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The Working Group on Drinking Water of the IUGS-GEM Commission
Leader Prof. I. Zektser
S E M I N A R

Use of Fresh Groundwater for Drinking Water Supply
of Population in Emergency situations
DATE: June 3–5, 2015
WORKSHOP VENUE: Vilnius University, Faculty of Natural Sciences.

M. K. Čiurlionio str. 21/27, Vilnius, Lithuania
WORKSHOP LANGUAGES: English, Russian

P R O G R A M M E
June 3. Arrival, informal meeting, ice-break party (16.00 h)
June 4. Agenda:
9.30 – Opening by Prof. Ken Howard, President of International Association of
Hydrogeologists & Jonas Satkunas, Director of Geological Survey of Lithuania
9.45–10.15 Use of groundwater for water supply of population in emergencies.
Prof. I. S. Zektser, Water Problems Institute of Russian Academy of Sciences
10.15–10.45 The role of fresh groundwater for drinking water supply of
population in emergency situations in Poland (Silesia). Lidia RazowskaJaworek, Ph. D. hydrogeologist Upper Silesian Branch of Stanisław DoktorowiczHrebnicki in Sosnowiec Polish Geological Institute – National Research Institute
10.45–11.15 Specificity of using groundwater in drinking water supply in
Azerbaijan. Dr. Adishirin Alakbarov, Azerbaijan
11.15–11.45 Threats to groundwater resources in case of accidents on surface
water sources. Dr. M. Gregorauskas, Vilnius University; Prof. A. Klimas, JSC
“Vilniaus Hidrogeologija“; Dr. J. Arustienė, Lithuanian Geological Survey
11.45–13.30 Lunch
13.30–18.00 Field trip: History of water supply in Vilnius – from springs to
centralized systems
18.00–20.00 Dinner. Hosted by Geological Survey of Lithuania
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June 5.
9.30–10.00 Drinking water supply and hydrogeological conditions of Croatia.
Dr. sc. Josip Terzić, dipl. ing. geol., Croatian Geological Survey, head of Department of
hydrogeology and engineering geology.
10.00–10.30 Use of groundwater in tsunami threatened coastal areas – lessons
learned. Prof. of Hydrogeology University of Toronto Scarborough (UTSC) Ken
Howard, President of IAH
10.30–11.00 Hydrochemistry of non-renovable groundwater resources in the
Baltic Artesian Basin. R. Mokrik and V. Samalavicius, Vilnius University.
11.00–11.30 Coffee break, sandwiches
11.30-12.00 Geological Hazard Prevention Measures Learned from the 2011
Earthquake off the Pacific Coast of Tohoku, Japan. Hisashi Nirei, IUGS-GEM
12.00–12.30 Estonian drinking water supply in emergency situations. Ms.
Kristiina Ojamae, Geological Survey of Estonia
13.00–13.30 Drilling execution and risks of groundwater outbursts: the map of
hydrogeological regioning of risks. P. Pūtys, Geological Survey of Lithuania
13.00–13.30 Conclusions of the seminar
13.30–16.00 Visit to training ground of Vilnius University and Kairenai
botanical garden.
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IUGS-GEM WORKING GROUP OF DRINKING WATER
TERMS OF REFERENCE
Background
At present the tendency of increase in groundwater use for public water supply is observed. This can
be explained by the well-known fact that groundwater, as a source of water supply, has some
advantages in comparison with surface water. Groundwater generally contains micro- and
macrocomponents needed for the human body, does not require expensive treatment; and is much
better protected from contamination. Groundwater resources are much less susceptible to seasonal
and long-term variations. They are usually located near water users. Groundwater is essentially the
only source of water supply in regions where surface water freezes or dries up. Groundwater is not
only natural resources but also an important component of the environment. Any changes in other
components of the environment such as atmospheric precipitation, evaporation, river runoff, etc.,
influence groundwater resources and quality. And vice versa variations in groundwater regime
especially due to the water withdrawal in large scales cause changes in landscapes, vegetation, sea
water intrusion, activization of karst processes.

