Vilnius
2016

1

Geological factors for investments in Lithuania

TABLE OF CONTENTS

Introduction ............................................................................................................................................... 3
Ow nership of subsurface ........................................................................................................................... 4
Landscape .................................................................................................................................................. 4
Climate and soils ....................................................................................................................................... 5
General geological setting .......................................................................................................................... 7
Groundwater ............................................................................................................................................. 7
Geotermal potencial ................................................................................................................................. 8
Seismicity ................................................................................................................................................. 11
Remediation of contaminated sites ......................................................................................................... 13
Conventional hydrocarbon potential ...................................................................................................... 14
Unonventional hydrocarbon potential .................................................................................................... 15
M ineral resources .................................................................................................................................... 16
Amber ...................................................................................................................................................... 17

© Lithuanian Geological Survey, 2016

2

Geological factors for investments in Lithuania

Introduction
Geological factors for investments in Lithuania
This booklet outlines main practical aspects of geological environment of Lithuania: relief, soils,
groundwater, subsurface structure, geothermal potential, seismicity, quality of geological
environment, minerals and hydrocarbons.
Lithuania has hudge resources of fresh and mineral groundwater (100 % of potable water is
groundwater), soils are less affected by spread contamination of heavy metals as compared with most
of European countries, low seismicity and local occurrence of geohazards, stable grounds and good
engineering geological conditions. Considerable progress is achieved in evaluation and remediation of
point sources of historical contamination (mainly by oil products).
There is still undeveloped big potential of geothermal (both hydro- and petro-) energy and
hydrocarbons, particularly in the offshore of the Baltic sea. M ineral resources and conditions of
extraction are favorable for development of construction (aggregates, limestone and clay), chemistry
(e.g. anhydrite, quartz sand), fertilizers (sapropel and peat) and other industries (e.g. amber).

Source of information about Lithuania subsurface: Lithuanian Geological Survey (Lietuvos geologijos
tarnyba)
Address: w w w.lgt.lt, S. Konarskio st r. 35, Vilnius
Co piled
: Satkū as J., Gregorauskie ė V., Lazauskie ė J., Balakauskas L., Pačėsa A., Kadū as K.,
Radie ė R.
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Ownership of subsurface
In Lithuania, the subsurface belong by right of exclusive ow nership to the State according to the
Constitution and the Underground Law. Surficial soil (arable layer) belongs to the land ow ner.
M inistry of Environment of the Republic of Lithuania forms the subsurface resource use and
protection policy and coordinating its implementation. Lithuanian Geological Survey (LGT) participates in
the state subsurface policy making, organizes and executes geological investigations of the State,
regulates and controls the use of underground, manages the system of State geological information.
Those public administration bodies are the main institutions of the underground sector regulation.

Landscape
The Lithuanian topography is formed during Quaternary glaciations and postglacial processes. The
Quaternary formation is 130 m thick in average and is composed of glacial tills (70 %) and glaciofluvial
and glaciolacustrine sands, gravels and clays (28 %).
Low lands below 100 m absolute altitude pravail and only 20 % of territory is composed by hilly
morainic highlands w ith highest points not exceeding 300 m above sea level.
The landscapes constitute very valuable and spectacular geomorphological complexes formed during
the Last, and partly – pre-Last continental glaciations. Geomorphology of Lithuania demonstrates
erosional and depositional processes of ice sheets, subsequent erosional and depositional action of the
melt-waters and postglacial aeolian, lacustrine, alluvial proceses. The features of geodiversity are closely
related w ith archeological-historical heritage, cultural landscapes and ecosystems.
From the point of view of engineering geology the grounds of are very suitable for constructions
(except boggy grounds). Hazardous geological processes (karst, suffosion and slope deformations) occur
only locally. M ap of the recent vertical movements of the earth’s crust for Lithuania displays values from
- 3.5 to 2.5 mm per year.

