravity and magnetic
field first-order derivatives (horizontal gradients).

Lateral correlation between gravity and magnetic fields may be an effective tool in
tracing shear zones, the latter revealed as reverse correlation trends.
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2.4.2. Fault network

A quite dense population of the geophysical lineaments, believed to represent faults, are
identified in south Lithuania (Fig. 2.4.2.1). They compose some regular systems in terms of fault
orientation and pattern. NE-SW, NW-SE, W-E and N-S tending fault systems are documented.

Figure: 2.4.2.1. Basement faults of south Lithuania identified from potential fields

Stars indicate wells that show high tectonic damage (brecciasion, cataclasis, and mylonites).
Zones of increased tectonic activity (as defined from tectonic damage of basement rocks of most of
drilled wells) are marked in brown.

N-S oriented faults have preferable tendency to form swarms. Two essentially distinct
swarms are mapped. The N-E trending 20 km wide trend is identified in the centre of south
Lithuania from Marcinkonys and up to the north. The lineaments have rather sharp expression in
the potential fields that point to strong control of those faults on the structural grain of the
basement marked by alternation of associating gravity and magnetic highs and lows. The: most
prominent feature of this fault swarm is its control on the iron deposits of south Lithuania.

The second large-scale N-S trending swarm is reported from the eastern part of south
Lithuania, it crosses Vilnius City. The expression in the potential fields is similar to that
recognised in the Marcinkonys zone that suggests their common origin and tectonic mechanism.
It is a part of larger-scale East Baltic Zone of tectonic-igneous activation (defined by Apirubyte,
1977- unpublished report) trending from Latvia to south Lithuania. This zone is marked by
intense dynamic metamorphism and fracturing that associated with hydrothermal activity. The
most distinct examples are reported from the wells 711 and 719 drilled close to each other, they
penetrated the brecciated Upper Permian carbonates overprinted by hydrothermal processes
(presence of sulphides, flint).

The other N-S striking faults compose smaller-scale trends. For example, the distinct
fault is identified along the Nemunas River, the similar Seirijai Fault is detected further east.
Some denser fault population is recognised between the Marcinkonys and Vilnius swarms.
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W-E oriented faults show less distinct tendency to cluster along the large-scale swarms,
instead forming long and narrow though more distinct fault zones. This system is essentially
important for the tectonic framework of south Lithuania as it controls the major tectonic
structures of the sedimentary cover, formed mainly during the latter part of the Late Palaeozoic.
They comprise a system of structural terraces stepping down the northern flank of the Belarus
anteclise towards the Baltic syneclise in the north.

The best-studied large-scale feature is the Kapčiamiestis fault mapped close to southern
border of Lithuania. It is very distinct structure in the sedimentary cover, e.g. intense inversion
tectonics during the Late Cretaceous, when relative movements amounted 50-70 m. Similar
amplitudes are recognised in the sub-Quaternary surface that implies high neotectonic activity. Some
wells drilled within the zone show very intense fracturing and deep weathering (e.g. well Lazdijai-
21). The zone was established (or reactivated) during the Middle Proterozoic to provide the major
path-way for intrusion of the largest Kačiamiestis and Kabeliai anorogenic granitoid massifs.

The other distinct fault strikes at roughly Veisiejai latitude. The offset in the sedimentary
cover is defined by drilling. At crossing with the Marcinkonys zone it controls the location of
iron ore deposits that punctuate the intersections of the Veisiejai Fault with Marcinkonys faults.

The most distinct fracturing zone is identified along the W-E tending line Lazdijai-
Merkinė-Varėna. Most of the wells drilled within this trend show high degree of tectonic
damage of the basement rocks (Fig. 2.4.2.2) such as the brecciation, cataclasis and
mylonitization. For example, the well Ladzijai-8 was drilled through 50 m thick severely
weathered basement rocks (and still did not reach the unweathered profile). The Lazdijai-13
well crossed a few hundred of meters thick ultramylonite profile. Similarly to Kapčiamiestis
zone, the Lazdijai-Merkinė fault zone controls the Middle Proterozoic anorogenic intrusions
(Lazdijai-6, Akmena, Veisiejai, Lazdijai-14). For example the aforementioned mylonites of
the well Lazdijai-13 likely host the Veisiejai and Akmena intrusions further west. The genetic
relationship of this particular fault with the anorogenic granitoids is hinted by isotope dating
that revealed the same ages of anorogenic intrusions and Lazdijai-13 mylonites. Previously,
the latter was (wrongly) attributed to the collision event along the N-S striking Middle
Lithuanian Suture zone.

The other W-E oriented faults are less distinct features, though also are shown to
preserve activity during the Phanerozoic in some places, as recorded by structuring of the
Vendian-Cambrian, Permian and younger sediments, though amplitudes are rather small (few
dozen of meters). Cataclasites someplace mark the faults of this system, such as those
documented in the well 404 (with epidote veins).

Some defined tectonic zones are advocated by drill-core orientation measurements. For
example, the fault zone crossing the wells 723, 724, 726 is reflected in preferred W-E foliation.

NW-SE oriented faults are numerous in south Lithuania. The pattern of faults is rather
irregular. Two major swarms are documented. The most distinct one is identified in the east,
where it crosses the east Lithuania granulites; the swarm is cored by the Jašiūnai shear zone
characterized by gravimagnetic low. Following drilling data, the shear zone is composed by
migmatites formed under amphibolite facies conditions (wells Jašiūnai-726, Poškos-75) that
indicates the Early Proterozoic age of the zone. Some cataclasites seems to be related to this
system, such as those reported form the wells 399, 400.

The second largest-scale swarm is mapped in the centre of south Lithuania (crosses
Varėna Town). The faults of the swarm are mainly defined by offset of gravity and magnetic
anomalies that suggests only minor width of the fault disturbance zone. A parallel orientation of
the Daugai Lake hints to neotectonic activity of this zone.
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The other faults compose preferentially narrow zones. A very distinct fault is defined
across Merkinė towards Nemunaitis, also controlling the drainage network. Another zone
crosses Druskininkai resort. In the north this fault hosts the Middle Proterozoic anorogenic
intrusion defined on basis of characteristic signatures of the potential fields. It should be noted,
that this fault is a part of the larger-scale Nemunas zone extending from the Baltic Sea across
west Lithuania and Kaliningrad District, where it also controls the anorogenic granitoids
(southern appendix of the largest Žemaičiu Naumiestis cratonic massif).