Objectives


to analyze the existing experience of groundwater studying, use and protection in different
countries



to prepare the analytical review of modern state of groundwater use in different nature and
climatic and anthropogenous conditions



to improve the methodology of regional assessment and mapping of groundwater resources



to analyze existing case studies of the influence of groundwater withdrawal in large scales on
land subsidence, vegetation and activization of sea water intrusion into the coastal zone



to predict the changes of groundwater recharge in 21 century in different climatic scenarios

Working Group Committee
The Working Group Committee consists of:
Dr. Igor Zektser (Russia) – Chairman
Dr. Jonas Satkunas (Lithuania)
Dr. Qingcheng He (China)
Dr. Boris Borevskii (Russia)
Dr. Alexander Dzuba (Russia)
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LITHUANIA: SOME HISTORICAL FACTS
Lithuanians are a branch of the Balts whose settlement dates back to around 200 B.C. Lithuanian is
one of the oldest languages in Europe. The first written mention of Lithuania was in the Annales
Quedlinburgenses in 1009 A.D.
With the rise of the medieval lords in adjacent Prussia and Russia, Lithuania was constantly subject to
invasion and attempted conquest. As a result, a loose federation of Lithuanian tribes was formed in
the early Middle Ages. The FIRST LITHUANIAN STATE was established by the Grand Duke Mindaugas
in 1230. He converted to Christianity briefly and was crowned king of Lithuania in 1252. The Grand
Duke Gediminas, who reigned from 1316 to 1341, is credited with founding Vilnius at the confluence
of Neris and Vilnia rivers – and a dynasty that united Lithuania and Poland from 1386 until 1795.
Lithuania reached its height under the Grand Duke Vytautas the Great, who ruled from 1392 to 1430.
He strengthened the foundations for Europeanized and Catholic state. Driving back the Turks, he
extended the grand duchy almost to the Black Sea. In 1410, Vytautas and his cousin Jogaila, king of
Poland, decisively beat the German crusaders of the Teutonic Order in the great battle of Grünwald
(Žalgiris). He celebrated his victory in his magnificent red-brick castle on an island at Trakai.
At the Union of Lublin in 1569, the POLISH-LITHUANIAN KINGDOM was formally merged into a
commonwealth headed by a monarch. In 1579, the region's oldest university, Vilnius University, was
established by the Jesuits. It was one of the most important centers of the Counter-Reformation.
From 1501 the countries had one ruler, and in 1569 they agreed to have a common legislature and
an elective king.
The political union was induced by the threat of RUSSIAN CONQUEST, but provided little protection.
As a result of the partitions of Poland in 1772, 1793, and 1795, Lithuania became a part of Russia,
except for a small section awarded to Prussia. Lithuanians became a completely subject people, but
they staged large-scale nationalist insurrections in 1812, 1831, 1863, and 1905 most of Lithuania was
annexed by Russia in 1795. The new rulers tried to russify the country, closing Vilnius University and
banning the publication of Lithuanian books in the Latin alphabet. In the late 1900s, brutal
persecution and economic necessity forced thousands of Lithuanian to emigrate. In the late 19 th
century, national culture revived with great strength, reaching its height in the mystical paintings and
music of the great M. K. Čiurlionis was dead at 36 in 1911, but his magnificent work survives in
Kaunas.