Fig. 1. Pat t ern of glacial topography
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Climate and soils
The parent material of Lithuanian soils is the Quaternary deposits of the last and penultimate
glaciations. Sediments consist of glacial loam and sandy loam (42 %), glaciofluvial sand and gravel
(40 %), and glaciolacustrine clay (4 %). Some areas are covered by organic deposits, mainly peat.
The climate is boreal t o t emperat e, determined by continental and coastal factors. The average
o
annual temperature is around +6 C and the average annual precipitation 620 mm; the amount of
precipitation exceeds 1.5 times the amount of evaporated w ater. The snow period is betw een 2 and 4
months, during w hich the soil is often frozen to a dept h betw een 80 and 120 cm.
The natural vegetation are primary broad-leafed deciduous – coniferous mixed forest s w hich remain
only on protected areas, w hereas the rest of the land w as ploughed at least once a century. The smallleafed deciduous secondary forests are spread now among some of the arable fields.
The main soil groups according to the Revised Legend of the FAO-UNESCO Soil M ap of the World are
Albeluvisols (28.15 %), Luvisols (23.05 %), Arenosols (13.19 %), Podzols (10.37 %), Cambisols (8.78 %),
Histosols, (6.37 %) and Gleysols (5.34 %).
The main part of the land (53 %) is used for agriculture, 34 % are forested areas, 4 % inland w ater
bodies, 1 % w etlands and natural meadow s; all the industrial, urban and transport activity takes 4.8 % of
land. On the agricultural land mainly cereal crop is cultivated (73 %), w hile 11 % is covered by seminatural grazing meadow s.
The effect of gentle slopes, the coarse texture of soil forming material and very intensive ploughing
caused erosion on 44 % of the territory; 19.5 % is affected by w eak erosion; 1.7 % is strongly eroded.
Wind erosion affects 3 % of the land and is only significant at the seashore and sporadically in the southeastern sandy plain.
The same soil forming factors stimulate a strong depletion of soil organic matter. The content of total
soil organic (SOC) carbon ranges betw een 0.07–3.8 % (median 1.27) in mineral arable soils, w hile the
content of total organic material ranges betw een 1.5–13.2 % (median 4). According to state soil
monitoring data 11 % of soil has SOC values (< 1 %) that are critical to maintain an optimum crop
production w hile 62 % of the soil has t oo low SOC values (< 2 %) to maintain a soil aggregate stability.
According to agrochemical data 18.7 % of arable soils are acid (pH  5.5) of w hich 1.5 % are very acid
(pH  4.5), 7.0 % are medium acid (pH 4.6– 5.0) and 10.2 % show low acidity. The acidity of arable soils is
getting higher through decreased liming.
Because of an excess of precipitation and a low relief more than half of the soils are permanently or
temporarily saturated with shallow groundw ater or stagnant w ater; strong gleyic properties occur and
42 % of land is drained. Consequently, about 90 % of total agricultural production is gained on drained
land.
In Lithuania, all the soil protecting measures are implemented according to various EU Directives,
such as 86/ 278/ EEC, 2004/ 35/ EC, 80/ 68EEC and GAP-CAP programs. Lithuanian Geological Survey
carries out geochemical mapping and monitoring of soils.
According to the geochemical data the impact of human activities in Lithuania is very low (Fig. 2).
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Fig. 2. Load of element s (S, As, Sb, Pb, Hg) in t opsoil of Lit huania is much lower comparing w it h many ot her
European count ries and indicates low er diffuse soil contamination (W. De Vos, T.Tarvainen, ed., Geochemical At las
of Europe. Part 2. Int erpret ation of Geochemical M aps, Additional Tables, Figures, M aps, and dated Publications,
Espoo, 2006)
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General geological setting
Lithuania is located in the Baltic Sedimentary Basin, in the south-w estern part of the East European
Craton. M ore than 1.5 Ga geological history is recorded in the sedimentary cover over the territory.
2100–2300 m thick sedimentary cover is composed of all Phanerozoic systems indicating long-termed
subsidence history. The sediments are representing all geological systems from the Riphean–Vendian to
Quaternary (Fig.3). E–W cross-section through Lithuania show s SW deepening of the sedimentary strata
from 200 m in the east, 1 km in central Lithuania, w hile thickness of the sedimentary cover exceeds 2 km
the Baltic Sea offshore; the most complete section is recorded in w estern Lithuania onshore.
The Baltic Basin lacks major tectonic deformations – some normal faulting of the Low er Paleozoic
sedimentary strata is recorded partly induced during flexure of the lower plate in front of the Caledonian
orogen. The area was not subjected to intense folding, and faulting was rather weak resulting in
establishment of low amplitude tectonic structures.