NE-SW trending system is the most difficult to identify, as it coincides to general
structuring trend of the basement rocks, therefore it is difficult to make a distinction between the
particular fault and folded structure. This system is rather pervasive, reflecting thrust-sheet
geometries dominating the structural grain of the basement. Only most distinct features were
identified as "true" faults. Consequently, it is shown as the least developed system on the
tectonic map, though it may be not a case in reality. A swarm of faults is defined in the eastern
corner of south Lithuania.

It is still evident, that application of the potential fields alone is not capable to identify
these features at high enough confidence level. The neotectonic and other methods are highly
recommended to combine that should allow sorting out thrust-sheet boundaries from the larger-
scale faults. The drilling material is of only limited help.

The faults having another tends are rather scarce in south Lithuania. Some EEN-WWS
striking faults are identified in the east and central parts of the study area. They do not bear any
features of distinct structures on the potential field maps, rather are traced by applying very
sensitive techniques, as the shaded relief. It likely points to only minor impact on the basement
rock homogeneity (youngest fault generations?).

Discussing the age of defined faults, we can only address the characteristic features of
the faults in the potential fields, as only a few isotope datings are available, such as afore-
mentioned well Lazdijai-13 mylonites. The NE-SW trending system seems to be the oldest one,
as it roughly coincides to general structural trend of the basement formed during intense
orogenic tectonics. The NW-SE fault family is likely the second one to have formed in south
Lithuania, as these faults often set-off the other structural systems in a plan view. The third old
system is considered to be N-S trending fault family. It provided the pathways for accumulation
of iron to form the mineral deposits. As it was stressed before, the W-E fault system evidently
controlled the Middle Proterozoic anorogenic igneous activity, therefore is younger with respect
to the other fault populations. The defined faults are the main feature of the Tectonic Map of
South Lithuania (Fig. 2.4.2.2). They were ranked as major and other faults that implies different
water permeability characteristics.
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Figure: 2.4.2.2. Tectonic Map of South Lithuania. Legend is presented bellow

2.5. Rock structure

2.5.1. Metamorphic facies

The basement rocks of south Lithuania are metamorphosed in amphibolite facies. The granulites
are mapped in the east and NW corner of the study area.

Granulites are represented by charnockites and enderbites with rare remnants of
supracrustals in the east of south Lithuania. They are confined to the gravity maximum
extending roughly north-south. Granulites were established at 730 °C / 6.5-7 kbar conditions.
This granulites belt is affected by retrograde amphibolite metamorphism in the periphery, it is
dated about 1.75-1.62 Ga. This thermal event was rather widespread and affected, in instance,
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the Varėna metasomatic complex. Some smaller granulite trends are identified to the south-west
(at the Belarus border) that also have distinct gravity highs. The contacts of granulites segment
with amphibolite facies are punctuated by strong gravity and magnetic gradients, strongly
advocating for their tectonic nature. The granulite metamorphism took place about 1.80 Ga
(associated with intrusion of mafic rocks).

The granulites are also mapped in the north-western corner of the study area that is
attributed to the eastern periphery of the West Lithuanian Granulite Domain. The composition
differs from the eastern analogues, as the western granulites were formed at the expense of the
felsic volcanic rocks (Motuzą, 2004, unpublished report). The contact with amphibolite facies
domain (East Lithuanian Belt) is not well defined on the potential fields maps, as it is cored by a
large felsic intrusion (north of Lazdijai) reflected by distinct gravity low, whereas the magnetic
field shows only little differences to the hosting rocks.

A small granulite block was drilled in the well Lazdijai-1 close to the Polish border. It is
dominated by charnockites. The metamorphic conditions are quite high (850-900 °C / 6 kbar).

Amphibolite facies predominate in the study area. It is notable that the contact between
the eastern granulites and amphibolite facies domain is marked by the retrograde
metamorphism, i.e. low-amphibolite facies in the north and greenschiest facies in the south (e.g.
wells 413, 418). It points to the high tectonic activity along the contact between those two major
crustal segments.

The lithologies vary considerably across the amphibolite facies field. They are
represented by supracrustal gneisses and amphibolites, migmatites and granitic bodies. Still,
some clear trends are identified in the gravity field that enables to distinguish at least three
major segments, as the central gravity low flanked by increased gravity field intensity. These
segments are indicated on the tectonic map of south Lithuania. The gravity high implies more
mafic composition of the basement, while felsic lithologies predominate in the centre.

2.5.2. Intrusions

Early Proterozoic intrusions comprise different-sized bodies, ranging from veins to large
massifs, as the Roduka intrusion in the Druskininkai area. Small intrusions were drilled in the
central part of the study area. Lithologies are represented by gabbro-norites, gabbro, felsic rocks.
A few ultramafic bodies are identified in the centre of the study area.

The Roduka massif domainted by gabro-norites associating with felsic lithologies in the
periphery. The age is about 1.85 Ga and were involved in the Svecofennian orogeny, therefore
are tectonized at different degree (likely increasingly to the periphery).

Middle Proterozoic cratonic (often called anorogenic) intrusions are common in the
western half of south Lithuania. The largest representatives are the Kapčiamiestis and Kabeliai
massifs mapped close to the southern border of Lithuania. They cored the large-scale
Druskininkai tectonic zone trending W-E. The fault-control is also distinct for the smaller
Akmenai, Veisiejai intrusions that intruded the west-east trending shear zone with some dextral
sense. The Lazdijai-6 and Lazdijai-14 intrusions show similar control. The other group of
anorogenic intrusions cored NW-SE striking faults, such as the intrusion identified in the SW
corner of the study area (based on interpretation of the potential fields).

Commonly, rocks of cratonic (anorogenic) complex are tectonized to a lower degree than
the older complexes. Still, the faulting of intrusions is recognised in some places, as indicated by
drilling, hydrogeological well testing, potential field interpretation. The best-studied cratonic
massif is the Kabeliai intrusion (building material exploration). Numerous wells drilled within the
massif indicate different degree of fracturing that is well reflected in hydrogeological tests. In
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most cases, the fractured zones are confined to N-S and W-E trending faults. Evidently, these
faults were formed after the onset of intrusion. The fracturing is accounted to reactivation of the
N-S tending Marcinkonys fault zone and the Druskininkai zone of faults striking W-E. Activity
of faults of this system was well established by electric survey 10-15 km north of the massif.

Geometry of those anorogenic intrusions is described in Chapter 7, as they seems to have
the best potential for disposal RW repository.

2.5.3. Breccias, cataclasis, mylonites

Breccias, cataclasis, mylonites that were revealed by drilling are indicated on the Tectonic Map.
These features formed at different stags of tectonic evolution of the crystalline basement, from
the Early Proterozoic and Middle Proterozoic (e.g. mylonites of well Lazdijai-13) to the Late
Palaeozoic and Mesozoic (e.g. breccias and hydrothermal varieties in wells Jašiūnai-711, 719).
The degree of tectonization varies considerably. In some areas they comprise all well profiles
(e.g. Lazdijai-13, Barčiai-413), while composing only thin or no intervals in the others.