The LITHUANIAN STATE WAS REESTABLISHED in 1918 after the defeats of Russia and Germany in
World War I. Trade and industry flourished. But in the beginning of 1919, following heavy fighting
between Poland, Russia and Lithuania, Poland annexed Vilnius, forcing Lithuania to transfer its
capital to Kaunas.
Lithuania was OCCUPIED BY THE SOVIETS in 1940 and then overrun by Nazi Germany in 1941. The
republic was briefly re-established in the interval between the two calamities, which saw tens of
thousands deported to Siberia and the near disappearance of the Jewich community in Hitler's "final
solution". The Soviets returned in 1944. Armed resistance against the Soviets continued for several
years after World War II, but even after more than 50 years under the Soviets, Lithuanians retained
the goal of independence. On March 11, 1990, the REPUBLIC WAS AGAIN PROCLAIMED. Soviet
intervention resulted in 14 unarmed civilians being killed at the TV tower in Vilnius. After the
Moscow putsch collapsed, Lithuania won international recognition and was admitted to the United
Nations on Sept. 17, 1991.
Lithuania's own currency, the litas, was reintroduced in 1993. Also in 1993, the last Russian soldier
left the country Lithuania became a member of the Council of Europe, in 2004 member of NATO, in
2005 member of EU.
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LITHUANIA: LANDSCAPE FORMATION
The landscape of Lithuania has been formed during the youngest geological period, the Quaternary,
which started about 1,67 million years BP. Continental glacials and melt water formed the main
forms of the present relief: plains, uplands, plateau and ridges. Relief formed by the Upper Nemunas
(Late Weichselian) Glaciation predominates in the territory of Lithuania. Only the Medininkai Upland
(with the highest hill in Lithuania – Aukštojas, 294 m) and Eišiškės Plateau that stretch in
Southeastern Lithuania is of previous Saalian age. All the most pronounced uplands and ridges on the
Lithuanian territory were formed in the marginal zone of the ice sheet. The central part of the former
glacials coincides with the plains and plateau that are well seen in the present relief. Most plains
have been reworked by streams of melt water (Southeastern Sandy Plain) and glaciolacustrine
basins. Aeolian activity initiated the formation of the continental dunes, which are common in the
areas of the former basins. Formation of the river valleys started at the end of the Weichselian
Glaciation also. The erosion processes hardly influenced the development of the relief, especially
during the earliest periods of the Post-Glacial.
The TOTAL THICKNESS OF THE QUATERNARY strata is unequal, but in the major part of Lithuania it
varies from 80 to 120 meters. In Northern Lithuania the thickness of Quaternary layers is a few
meters only; however, in the Uplands it reaches 200 meters and more. Glacial (40%) and glaciofluvial
(35%) deposits cover the biggest part of the surface of Lithuania. Up to 60% of the ground water used
for water supply as well as 98% of sand, clay and gravel resources come from these deposits.
Quaternary sediments cover all the territory of Lithuania and serve as the living environment for
man. Agriculture, engineering conditions, groundwater vulnerability, etc. are closely connected with
the surface deposits. The further development of the cultural landscape, economy and nature
protection are related with the regular detailed and scientifically well-grounded investigations of the
Quaternary environment.