Fig. 3. E-W geological cross-sect ion through Lithuania

Groundwater

All potable w ater resources (100 %) in Lithuania are extracted only from groundw ater aquifers.
3
Evaluated available groundw ater resources in Lithuania are over 3.75 million m per day. It is about 6
times more comparing with current w ater extraction for drinking w ater supply. Approximately a half of
evaluated groundw ater resources is related to Quaternary deposits including alluvial sands. The last half
falls to bedrocks of Cretaceous, Permian and Devonian systems. The artesian groundw ater is generally
of good quality. Good chemical status in some groundw ater bodies is altered by natural saline w ater
intrusions, partly affected by groundw ater abstraction.
According to the Underground Law , the groundw ater bodies shall be explored, approved and
registered in the Subsurface Register that is managed by Lithuanian Geological Survey. Permission for
3
use of groundw ater is obligatory for all users w ho extract 10 m or more per day or supply groundw ater
to 50 or more natural persons. Permission for use of groundw ater are issued by Lithuanian Geological
Survey.
3
Permit for individual groundwater extraction (less than 10 m or more per day or supply groundwater
to less than 50 natural persons) is the passport of the groundwater w ell registered in the Subsurface
Register, managed by Lithuanian Geological Survey.
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The groundwater resources are protected from contamination by setting waterw orks (or single w ell)
protection zones in w hich human activity is strictly regulated.
Currently (June 2016), in the Subsurface Register there are registered over 2 100 waterw orks
(16 000 water w ells) for public water supply and 10 500 w ells for individual water supply.
M ineral water in Lithuania are w ide spread resource. The aquifers w ith different water salinity occur in
all territory of the country, in different depths different salinity water can be found. Preliminary resource
assessment show s that mineral water resources can be used for drinking and curative purposes can
3
reach about 7 million m per day.

Geothermal potential
Distribution of geothermal field in Lithuania is rather favorable for the production of geothermal
energy, compared w ith the neighboring countries. Extensive geothermal resources are found in Western,
and partly M iddle parts of Lithuania. This phenomenon is related to the occurrence of Western
Lithuanian geothermal anomaly, w here heat flow and temperatures are tw ice as high compared t o
adjacent territories (Fig. 4). Namely, average heat flow in Eastern Lithuania makes approximately
2
2
40 mW/ m , w hile in the Western Lithuania it ranges from 45–60 mW/ m in the periphery to more than
2
90 mW/ m in the central part of domain.

2

Fig. 4. Heat flow map in t he t erritory of Lithuania (mW/ m ; red dot s represent w ells; aft er Šliaupa, 2001)

Three different sources of geothermal energy could be distinguished in Lithuania: shallow geothermal
potential (3–10 °C), deep geothermal energy for heat supply (30–80 °C), and deep geothermal potential
that could be used for production of electricity (> 120 °C).
The major hydrothermal energy sources are related to the Low er Devonian aquifers (Fig. 5), w hile
Cambrian aquifers, w here temperature exceeds 80–90 °C, have rather limited occurrence in Western
Lithuania.
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The company „ Geoterma“ is geothermal heat suppl pla t 9. MW urre tl operati g i Klaipėda,
Lithuania, using mineralized water from the Low er Devonian aquifers. Highly mineralized aquifers of
Devonian and Cambrian age also have some potential of geothermal energy for balneological purposes.