Beccias are reported from the wells 417, 418, 713, 714, 718, 719, etc. The type of the
cement is different, relating to different stages of the geological evolution of the area. For
example, breccias of well 303, 418 are cemented by quartz, whereas calcite cements the breccias
of the well 417.

Abundant cataclasites are reported from the wells 399, 404, 411, 413, 419, 722, 723,
while only minor and scarce intervals are documented in the wells 400, 407, 412, 717, 708, 710,
713, 714, 718, 720, etc.

Mylonites are rarer. Only seldom they compose the whole profile of wells (such as the
well Lazdijai-13). Commonly mylonites represent separate intervals ranging in thickness from a
few centimetres to a few dozen of meters. Abundant mylonites are identified in the wells 411,
417, they dominate section of the wells 413, 419; there are mylonite intervals reported from
wells 707, 710, 713, 718, etc.

Someplace, the dynamic metamorphism and fracturing associated with hydrothermal
activity. Quartz veins and quartz-enriched intervals are described in the wells 269, 302, 303,
355, 402, 406, 408, 413, 418, 420, 421, 423, 710, 713, 719, 720, 722, 723, 728, Lazdijai-13, etc.
The epidote formation is recognised in the wells Barciai-60, 404, 410, 412, 413, 417, 418, 422.
The most intense epidotic process took place in the wells 413, 418, i.e. at the contact between
the granulite and amphibolite domains in the southeastern part of the study area.

2.5.4. Geometry of anorogenic intrusions of south Lithuania

In 1987-1991 the deep geological mapping (1:200 000 scale) was carried out in the Lazdijai
area in SW Lithuania, close to the Polish border. 32 wells were drilled to reach the crystalline
basement which is covered by 300-700 m thick sediments. The drilling was preceded by the
gravity and magnetic mapping at the scale of 1:50 000. The geophysical mapping revealed five
high intensity gravity and magnetic sub-isometric and elongated anomalies ranging from 3-
5 km to more than 20 km in diameter. The gravity field exceeds 6 mGal, magnetic field is as
high as 600-1000 nT. These anomalies were examined by 12 wells which penetrated the
crystalline basement to as deep as 50-300 m. Contrary to expected occurrence of mafic rocks
(preliminary accounted for the high gravity and magnetic anomalies) the granitoid bodies were
obtained instead. They were defined as the Veisiejai Granitoid Complex (Marfin et al., 1994).
The composition ranges from diorite to granite, though within the smaller intrusions lithologies
generally only little vary except the largest Kapčiamiestis Massif.

In spite of variable composition, the Veisiejai Complex is easily recognized by their
peculiar chemistry, porphyric uneven-grained texture, petrophysical parameters of rocks. A
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characteristic feature of those rocks is an occurrence of euhedral and subhedral crystals of
potassium feldspar (plagioclase compose smaller crystals) that are 7-10 time larger than the
matrix. Content of porphyric crystals varies from 10-20% to 70-80%. Considering the chemical
composition, a high content of FeO* exceeding 6-10% is notable. A high content of mafic
minerals results in high density and magnetic susceptibility of granitoids. Only granites show
less "exotic" petrophysical and geochemical characteristics. The petrophysical parameters of
major rock types of the Veisiejai complex are presented in Table 2.5.4.1.

Table 2.5.4.1. Average petrophysical parameters of Veisiejai complex

Rock type

Diorite
Granodiorite
Granite

Samples

5
188
11

Density
(g/cm3)

2.82
2.76
2.64

Magnetic
susceptibil.
(10~3SI)
84.5
70.0
2.9

Remnant
magnetizat.
(10 3 Mm)
550
567
70

Induced
polarizat.

3.64
2.59
1.97

Q (remnant vs.
induced magnetiz.)

0.23
0.20
0.60

It is seen in the table that granodiorites constitute the major group, consequently it
explains the nature of coinciding intense geophysical anomalies due to high rock density and
magnetic susceptibility.

Four massifs of the Veisiejai Complex were modeled by means of potential fields 2.75-D
modeling program GeoSoft in order to define their geometry at a depth. The gravity and
magnetic data were derived from the 1:50 000 mapping. Petrophysical data are quite
representative, the drill-cores were sampled by 5 m step, so that, for example, 300 m deep (in
the basement) well is represented by about 60 samples.

Profile I. It strikes NW-SE across the Veisiejai intrusion which is of W-E elongated shape
(Fig. 2.5.4.1). 3 wells were drilled into the intrusion. It is composed of granodiorites which vary
slightly in composition. Some mafic intervals are identified. Following the modelling results some
internal differentiation of the body is notable. The Veisiejai intrusion cored the intersection of the
W-E striking shear zone with the WE trending older tectonic feature.

Farther to the north-west the other igneous body attributed to the Marcinkonys complex
of granitoids is recognised (well N9). The massif is composed of fine-grained Bi granite-gneiss
crossed by veins of fine- and coarse-grained granite and Bi granite. The massif intruded the W-
E striking fault which separates two domains showing different petrophysical characteristics
(Fig. 2.5.4.2). The section of the well (50 m long) is represented by severely weathered and
fractured rocks pointing to proximity of the fault.

A mafic body is located in the southern part of the profile (well N17). It is composed of
fine-grained Hb- and Bi-Hb amphybolites, someplace migmatized. Texrural, geochemical,
mineralogical features allow attributing them to the Randamonys Complex. The modelling
results imply the flat sill geometry of the body.

Profile II. The northern part of the profile crosses the Lazdijai and Akmena intrusions of
the Veisiejai Complex. Geochemical and petrophysical characteristics of both intrusions are
close to those of the afore-described Veisiejai body. Modelling reveals some internal
differentiation. The well N6 penetrated the upper more felsic portion of the Lazdijai massif. To
explain the high-intensity magnetic anomaly, more magnetic granodiorites are suggested
beneath (Fig. 2.5.4.2). The intrusion bottom is as deep as 8 km.

In the south, the profile crosses the exotic Kučiūnai granulites block, which has
continuation farther to the west in Suwalki Town (Fig. 2.5.4.1). The well Nl penetrated the
enderbites and charnockites. Rare intervals of mafic granulites are reported. The younger
granitoids and gneisses are present. The confining gravity and magnetic anomalies are very high,
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implying dense and magnetised rocks. However, the measured density and magnetic susceptibility
of dominating granulites are not high enough to explain the anomaly. Mafic lithologies were
modelled for the most part of the Kuciunai block. This is in concert to magnetic logging data that
show strongly magnetised rocks located at a distance of 50-100 m from the well Nl.