Topography of Lithuania based on relief model of Lithuania

© Lithuanian Geological Survey
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VILNIUS CITY: THE TRACE OF A HISTORY
VILNIUS is the capital of the Republic of Lithuania. Naturally, it is the largest city in the country:
according to the data of 2015 the population of Vilnius is 540,000. Of them 63.2% are Lithuanians,
16.5% Poles, 12% Russians, 3.5% Byelorussians, 0.5% Jews and the remaining 4.3% comprising some
other nationalities.
Current area of Vilnius is 392 square kilometres. Buildings cover 20.2% of the city and the remaining
area is prevailed with the greenery (43.9%) and waters (2.1%).
The Old Town, historical centre of Vilnius, is one of the largest in Eastern Europe (360 ha). The most
valuable historic and cultural heritage is concentrated here. The buildings in the old town – there are
about 1.5 thousand of them – were built in a number of different centuries, therefore, it is a mixture
of all European architectural styles. Although Vilnius is often called a baroque city, here you will find
some buildings of gothic, renaissance and other styles. The main sights of the city are the Gediminas
Castle and the Cathedral Square, symbols of the capital. Their combination is also a gateway to the
historic centre of the capital. Because of its uniqueness, the Old Town of Vilnius was entered on the
UNESCO World Heritage List in 1994.
The establishment of the City of
Vilnius has a very popular legend.
Once upon a time the Grand Duke
of Lithuania Gediminas was hunting
in the holy woods of the Valley of
Šventaragis. Tired after the
successful day hunt the Grand Duke
settled for night there. He fell
asleep and had a dream. A huge
iron wolf was standing on top a hill
and the sound of hundreds of other
wolves inside it filled all surrounding fields and woods. Upon wake up, the Duke asked the pagan
priest Lizdeika to reveal the secret of the dream. And he told: “The iron wolf means a castle and a
town these will be established by the ruler on this site. The town will be the capital of the Lithuanian
lands and the dwelling of rulers and the glory of their deeds shall echo throughout the world”.
The capital was first
mentioned in the written
sources of the 12th century.
and in 1323 Vilnius was
named the city. Throughout
a couple of centuries it
became
a
constantly
growing and developing city.
Vilnius was open for
foreigners coming both from
the east and the west and
the strong communities of
Poles,
Russians,
Jews,
Germans, Karaimes, etc.
began to form here. Only
Moscow and St. Petersburg were larger than Vilnius at the beginning of the 19th century in the region
of Eastern Europe. The first university in the Grand Duchy of Lithuania in 1579 was established here.
It developed soon into an important scientific and cultural centre of Europe. Of course, political,
economic and social life was also in full swing here.
9
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WATER SUPPLY SYSTEM OF VILNIUS
V. Juodkazis, Vilnius University
Historical documents prove that the water supply system existed in Vilnius already in XV century.
Legal document, officially opening history of Vilnius water supply system, is certificate signed by The
Great Duke of Lithuania Alexander in 1501, granting Order of Jacobeans the right to use and supply
water to townspeople from Vingriai springs. Fresh water was supplied not only form Vingriai, but
Aušra gate and Missionaries springs too. In XVI–XIX cent. special lines with public wells for residents
already existed. Wealthier residents had individual water inlets installed. At the beginning wooden water
pipes were laid down, they were used till XIX cent, when replaced by metallic. Gravitational Vilnius
water supply system existed for 400 years. It supplied self-running water from springs to residential
areas (Fig. 1). So 500 years ago, same as today, groundwater was used for drinking water supply.

th

th

Fig. 1. Vilnius water supply system (16 –19
c. – according to historical
sources available)
The main water pipes lines
Springs (1 – Vingrių, 2 – Aušros vartų,
3 – Misionierių (Ziupronių))
Public wells

At the end of XIX cent. – beginning of XX cent. because of limited capacity of water supply system
(1500 m3/day) and shortage with water new sources were needed. After long debates in town’s
municipality, which source of water should be used – surface or groundwater, it was decided to
supply water from underground. First explorations in Sereikiškės park (formerly Bernardinai garden)
revealed sufficient resources of groundwater to supply town. At that time Vilnius had 150 Th.
residents. Water supply system was designed to provide 13000 m3/day for 200 000 residents (65 l
per day for person). The first well field, together with water supply station started operation in 1914.
During the early post war period (1946–1960) well fields were established without hydrogeological
investigations. So not all attempts (cases) were successful. It become obvious that to meet demands
of growing capital and its industry for fresh water, methodical investigations of groundwater
resources are needed. Situation was favourable: Geological Survey of Lithuania was re-established in
1957 starting investigations on groundwater resources, and group of specialists capable to lead
hydrogeological investigations graduated Vilnius University.
10
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Main feature of Vilnius landscape, forming recharge area is valley of river Neris. From the point of
QUATERNARY GEOLOGY Vilnius is located in unique situation – at very limit of the last (Weichselian)
glaciation. Hydrogeologically important are valleys of Vilnia and Vokė too. From each square
kilometre of Neris river basin 100–500 cubic meters of water runs to the river each day. Same
amount of precipitation infiltrate underground, in the highlands around valley renewing groundwater
resources. Such cycle enables to use abundant water resources for long time and it’s proved by
500 years of experience from Vilnius water supply system. There is one limitation – groundwater
should be protected from surface pollution.
The nature in the confluence of rivers Neris and Vilnia created not only picturesque landscape, but
also made favourable conditions for abundant groundwater resources to form. Almost all
groundwater suitable for public water supply is related with glacial deposits. During the period of
1,5 mln year’s glaciers three times moved to and retreated from Lithuania. Last glacier shrank
17 Th. years ago, leaving 100–150 m thick layer of morainic and sandy deposits. Favourable
GEOLOGICAL STRUCTURE is clearly visible in hydrogeological cross-section (Fig. 2).