Fig. 5. W-E cross-sect ion of Lithuania. Aquifers, that could be used as sources of geothermal energy, are depict ed in
cyan (compiled by S. Šliaupa)

The M iddle Proterozoic cratonic granitoid intrusions hosted by Low er Proterozoic highgrade
metamorphic and igneous rocks are considered as having the highest geotethermal (so called dry hot
rocks) potential in Lithuania, essentially in the Southw estern part. They show the increased heat flow
that correlates w ith the high heat production of those cratonic granitoids. Depth of the crystalline rocks
in Western Lithuania is approximately 2 km.
Geothermal investigations in Lithuania are being carried out during the last 30 years. Currently
Lithuanian Geological Survey posseses geothermal data from 200 cores in the territory of Lithuania. This
data includes top, bottom and average temperatures for each layer in the investigated wells, single
temperature measurements and thermograms (Fig. 6) as w ell as geothermal gradient diagrams and set
of temperature distribution maps at different depths and stratigraphic layers.
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PABALVE – 1

Geothermal gradient °C/100m
Fig. 6. Typical thermogram of w est Lithuanian w ell (aft er Šliaupa et al., 2008)
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Seismicity
The territory of Lithuania is situated in southern part of the East European Craton (EEC) (Fig. 7) and
has the low est seismic activity in w hole East Baltic Region (EBR). Actually, no single local earthquake was
recorded in the territory of Lithuania. Still, some historical events w ere located in close vicinity to the
Lithuanian border, namely: Bauska earthquake (M ~4.1, epicentral intensity VI–VII according to M SK-64)
of 1616, Daugavpils earthquake (M ~4.5, epicentral intensity VI–VII according to M SK-64) of 1908 (both
in Latvia) and Ostravec earthquake (M ~4.5, epicentral intensity up to VII according to M SK-64) of 1908
(Belarus). Trembling induced by Kaliningrad earthquakes (M W = 5.0 and M W = 5.2) in 2004 was felt in the
w hole territory of Lithuania and intensities w ere evaluated to be equal to V in w estern part of the
country and II–III in the eastern part of Lithuania.
EBR is reached only by seismic tremors generated by strong earthquakes from hypocentres located in
seismogenic zone of the Vrancea M ountains (Romania; distance to EBR is ca. 1300 km) three-four times
per century. The recent strong earthquakes occurred in Romania in 1940, 1977, 1986, and in 1990.
In 1940, a major earthquake (M = 7.3) in the Vrancea caused ground motions of intensity V in
southern part and of IV in northern part of EBR. In 1977, earthquake in Vrancea (M = 6.9) caused
trembling w ith intensity of IV in southern part and of III and II in northern part of EBR.
There w ere just a few seismic stations in EBR until Kaliningrad earthquakes in 2004. Later six new
broad band seismic stations w ere installed in this region. The seismic netw ork remains quite sparse but
seismic events w ith magnitudes M = 3 or large should be possible to record reliably. Four short-period
seismic stations w ere installed near Ignalina Nuclear Pow er Plant in 1999 and tw o new broad band
seismic stations w ere installed in 2012 on territory of Lithuania.
Seismic hazard map covering w hole Europe w as compiled in 2003 (Fig. 8). According to this map the
2
territory of Lithuania could be affected by ground shaking up to 20 cm/ s (expressed in PGA, horizontal
Peak Ground Acceleration) w ith 10 % of probability w ithin 50 year time period (return period 475 years).
In year 2015 a new seismic hazard map w as compiled by Lithuanian Geological Survey (Fig. 9). Influence
of both local seismic zones of EBR and distant Vrancea (Romania) seismic zone w ere evaluated. This
seismic hazard map revealed that the territory of Lithuania can be affected by ground shaking from 12
2
to 30 cm/ s in terms of PGA w ith 10 % probability w ithin 50 years. Seismological monitoring is carried
out by Lithuanian Geological Survey since 1999.

Fig. 7. Seismicit y of EBR: circles correspond to historical seismic event s (from ancient t imes until 1964), hexagons –
inst rumentally recorded eart hquakes (from 1964 unt il 2012)
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Fig. 8. Seismic hazard map (Jiménez et. al., 2003). Different coloring corresponds to horizontal PGA which can be
exceeded w ith 10 % of probability within 50 years (ret urn period 475 years)
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Fig. 9. Seismic hazard map of Lit huania and adjacent areas (Pacesa 2015). Contour lines indicat e horizontal PGA
w hich can be exceeded w ith 10 % of probabilit y wit hin 50 year t ime period