Profile III. The modelling was run along the line west-east accross the Akmena and
Viesiejai intrusions. It shows that these two intrusions constitute actually a common body. The
granitoids intruded west-east striking shear zone.

Profile IV. The profile IV crosses the largest Kapciamiestis intrusion of the Veisiejai
Granitoid Complex (Fig. 2.5.4.1). Five wells were drilled into the massif. By contrast to
aforedescribed Veisiejai, Akmena, Lazdijai bodies, it shows strongly differentiated lithologies
ranging from dominating granodiorites in its periphery to prevailing granites in the centre.
Petrophysics and geochemistry of the peripheral half of the massif resemble those of the
Veisiejai Complex modelled in profiles I, II, III. Rocks become less dense and less magnetised
towards the centre of the massif. In the well N22, drilled in the very centre of Kapciamiestis
intrusion, granites prevail. The petrophysical boundaries are inclined towards the centre. The
intrusion was modelled as thick as of 5-6 km. Along the northern edge of the Kapciamiestis
massif, some 0.5-1 km wide transition zone was implied from potential fields. A similar
transition zone (the outermost part of it) has been recognised in the well N28 located close to the
SW margin of the Veisiejai intrusion.

Magnetic (left) midBoueuer anomalies
(right) maps of SW Lithuania

Geological Mapof Lazxfljai urea,
SW Lithuania (according to Marfin et al.. 1994).
1-Vciaejui Qriuiiloid Complex (PRlvs)
2-plagiogranite? of Subartonys Complex (PR1 sb)
3-ttiauitct; of Marcinkonys Canpltx (PRlmc)
4-supraa ustal amphibdiles, Bueasscs of

Balninkai Complex fPRIbl)
5-iniginatiles. granites witli telicts; of (A) (PRlmc)
6-cndcrbitcs, chnrnockitcs (Kudunai block)
"-migniatiies, granites with relicts of granulites (PRlmc)
8-fault
9-line of model led profile

Figure: 2.5.4.1. Magnetic field map, Bouguer anomaly map and Geological map of crystalline
basement of south-west Lithuania (Lazdijai area)
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Figure: 2.5.4.2. Gravity and magnetic models of the Veisiejai Complex and hosting lithologies

2.6. Indication of the neotectonic activity of basement faults
The neotectonic activity of the basement faults shall be taken into consideration in the sitting of
the repository. No special investigation of the neotectonic lineaments was performed within the
presented project. However, some estimates can be taken from the previous studies, e.g. the Map
of Neotectonic Lineaments at a scale of 1:400 000 (Sliaupa, 2000). The neotectonic lineaments
are compared to the basement faults (Fig. 2.6.1). Similar fault families are identified, i.e. N-S,
W-E, NW-SE and NE-SW tending features. The average spacing of the defined lineaments is
about 10 km, as only the major lineaments are mapped. Detailed studies of some local areas
(Moletai mapping area, Siauliai mapping area, Varena Iron Ore area, etc.) indicate that the
framework of the neotectonic lineaments is commonly denser. Therefore, additional studies will
be required for the identified area of the potential repository.
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Figure: 2.6.1. Comparison of lineaments of basement faults (black lines) and major neotectonic
lineaments (red lines) of south Lithuania. Stars indicate shallow hidrogeochemical anomalies

that imply vertical migration of saline water along the faults

The major neotectonic lineaments only partially coincide to the basement faults (Fig. 2.6.1).
For example, the Varena fault zone is punctuated by N-S striking large neotectonic lineaments.
Also, the domination of the NE-SW basement faults in the southeast of the study area is reflected
in the dense system of neotectonic lineaments. The west-east trending tectonic zone extending from
Lazdijai to Eisiskes showing high degree of tectonization of basement rocks (Fig. 2.4.2.2) is
marked by large-scale neotectonic lineament. Similarly, the north-west oriented faulted zone in the
east (Vilnius longitude) is overlapped by swarm of major neotectonic lineaments.

The faulted zones are often indicated by the hydrogeochemical anomalies. The shallow
(< 250 m depth) anomalies of water salinity exceeding 0.8 g/1 were identified based on inventory
of about 3500 wells. No anomalies are recognised in the shallowest part of the basin (depth of the
basement less than 700 m), except the well known Druskininkai mineral water resort. The latter is
related to intersection of several tectonic zones, i.e. the Druskininkai zone striking W-E, the
Middle Lithuanian Suture zone trending N-E and some lower-order NW-SE and NE-SW faults.
By contrast, a number of anomalies indicating intense vertical migration of the groundwater along
the faulted pathways is recorded in the southwestern part of the study area. The absence of the
anomalies in the shallow setting of the basement does not necessarily imply the absence of the
vertical migration of the ground water along the faults. It should be taken into consideration that
this area is subject to intense water recharge and basinward water migration that can obliterate the
traces of the vertical migration of the ground water along faults. Also, maximum salinity of the
ground water is much less than that in the SW part of the study area.

It is difficult to estimate the amplitudes of the vertical movements of the netectonic
structures in Lithuania because it is devoid of the Neogene sediments with only rare remnants of
continental deposits preserved in the easternmost and southwesternomst parts of the study area. The
approximated relief of the sub-Quaternary surface is considered as the main reference level for
neotectonic reconstructions. Two types of maps were compiled at the scale of 1:200 000 (Sliaupa,
1999). The first map shows averaged altitudes of the negative forms (e.g. palaeoincisions) of the
sub-Quaternary relief to reflect an intensity of the erosional processes that varies considerably across
the area (Fig. 2.6.2). Some basement tectonic features are discernable. The Varena tectonic zone of
the N-S orientation is overplapped by distinct erosional feature indicating maximum glacial and
meltwater erosion intensity, while decreasing to the east and the west. Furthermore, some individual
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faults are discernible. The most obvious correlation is stated for the west-east striking Veisiejai fault,
the northern flank of which reveals relative uplift (or less intense erosion). The NW-SE trending
Salcininkai-Trakai zone also seems to control the contour lines of the sub-Quaternary relief.

The averaged summit depths of the sub-Quaternary relief are supposed to better reflect
the vertical tectonic movements (Fig. 2.6.3). It is stated that the Kabeliai and Kapdiamiestis
cratonic intrusions are located in the most distinct neotectonic depression controlled by the
Druskininkai fault zone trending west-east. This zone breaks through the middle part of the
Kapciamiestis intrusion and affects the northern part of the Marcinkonys intrusion. The tectonic
nature of this terrace is well proved by inversion tectonic activity during the Cretaceous time,
the amplitude reaching several dozens of meters (Sliaupa, 1997). The other tectonic zones of the
basement are less distinct in the sub-Quaternary relief. NW-SE zone trending from Druskininkai
to Lazdijai and Kalvarija is reflected by relative uplift of the south-western flank.