Fig. 2. Neris River cross-section at the beach 2 in Valakampiai:
1 – aquifers, 2 – aquicludes, 3 – the best sites for groundwater sources to be formed, 4 – geological indices

Perspective drinking water demand for Vilnius City was calculated quite large: 290 Th. m 3/d in 1980,
360 in 1990 and 410 in 2000. Once again rose the question which kind of resources should be used:
surface or groundwater? It was answered in few years time – geologists collected a lot of data on
hydrogeology of Vilnius and its vicinities. Long lasting strategy for hydrogeological investigations was
provided and approved in 1960–1962. Main body of investigations was old valley of river Neris with
layers of sand and gravel deposits, left by melting glacial waters. In those deposits the best areas for
groundwater extraction were selected. The scheme of waterworks used to supply Vilnius show dots
along valley the most distant reaching Nemenčinė
~ 25 km from Vilnius (Fig. 3).
Thous.
Summing up all reliable investigated groundwater
resources we’ll come up with impressing figure –
500 Th. m3/d. This is four times bigger than today’s
consumption – 120 Th. m3/d (Fig. 4). It’s natural
consequence of market economy – water has
acquired commercial value.
Main advantage for using groundwater instead of
surface is that surface water is very vulnerable to

m3/d
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Fig. 4. Grounwater extraction in Vilnius city in 1949–1999
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pollution while groundwater is quite well protected. And although iron content is greater than in
surface water, there are no pathogenic bacterium or toxic compounds in groundwater.
It should be mentioned that groundwater of all installed well fields of Vilnius has good quality, except
iron. During the last decade state enterprise “Vilniaus vandenys” managing all water supply system, made
large efforts to ensure the most of people are getting water without iron. Situation especially improved
when new de-ironing installations were set into operation in Antaviliai, 2001. Productivity of new
installations reaches 60 Th, m3/d, and iron concentration after treatment is lower than norm – 0,1 mg/l.
So more than 500 years ago townspeople of Vilnius used visible water resources from natural
springs. Later, then water quantity and quality could not meet demands of growing town the right
decision to explore and use deeper confined water resources, was made. It’s obvious that in modern
situation to protect water of river Neris or other surface water body from pollution is almost
unrealistic task. For that reason all prospected groundwater resources around Vilnius should be kept
for future generations and not allowed to use such prospected areas for other purposes. Otherwise
there are no alternative resources – deeper only saline groundwater could be find.

Fig. 3. Vilnius City groundwater deposits (wellfields)

Reference:
JUODKAZIS V. 2003. Vilnius, Antaviliai: The main ground water intake field. Medical geology health and the
environment: Short course, May 26–28, 2003, Vilnius, Lithuania. Vilnius. P. 5–8.
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THERMOEROSIONAL HILLS OF VILNIUS CASTLES
J. Satkūnas, Lithuanian Geological Survey