Remediation of contaminated sites
Since 1997 the Lithuanian Geological Survey (LGT) performs an inventory of potentially contaminated
sites (PCS). By the end of 2015, the Data base of PCS was maintaining information about more than
12,000 potentially contaminated sites. By the preliminary evaluation it was estimated that 30 % of
inventorised potentially contaminated sites are possibly environmentally hazardous and about 10 % are
extremely hazardous.
Inventory of PCS and preliminary assessment are very important, but to confirm or deny pollution,
investigations are required. In the years 2010–2015 ecogeological investigations – 250 preliminary and
100 detailed site assessments w ere carried out by LGT. The investigations w ere carried out in areas w ith
abandoned, inactive objects on national grounds, w hich threaten environment, health and distort the
landscape.
Successful completion of this project have resulted in determination of potentially contaminated and
contaminated territories in Lithuania, prioritization of sites for remediation. The results of the project w ill
be used for development of Contaminated Land M anagement Strategy and to plan financial resources
necessary for implementation.
The remediation plans for 50 most polluted sites are prepared. In most cases (80 %) only remediation
of polluted soil was planned, in 20 % of the cases, soil and groundwater w ere subjected to remediation
2
3
plans. Total area of sites for remediation – 77,673 m , t otal amount of soil to be remediated – 57,772 m ,
3
total groundwater to be remediated – 67,812 m . All cost of remediation amount to 17.13 million Euros.
Reports of the investigations and remediation plans performed during the project w ere presented to
the municipalities in w hich the contaminated site is located. M unicipalities, using the investigation
material, have the opportunity to prepare proposals and apply for financial means for remediation of
contaminated sites.
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Conventional hydrocarbon potential
Conventional hydrocarbon potential has been recorded in the Cambrian, Ordovician and Silurian
strata in w estern Lithuania.
Five oil companies are producing conventional oil from 15 onshore oil fields in the M iddle Cambrian
sandstones. Since year 1990, w hen production of conventional oil started, more than 4.3 million tons of
oil is produced w ith 2.4 millions of tons of explored recoverable resources remaining. Oil production
have peaked in the year 2001 w hen 471 thousands tones w ere produced and is gradually decreasing up
to 72 thousand t ones in 2015.

Fig. 10. M ap of the hydrocarbon licensing blocks and oil fields onshore in Lit huania
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Fig. 11. Pot ential convent ional oil deposit s (local st ruct ures) (red, yellow and green spot s) in Lithuanian offshore
exclusive economic zone