The zones showing increased gradients in the sub-Quaternary relief are considered of
higher risk and are not recommended for RW repository.

Figure: 2.6.2. Averaged depths (a.s.l., m) of negative forms of the sub-Quaternary relief of south
Lithuania. Faults of the crystalline basement are shown for comparison

Figure: 2.6.3. Averaged summit depths (a.s.l., m) of the sub-Quaternary relief of south
Lithuania. They reflect differentiation of the vertical neotectonic movements. Faults of the

crystalline basement are shown for comparison
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2.7. Recent tectonic stress field of south Lithuania
The stress field is an important factor for prediction of the rock mechanical behaviour in the
tunnel (e.g. tunnel deformations, fracturing of surrounding rocks).

Only scarce instrumental data are available on the orientation of the horizontal tectonic
stresses in Lithuania and adjacent territories, while no measurements have been performed to
estimate the stress magnitudes so far. The minimum seismic activity in Lithuania suggests very
low stress level, it can hardly be expected stresses as high as those measured for example in
Canadian URL exceeding 60 MPa at the depth of a few hundred meters.

The first attempt to estimate the orientation of the horizontal stress was based on
morphometric method using topographic lineaments (Sim et al., 1995). It was suggested that the
NW-SE compression dominates the western half of Lithuania, whereas NE-SW and N-E
compression is measured in the eastern half, including south Lithuania.

Two stress field provinces were confirmed by the comparative study of the triangulation
and all-Lithuanian GPS networks (Šliaupa, Zakarevičius, 2000). Repeated GPS measurements
of the high-quality network around the Ignalina NPP reveal NNW-SSE compression that is
influenced by the Drūkšiai fault zone (Zakarevičius et al., 2005).

Two focal mechanism solutions are provided for respectively the Osmussaare (Estonia,
1976) and Kaliningrad (Russia, 2004) earthquakes. The former indicates NW-SE compression
(Grunthal, Stromeyer, 1996). The similar stress field is calculated for the Kaliningrad
earthquake 2004-09-21 (Fig. 2.7.1). The orientation of the tectonic compression is 348 ° (NNW-
SSE), it affected the WNW-ESE (297 °) trending fault inclined at 80 ° that was moved in strike-
slip sense with some reverse faulting component.

Accordingly, the NW-SE tectonic horizontal compression is suggested in the western
half of Lithuania, whereas N-E (NE-SW) compression is expected in the eastern half of
Lithuania (including study area). These provinces are confined respectively to the West
Lithuanian Granulite Domain and East Lithuanian Belt separated by the Middle Lithuanian
suture zone. A coincidence of the boundary between these two stress field provinces with the
zone of the crustal weakness is explained in terms of exertion of the strain along this zone.

Kaliningrad
earthquake

Figure: 2.7.1. Interpretation of the focal mechanism of the Kaliningrad earthquake, 2004-09-21

2.8. Hydrogeology of crystalline basement
Hydrogeologically the territory of Lithuania belongs to the Baltic artesian basin (BAB) that
occurs in the East European platform. The Baltic shield hedges the basin in the North and West.
The eastern boundary had been relatively defined near the lakes of Chudo and Pskov towards
the centre of Belarussian-Mozurian high. The southern boundary of the Baltic artesian basin
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does mach up to the platform edge faults. There are several structural elements, such as Baltic
depression, slant of Baltic shield, Belarussian-Mozurian high, defined in BAB.

Groundwater of BAB occurs in the sedimentary cover and in the fractured rocks of the
crystalline basement. The groundwater forming process depends on the mentioned structural
geological features as well as on the climate conditions, relief and river drainage of the region.
Rainfall is the main source of the groundwater recharge. Annual precipitation makes 500-
930 mm/year in Lithuania. However, only 5-30% of total rainfall could reach the shallow
groundwater level. Relief and river drainage are important for the vertical groundwater
exchange in the upper aquifers of artesian basin (Juodkazis, 1979). Structural features are more
important for the groundwater forming process in the deeper aquifers of the basin. Five
structural hydrogeological stages of BAB are distinguished as:

1) Quaternary;
2) Cainozoic-Mesozoic;
3) Upper and Middle Palaeozoic;
4) Middle and Lower Palaeozoic;
5) Lower Palaeozoic - Upper Protherozoic.

Specific hydrodynamic, hydrochemical and groundwater forming conditions are
characteristic to each stage.

2.8.1. Regional overview

Hydrogeological situation of Southern Lithuania had been analysed as the region of occurrence
of crystalline basement in potentially suitable geological conditions (depth not more than
700 m). Data from digital geological information system of LGT and literature sources had been
used for the analysis.

Deposits of different age and genesis occur in the geological - hydrogeological cross-
section of South Lithuania. Hydraulic properties of the deposits are different depending on
porosity, fracturing, layering and formation conditions. Groundwater accumulated in different
deposits is forming the joint hydrodynamic system of sedimentary cover and crystalline rocks in
the southeastern part of the region. Layers of all major hydrogeological stages consist mostly of
water-bearing deposits there. Several low permeability layers occur in the cross-section of
different parts of the region (Figs. 2.8.1.1, 2.8.1.2 and 2.8.1.4). Such layers are: Lower Triassic
clays, Middle Devonian clays and lower Cambrian shales. Lower Triassic clays form the
aquitard in western and southwestern part of the studied region (Fig. 2.8.1.5). Middle Devonian
clays become more significant in central and northwestern part, and Lower Cambrian shales
make the aquitard in Northern and northeastern part of the region (Fig. 2.8.1.4).
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SCHEME OF CROSS-SECTIONS LOCATION

LEGEND

Y/Jj Quaternary cover, Q

I I Palaeogene aquifer, Pg

I 1 Upper Cretaceous aquifer, K2

(;•'•: 1 Upper Cretaceous Cenomanian - Lower Cretaceous aquifer, Kjcm

(. i Jurassic aquifer complex, J

t J Triassic aquitard, T

E£3 Permian aquifer, P

E 3 Middle Devonian Narva aquitard, D2nr

L_ J Silurian - Upper and Middle Ordovician aquifer complex, S+O3.2

I. I Lower Ordovician - Cambrian aquifer complex, O,+CM
f—I Lower Cambrian aquitard, CM,
023 Cambrian-Vendian aquifer complex, CM+VD

m Proterozoic-Archaen aquifer, PR+AR

GROUNDWATER LEVEL AND HYDRAULIC HEAD OF AQUIFERS AND AQUIFER COMPLEXES

I " ~ - - ^ _ Upper Cretaceous and Palaeogene aquifer, Kj+Pg J " " - • Silurian - Upper and Middle Ordovician, S + O M