Gediminas (The Higher) Castle (1) (ramparts of the defensive wall, palace and the southern tower,
the western tower encircled by a stone wall with three massive towers. In the 13th-15th c. was an
important political and administrative centre of Lithuania. The Castle was badly damaged in the
middle of the 17th c. during the war with Russia and gradually turned into ruins. When Lithuania was
incorporated into the Russian Empire, the Castle area became a military fortress. Meantime, the
western tower of the Higher Castle, so called Gediminas Castle, is turned into the Lithuanian National
Museum.
Barren (Three Crosses) Hill (2). Written sources of the 14th–15th c., the archaeological artefacts and
historic research evidence that a wooden castle stood on the Barren (Three Crosses) hill. It is named
Kreivoji or Curvum Castrum (Curved). In 1390 it was burned down by the Crusaders and never
rebuilt.
The memorial of Three Crosses is situated on the top of the hill. According to a legend, pagans killed
seven Franciscan missionaries. In memory of these monks, three wooden crosses were erected in a
beginning. In 1916, architect Antanas Vivulskis built concrete crosses. In 1950 by the order of the
Soviet authorities they were blown up. On the initiative of the Lithuanian movement for the
restoration of independence Sąjūdis the crosses were re-erected in 1989.
Stalo (Table) Hill (3). A small irregular and quadrangular shaped square is on its top. In the western
part of the hill archaeologists discovered remains of burnt homesteads linked with the fire of the
Curved Castle in 1390. Due to its form the hill is called Stalo (table).
Bekes Hill (5). A Hungarian military leader of the Commonwealth Caspar Bekesh (Gaspar Bekes) was
buried in 1580 on one of the hills on the bank of the Vilnia. As an Antitrinitarian he could not rest in a
Catholic cemetery. Later the hill was renamed after him. On his grave an octagonal, nearly 20 m high
monument was erected, but in the 19th c. it was washed away by the waters of the Vilnia.
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Gediminas Grave Hill (6). It is a high, round and steep hill with a flat square on the top. A stone
sacrifice altar is there. Ramparts of a small settlement (12th–13th c.) were found during archaeological
excavations. It is considered that the Grand Duke of Lithuania Gediminas was buried there.

ORIGIN OF HILLS
The location of the Vilnius Castles is determined by peculiarities of topography and hydrography. The
Castles are located in a cofluence of the Neris and Vilnia rivers. This area is characterised by hilly
topography with variety of landforms, formed by fluvial, suffosion, gravitational and erosional
procesess (Fig. 1). The altitude of relief varies from 87 m a.s.l. in the cofluence of the Vilnia and Neris
rivers to 230 m of Rokantiškės hill, with difference of altitude of some 100 m in distance of 1 km in
some places (Fig. 2).

Fig. 1. The Castles hills. Topography is carved into hills with steep slopes by dissecting ravines of different
depth

A thickness of Quaternary in the Vilnius city area varies from ca. 20 m in valleys of the Neris and
Vilnia to 200 m in higher places and in palaeoinsicions. The data of engineering geological
investigations (eg. Gediminas Castle Hill, Fig. 3) show that the Castles hills are composed of Elsterial
and Saalian glacial and glaciofluvial deposits. According to the recent geological map at a scale of
1:10 000 (Guobytė, 2012) Vilnius downtown and castles are located in a plot of very margin of
maximum advance of the Weichselian glaciation. However, it seems the impact of Weichselian ice
sheet on Vilnius hills is expressed more by periglacial phenomena, than accumulation and
deformational impact. During the Last Glacial Maximum (LGM) the original area of the castles likely
was a flat plateu of Saalian glacial formations.
Erosional phenomena naturally are determined by permanent and temporal water streams from
precipitation and melting ice and snow. It is assumed, that precipitation at the LGM and at a begining
of deglaciation was very low as a consequence of climate aridization, and, therefore surficial erosion
was insignificant during this time. Furthermore, glacial meltwater was drained by the rivers Neris and
Vilnia and formed higher terraces which were lower than top of the Castles Hills plateu (Fig. 2). The
8th and 7th terraces of the Vilnia river are higher and prominent. Their altitudes are 130–140 m a.s.l.,
when the tops of Hills of Vilnius Castles reach 160 m a.s.l. at present. It means that there was no
direct erosional impact of meltwater for the formation of upper reaches of the highest ravines.
14
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Fig. 2. A generalized surface profile through the Vilnia river valley from Rokantiškės to Gediminas hill

Fig. 3. The Gediminas Hill cross-section (Guobytė, 2007) showing intercalation of tills and sandy-silty
glaciofluvial and glaciolacustrine sediments of Elsterian–Saalian age. Upper part (thickness of 3–5 m) is
composed at a man-made (cultural) strata (for legend see Fig. M4)

15
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Therefore, it is proposed that that main features of the Vilnius Castes Hills were formed by periglacial
thermal erosion, i.e. the movement of land masses due to thawing of permafrost. This phenomena is
well known from regions of permafrost in the present Arctic and Subarctic (Photo).