Unconventional hydrocarbon potential
Tw o potentially prospective formations for unconventional hydrocarbons could be distinguished in the
sedimentary cover, namely:
1. Upper Ordovician Fjacka & M ossen Formations,
2. Low er Silurian Formation – Llandovery-Wenlock shales.
The Upper Ordovician (total thickness 3–10 meters / 9.2–32 ft) comprises organic rich shale. The
Low er Silurian (500–750 meters / 1640–2460 ft. thick) comprise dark grey and black Landovery and
Wenlock clayey shale, dominated by finely laminated, locally bioturbed graptolitic shale w ith minor
limestone, siltstone beds.
Thickness of the Low er Silurian shale in Western Lithuania comprises 80–110 meters (262–360 ft.)
reaching 160 meters (524ft) locally. The burial depth of base of the Silurian varies from 2050 to
1400 meters (6725–4593 ft.).
The organic matter of the source rocks is predominantly of sapropel type II of marine origin and mixed
type II / III. Pyrolisis yields (32–76 (~ 100) kg HC / ton rock) suggest good hydrocarbon generation
potential. The amount of the total organic carbon varies from 0.2–3 % – 8–11 (19 %). M aximal TOC (up
to 17 %) have been recorded in 2–11 m t hick M iddle Llandovery “ sw eet-spot ” interval; TOC content
generally decreases upwards the section.
Landovery shales are clay-rich, an average values range from 28–59 vol. % (mean – 47 vol. %); the
minerological composition is dominated by chlorite, illite and mica and illite-smectite, kaolinite is rare.
Quartz content ranges from 18–34 vol. % (mean –30 vol. %), calcite and dolomite content ranges from
0.3–38 vol. % (mean – 10 vol. %); pyrite content (0.3–3.7 vol. %). Brittleness factor – 0.3–0.7 (mean –
0.46), suggesting moderately brittle to moderately ductile geo-mechanical properties of shales.
Thermal maturity of the organic matter increases south-w estwards from 0.6 % up to 1.94 % Ro
(Lazauski enė,
4) and ranges from immature in the Eastern part of Lithuania and to “ oil w indow ” in
the w estern Lithuania. Locally the anomalously high maturity of organic matter, most probably being
related to the locally increased paleo-temperatures. The thermal maturities ranging from 0.6 % to 1.4 %
(1.94 %) Ro imply range from early-oil to condensate, wet gas w indow maturities w ith predominant liquid
shale hydrocarbons generation potential.
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M ineral resources
Currently mining sector comprises extraction of aggregates and industrial rocks: dolomite, limestone,
clay, chalk marl, monomineral quartz sand, gravel, sand, peat and sapropel. There are prospected huge
deposits of iron ore, how ever its extraction is constrained by environmental factors and economically is
hardly feasible. Construction of anhydrite mine is in planning stage. There are deposits of amber, salt
rock and gaze.
In Lithuania, regarding subsurface permitting procedure (Fig. 12), in general can be identified these
stages:
I. According to the Underground Law, the subsurface resources and underground cavities shall be
explored and approved in accordance w ith the legal acts provisions.
II. Screening for an environmental impact assessment and (or) environmental impact assessment
according to the Proposed economic activity environmental impact assessment Law
requirements to the extractive (mining) industry.
III. Positive decision on planned economic activity allow s entity to submit application to competent
authority for issue permit to use subsurface resources.
IV. Spatial planning, also preparation of the extraction and reclamation plan according to Spatial
Planning Law and Environment minister order No. D1 – 145 / 2014 provisions.
Despite, that permitting procedures diagram seems to be simple, how ever some of the stages are
complex and costly of time and funds point of view. Applicants for aggregates, industrial minerals and
peat may start extraction w ithin 1.4–4 years. For valuable minerals, metal ores and monomineral quartz
sand another 1 year could be needed regarding additional procedures of tender. A permit to exploit the
resources of limestone, dolomite, chalk marl, gaize, gypsum, anhydrate, rock salt, clay, sand, gravel,
sapropel, peat and groundwater as w ell as underground thermal energy shall be issued w ithout a tender.

Fig. 12. Diagram of the mineral resources (except hydrocarbons) exploration and ext ract ion permit ting procedures
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Amber
In the territory of the present country of Lithuania industrial production of amber was carried out only
in the XIX century, w hen 2250 tons of amber in total w ere excavated in the Curonian lagoon. The
geological exploration of amber deposits in the Curonian lagoon was processed by the Lithuanian
Geological Survey in 1994. In the scope of this w ork 74 boreholes (diamet er 715 mm – 1000 mm, depth
7,4 m – 22,2 m) w ere drilled. Parallely, research regarding the impact of amber exploration on the
ecosystems of the Curonian lagoon was carried out by the Institutes of Geology and Ecology.
Amber exploration in the Curonian lagoon resulted in the delimitation of 4 perspective areas and a
preli i ar e plored deposit lose to Juodkra tė. I this deposit a er resources in the amount of
112 tons w ere estimated. Amber occurs under the cover of 1.8 m thick lagoon sediments in this deposit.
The depth of the lagoon is approximately 1.2 m, the average thickness of amber bearing sandy
sediments 1.7 m; the concentration of amber is 81 g/ m³. The size of th e Juodkra tė area deposit is
82 ha.
In the other prospected areas the amount of amber is approximately 230 tons. The distribution of
amber pieces according to their sizes: ø > 40 mm – 10 %; ø 40–20 mm – 30 %; ø 20–10 mm – 29 %;
ø < 10 mm – 31 %.

A te der of a

er e ploitatio i the Juodkra tė deposit was a

ou ed i

6.

Fig. 13 . Amber from the deposit in the Curonian lagoon obtained during geological explorat ion in 1992–1994

.
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For notes
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