J
Upper Cretaceous and Palaeogene aquifer, Kj+Pg

Upper Cretaceous Cenomanian - Lower Cretaceous

"and Jurassic, Kjcm+K,+J

Permian, P

J - - ,ower Ordovician - Cambrian, O,+CM

Cambrian-Vendian and Proterozoic-Archaen,
CM+VD+PR+AR

Figure: 2.8.1.1. Legend and location of hydrogeological cross-sections
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Figure: 2.8.1.2. Hydrogeological cross-section I-I
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Hydrogeological cross-section 11—11

19W1

Figure: 2.8.1.3. Hydrogeological cross-section II—II

Hydrogeological cross-section Ill-Il l

Figure: 2.8.1.4. Hydrogeological cross-section III—III
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Thickness, m

<40, 40-80; 80-120; 120-160, ^ H 160-200, >200,

- boundary of layer occurrence, - altitude of occurrence, m.

Figure: 2.8.1.5. Triassic aquitard

Hydrogeological investigations were mostly focused on the aquifers during last several
decades in Lithuania. Accordingly the aquifers of South Lithuania region are presented in more
detail bellow.

2.8.2. Quaternary hydrogeological stage

Quaternary deposits (glacial till, various sands, gravels, clays) occur at the land surface and form the
uppermost part of geological section of the region. Total thickness of these deposits varies from 83
to 255 m (average thickness is 145 m). The smallest thickness is characteristic to the Northern part
of the region. Quaternary deposits of maximal thickness occur in the highlands of the studied region.

There are six aquifers (shallow groundwater layer and five artesian layers) in the
Quaternary cover. Shallow (unconfined) groundwater occurs at 1 m. depth in the lowlands and at
more than 10 m depth in the sandy highlands. Artesian Quaternary aquifers occur in the inter-
glacial sands and gravels. Piesometric level and hydraulic properties of Quaternary aquifers are
different and depend on the complexity of the geological structure. Groundwater of the Quaternary
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aquifers is fresh (TDS <1 g/1), its total hardness varies from 4 to 7 mg-ekv/1, and pH is about 7.5.
Ions of hydrocarbon and calcium prevail in the hydrochemical composition of water.

2.8.3. Cainozoic-Mesozoic hydrogeological stage

Palaeogene, Upper Cretaceous, Cenomanian - Lower Cretaceous, Upper Jurassic Oxfordian and
Upper Jurassic Kellovean aquifers and Triassic deposits belong to the Cainozoic-Mesozoic
stage in some parts of the studied region.

Upper Cretaceous aquifer occurs in the southwestern part of the region (Fig. 2.8.1.2).
It consists of chalk, marl, and sand. The top of the aquifer dips from the altitude of 50 m a.s.l.
to the -40 mb.s.l. Thickness of the aquifer varies from several meters to 136 m in the
southernmost area. Groundwater level of the aquifer varies between the altitudes of 44 and
166 m a.s.l. (Fig. 2.8.1.2). Specific yield varies from 0.1 to 2 1/s, permeability- from 1 to
260 m2/d. Fresh groundwater prevail in the aquifer except several anomalies in the valley of the
river Nemunas.

Cenomanian - Lower Cretaceous aquifer occurs in more than a hall'of the area of the
studied region. It consists of glauconitic sands, sandstones and siltstones. Aquifer is dipping to
the south and southwest and it's thickness reaches 100 m in the southwestern part of the region.
Altitude of groundwater level varies between 25 and 175 m a.s.l. and occurs above the land
surface in some areas (Fig. 2.8.1.2). Groundwater is fresh only near the occurrence boundaries
of the aquifer and its salinity becomes higher in the rest part of the aquifer.

Jurassic aquifer complex (all Jurassic aquifers) occurs in a quite small part of the
studied region (Fig. 2.8.3.1) and consists of sands, sandstones with interlayers of dolomite, clay
and silt. Aquifer dips to the South and West. It's thickness reaches 120 m in the western corner
of the region. Piesometric level of groundwater between the altitudes of 35 and -10 m. Specific
yield of the aquifer varies from 0.045 to 0.206 1/s. Permeability coefficient varies between 7 and
31 m2/d. Salinity of the groundwater is lower near the occurrence boundaries and reaches more
than 10 g/1 in the central part of the aquifer.

Triassic deposits are quite sandy and make an aquifer in some areas. Groundwater
occurs in the intercalation of marl, clay, sand and sandstone. Thickness of the water-bearing
Triassic deposits can even reach 50 m.
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Total thickness of the complex, m

| | <20; Q 20-40;[^] 40-60; Q 60-80; ̂  80-100 j | | >100;

__^A<5 - altitude of occurrence; / ^ ^ * - altitude of groundwater level.

Figure: 2.8.3.1. Jurassic aquifer complex

2.8.4. Upper and Middle Palaeozoic hydrogeoiogical stage

Layers of the stage are:

• Permian aquifer;
• Upper and Middle Devonian aquifer complex;
• Middle Devonian Narva aquitard.
Permian aquifer occurs mostly in the northern and northwestern part of the region. It

consists of fractured limestone and dolomite. The top of the aquifer occurs from a depth of
145 m to a depth of 674 m. It dips to the west and southwest. Thickness of the aquifer reaches
103 m in the southwestern part of the region. Groundwater level occurs between the altitudes of
42 and 129 m. Specific yield of the aquifer varies from 0.2 to 2.4 1/s. Permeability varies
between 2 and 366 m /d. Salinity of groundwater reaches 50 g/1. Sodium and chloride ions
prevail in the hydrochemical composition of the water.
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Upper and middle Devonian aquifer complex occurs only in the northernmost edge of
the studied region. It consists of various sands and sandstones. Aquifers were not analysed
because of their insignificant area of occurrence and thickness in the studied region.

Middle Devonian Narva aquitard occurs in the northern part of the South Lithuania
region. It consists if clay, clayey dolomite, marl, sandstone, siltstone and make the lower
boundary of hydrogeological stage. Aquitard occurs between the altitudes of 39 and -178 m.
Thickness of Narva deposits varies from 3 to 41 m. The layer dips to the west and northwest.

2.8.5. Middle and Lower Palaeozoic hydrogeological stage

Layers of the stage are (Fig. 2.8.1.3):

• Middle-Lower Devonian aquifer complex;
• Silurian - Upper and Middle Ordovician aquifer complex;
• Lower Ordovician - Cambrian aquifer complex;
• Lower Cambrian aquitard.

Middle—Lower Devonian aquifer complex occurs in the northern part of the studied region. It
consists of fine-grained sands, sandstones with the interlayers of silt, clay, clayey dolomite and
marl. Depth of the complex varies from 188 to 226 m. It dips to the west and northwest. Thickness
of the complex reaches 148 m in the western part of the region (Fig. 2.8.5.1). Specific yield of the
complex could be from 0.026 to 1.22 1/s; permeability varies between 4 and 180 m2/d.

Total thickness of the complex, m

<20, | | 20-40, | ~| 40-60, p | 60-80,[| | |«| 80-100;^J

-altitude of occurrence; ^s" - altitude of groundwater level

>120,

Figure: 2.8.5.1. Middle-Lower Devonian aquifer complex
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Silurian - Upper and Middle Ordovician aquifer complex occurs in all the studied
region territory except the southernmost edge. It consists of dolomite, limestone, clayey marl
and marl. Complex occurs at the depth between 90 and 411 m. It dips to the west and northwest.
Thickness of the complex reaches 390 m in the northwestern part of the studied region. Altitude
of groundwater level varies between 91 and 212 m a.s.l. The lowest level is characteristic to the
northern part and rises to the south-east. Specific yield of the complex aquifers varies from
0.002 to 0.296 1/s and permeability is less than 44 m2/d. Salinity of groundwater is low only near
the boundaries of complex occurrence and rises up to 50 g/1 in the thicker part.

Lower Ordovician - Cambrian aquifer complex occurs in the similar are like the
above-mentioned complex. It consists of dolomite, limestone, marl, sand, sandstone and siltstone.
Depth of the complex is from 232 to 804 m. It dips to the west. Thickness reaches 136 m in the
western part of the region. Groundwater level varies between the altitudes of 80 and 125 m a.s.l.
Specific yield of the complex varies from 0.035 to 0.25 1/s, and permeability is less than 40 m2/d.
The salinity of the groundwater could be from 0.6 g/1 near the boundary of occurrence, to more
than 50 g/1 in the north.

Lower Cambrian aquitard occurs in the northern and northeastern part of the studied
region. It consists of blue clayey shale, silt and clay. (Fig. 2.8.1.4) Depthe of the layer varies
from 204 to 703 m. Altitudes of occurrence are between -14.7 m (in the south) and -1000 m (in
the northwestern part of the region).Thickness of the aquitard is several meters near the
boundary of occurrence and becomes quite large (up to 230 m) in the southeastern part of the
region.

Cambrian and Cambrian - Vendian aquifer complex consists of sandy deposits. It
occurs in all the area of the studied region at the depth between 92 and 1067 m. Complex is
dipping to the east. Its thickness reaches 300 m in the eastern part of the studied region. Specific
yield of the complex varies between 0.006 and 0.25 1/s, and permeability could be from 1 to
35 m2/d. Complex has strong hydraulic connection with Protherozoic- Archaean aquifer that
occurs bellow. Therefore, groundwater levels of these two systems are similar. Altitude of
groundwater level is about 10 m a.s.l. in the southwestern part and more than 110 m a.s.l. in the
northeast. Salinity of the groundwater is low (0.3-0.5 g/1), where complex occurs in smaller depth,
and can reach 100 g/1 deeper.

2.8.6. Weathering of basement rocks

The basement rocks are overlain by the sediments that were deposited at different stages of the
basin evolution. Accordingly, the crystalline rocks were exposed to denudation and weathering
for different time intervals under various climate conditions. Commonly, the upper part of the
basement is weathered. The composition of the weathered crust varies significantly, that is
related to the composition of the basement rocks and physical-chemical exogenic conditions.
The weathered part of the crystalline basement forms the aquifer

The Map of the Thickness of the Weathering of the Crystalline Basement of South
Lithuania based on drilling data was compiled that is aimed at recognition of the degree of
disintegration of the basement rocks that often is controlled by tectonic factor, in other words,
the more rock is tectonised the more it is weathered (more intense water flow, larger active
surface volume, etc.). The other factors also contribute to the thickness variations of the
basement rocks, such as rock lithologies (granites are more resistant to weathering than are
mafic rocks), weathering conditions (climate, surface inclination, etc.).

A rather regular distribution of the weathering thickness is documented in south
Lithuania.
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Figure: 2.8.6.1. Thickness of weathering crust of crystalline basement of south Lithuania

Thickness: 0-lm - grey, l-5m - blue, 5-10m - green, 10-20m - yellow, > 20m - pink

The lowest degree of the weathering is identified in the southwestern corner of south
Lithuania. In most cases the depth of penetration of weathering does not exceed 1 m, in some
wells it is in the range of 1-5 m. In most of the studied territory the thickness of the weathering
is of the order of 5-10 m. In the central part of the discussed area W-E tending zone of
increased weathering is documented, the thickness of the weathering crust is in the range of 10-
20 m. To the south of this belt, the low-intensity weathering zone is defined, the thickness of the
weathering is 0-5 m. Some anomalous weathering is documented in some wells, the intense
weathering penetrates into the basement for more than 20 metres. They are commonly confined
to the tectonized rocks that implies association with faulted zones.

2.8.7. Proterozoic-Archaean aquifer

Proterozoic-Archaean aquifer occurs in all the area of studied region (Fig. 2.8.7.1). It
consists of fractured crystalline rocks. Groundwater is accumulated in weathering and tectonic
fractures. Aquifer occurs at the depth from 300 m (south-eastern part) to more than ''60 m
(north-western part). Permeability of the aquifer could reach 50 m2/d, and specific yield could
be between 0.25 and 0.35 1/s. Salinity of groundwater is lower than 1 g/1 in the southeast and
could reach 100 g/1 in the deep occurrence areas. Sodium and chloride ions prevail in the
hydrochemical composition of groundwater.

Values of hydrogeological parameters from archive data were analysed statistically.
Average, maximal and minimal values are presented in table 2.8.7.1.
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.4(10 - altitude of occurence; - altitude of groundwater level.

Figure: 2.8.7.1. Proterozoic-Archaean aquifer

Table 2.8.7.1. Hydrogeological parameters from archive data

No. Parameter Maximal value Minimal value Average Number of
records

Hydrogeological parameters
1.
2.
3.

Yield, 1/s
Specific yield, 1/s
Hydraulic
conductivity, m/s

37.7
1.5
4.38E-5

1.2
1.0
2.31E-7

4.46
0.24
6.92E-6

21
22
8

2.9. Geothermal conditions
Temperature of the hosting rocks is an important factor to be considered for RW disposal. The
temperature was measured in 10 wells of south Lithuania (Table 2, 3). The thermal logs were
performed in the deep geological mapping wells drilled during late sixties-early nineties.
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The temperatures at the top of the basement are in the range of 14-19 °C; they grow
higher to the north-west with increasing depth (Fig. 2.9.1). In the south-east and south
westernmost extreme the temperature is less than 15 °C. In most of the territory at the depths
less than 700 m the temperature is 15-19 °C.

Table 2.9.1. Present temperatures at the top of the crystalline basement of South Lithuania

Well

Lazdijai-2
Lazdijai-29
Lazdijai-30
Lazdijai-5
Lazdijai-6
Marcinkonys-2
Varena-978
Varena-981
Varena-982

Elongitude

234020
235508
232940
233915
232546
241349
243555
243309
243306

NJatitude

540920
540045
541056
540436
541438
535816
541248
541213
541204

Depth of
basement (m)

500
512.4
567

409.5
730

264.5
332

291.5
299

Temperature °C

16.9
18.4
19

14.2
18.6
15.8
15.6
14.3
11.2

The temperature changes more significantly in the north-west (the geothermal boundary
roughly coincides with the isotherm 20 °C) that is accounted to not only deeper burial, but also
increase in the heat flow reflecting a transition between the East Lithuanian Belt and West
Lithuanian Granulite domain. The lower heat flow (38^2 mW/m2) of the southeast Lithuania is
mainly related to low radiogenic potential of crustal lithologies compared to the western gnmulite
domain (heat flow in the central Lithuania ranges from 50 to 75 mW/m2) (Sliaupa, Rasteniene,
2001). Also, some cooling effect may take place as the south-eastern part of Lithuania coincides
with the recharge area.

Figure: 2.9.1. Temperatures (°C) of the top of the crystalline basement of South Lithuania

The geothermal gradient of the sedimentary cover averages 2.5 °C/100 m, varying from
1.7-2 °C/100m to 3-3.46 °C/100 m.
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Table 2.9.2. Present geothermal gradients of the sedimentary cover overlying the crystalline
basement of south Lithuania

Well
Lazdijai-2
Lazdijai-29
Lazdijai-30
Lazdijai-5
Lazdijai-6
Marcinkonys-2
Varėna-978
Varėna-981
Varėna-982
Vilnius

Gradient, °C/100 m
2.2

2.59
2.32

2
1.71
4.1

3.46
3.20
1.77
2.09

No thermal conductivity measurements were performed in crystalline basement rocks of
south Lithuania. The only measurements available were obtained from the well Vydmantai-1 in
west Lithuania, where the estimated thermal conductivity of the granulites is in the range of 2.1-
2.2 uW/m2. The similar values may be accepted for the eastern Lithuanian rocks. Assuming the
average thermal conductivity 2.5 uW/m2 of the basement lithologies and heat flow 40 mW/m2,
the average geothermal gradient is calculated as low as 1.6 °C/100 m. It implies that the hosting
rock temperatures do not, or only slightly exceed 20 °C.

2.10. Conclusions
The crystalline basement of Lithuania is similar to that that crops out in the Fennoscandian and
Canadian shields, where they are considered as the prospective formation for disposal of
radioactive waste. By contrast to these territories, the crystalline rocks (often collectively named
"granites") are covered by sedimentary pile in Lithuania. It makes excavations as well as
exploration much more complicated, but basic strategies remain similar.

In terms of depth, only southern and eastern parts of Lithuania are considered to be
prospective for disposal of RW in the basement rocks, where they are buried under sediments of
thickness less than 700 m. As far the exploration risk is an important factor to be considered, the
knowledge of the basement geology is an essential. Accordingly, the prospective area is
narrowed to south Lithuania (200 wells along with detailed mapping of the gravity and magnetic
fields provide rather good knowledge of the basement rocks).

The south Lithuania comprises different rock types of the crystalline basement, such as
migmatites containing scarce remnants of supracrustals (gneisses, amphibolites), mafic and
felsic intrusions, cratonic (anorogenic) granitoids, and other minor lithologies. The fracturing
(faulting) and shearing of the basement rocks is the main parameter controlling the permeability
for fluid flow. A wide spectrum of tectonic rock fabrics is documented in the drill cores that are
related to different scale faulted zones. The temperature of the basement top does not or only
slightly exceed 20 °C within the prospective depth range.

A rather dense network of the faults is defined in south Lithuania. Still, large enough
blocks are defined that show no or little tectonic damage and therefore are suitable for RW
repository (nontectonised blocks of order of 10x10 km are defined. The eastern part of south
Lithuania seems to be tectonized to a higher degree than the western part, and therefore is
considered to be of higher prospect for RW repository exploration.
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The definition of structures is based on interpretation of the potential fields mapped at
the scale of 1:50 000. Therefore it is possible to define only rather significant faulted structures.
Still, this method shows high potential and can be recommended for exploration (as a first step)
of prospective sites.

The most prospective rock types are represented by cratonic (anorogenic) granitoid
intrusions that in some places compose rather large massifs. These rocks are the least damaged
by tectonic activity. Furthermore, the lithology variations at short distances are only minor that
makes exploration much easier. Yet, other rock types (gneisses, mafic intrusions, migmatites)
compose someplace only weakly fractured blocks that also may be prospective for repository.

Judging from very low seismic activity the south Lithuania is affected by very low
tectonic stress that should not affect the tunneling engineering. Still, no instrumental
observations of the stress field are available for this territory.

The hydrogeological well tests indicate that tectonized zones are water saturated,
whereas homogeneous blocks are water-prove. Salinity of the formation water does not exceed
30 g/1 (except some rare anomalies) that is favourable for engineered barriers. The water flow
field of the basement is not well understood as yet. Still, with some modifications principle
schemes developed in aforementioned shields may be applied with appropriate modifications.
Furthermore, the hydrogeological conditions of the overlying sediments should also be taken
into consideration.

The tectonic shear zones have lower strength than the non-tectonized rocks. Essentially,
the tensile strength is low. The best prospects (strongest rocks) in South Lithuania are related to
the anorogenic granites, essentially the fine-grained varieties.

The hydrogeological conditions of investigated area are very complex, because five
structural hydrogeological stages of Baltic artesian basin occur in Southern Lithuania:
Quaternary, Cainozoic-Mesozoic, Upper and Middle Palaeozoic, Middle and Lower Palaeozoic,
Lower Palaeozoic - Upper Protherozoic. Specific hydrodynamic, hydrochemical and
groundwater forming conditions are characteristic to each stage. Hydrogeological investigations
of the last several decades were mostly focused on the aquifers however aquitards are not well
investigated yet.
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