Photo of a thermoerosional circus in North Siberia (by A. Kizyakov) as a result of thawing permafrost (left);
The thermoerosional ravine of the Dainų valley (right)

Depth of frozen ground in Vilnius is unknown, however it could be noted, that thickness of
permafrost in north central Europe during the peak of the last cold stage of Weichselian could have
reached even 120–140 m (Delisle et al., 2003). At a moment of the climate change and beginning of
the Wechselian ice body retreat, the masses of thawing ground became unstable and slided into
opening valleys of the Vilnia and Neris rivers. The sequence of formation of thermoerosional ravines
is proposed in the Fig. 4.
The typical thermoerosional valley is the Dainų (Songs) valley which is of some 50–60 m wide and
200 m long. A distinctive feature of the thermoerosional ravines is that their mouths are descending
down to levels of the 8th-6th teraces. Later on, after permafrost has thawed, the erosional ravines
with increasing precipitation were progressing and dissected an original plateu into separate hills.
The younger ravines are descending to the lowest terraces of the Vilnia.
Also, in historical time people were reshaping the slopes of hills for living and defence purposes. For
example, the saddle connecting the Gediminas and Three Crosses Hills existed (Fig. 5) until hitorical
times, when an artificial channel for the Vilnia river was dug and the two Hills were separated.
The development of the Vilnia river terraces was closely connected with a drainage of the lacustrine
and glaciolacustrine systems in Mickūnai glacialdepression. It is assumed that the Vilnia river was
draining the Mickūnai palaeolake during Eemian Interglacial and Pleni-Glacial. The present day valley
of the Vilnia river evolved during the drainage of the Mickūnai glaciolacustrine basin since the LGM.
The slope deformations and landslides happen because of steep slopes of the Castles Hills since
historical past up to present. Landslides are usually accelerated and trigerred by meteorological and
human factors. (Satkūnas et al., 2008). For
instance, in the Livonian chronicles dated 1396 is
mentioned that western slope of the Gediminas
Hill slided down and destroyed estate of Monvydas
the Voivod of Vilnius causing deaths of 15 people.
Also, it is known, that the Bekes Hill with part of
the tower of the grave slided to the Vilnia valley in
1838. Remaining part of the Bekes grave and tower
colapsed in 1843 (Michelevičius and Sarcevičius,
2012).

Active slope of the Bekes Hill in 1875
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Fig. 4. Stages of development of the thermoerosional ravines. A, the plateu of Castles is under permafrost
st
conditions at the LGM; B, a gap forms between land and ice; C, the 1 stage of thermoerosion begins; D, the
highest thermoerosion ravines; E, second stage of thermoerosion; F, a „backbone“ framework of the Castles
Hills is formed
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Fig. 5. The Hills of Vilnius Castles during the formation of the first Vilnia river terrace. Slopes are being
modified by erosional procesess. The Gediminas Castle Hill is still connected by a saddle with the hilly massif
of the Three Crosses.

Fig. 6. Terraces of the Vilnia river (composed by R. Guobytė,2012). Thermoerosional ravines are descending
th
th
to levels of the 8 –6 terraces or are pendant near the upper parts of slopes. Typical thermoerosional
ravines are depicted by orange colour

A young ravine dissecting slopes of the Bekes Hill

The mouth of a young erosional ravine separating
the Altana and Table Hills. This ravine is descending
st
at the surface of the 1 terrace of the Vilnia river
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A thermoersional ravine between the Bekes and Stalo (Table) Hills. Note a flat bottom and ample diameter.
st
At the right side, a young ravine is initiated and descending to the level of the 1 terrace of the Vilnia river

Reference:
DELISLE, G., CASPERS, G., AND FREUD, H., 2003. Permafrost in north-central Europe during the
Weichselian: how deep? In: Permafrost. Phillips, Springman and Arenson (eds), Swets &
Zeitlinger, Lisse, 5809–5827
GUOBYTĖ, R., 2012. Vilniaus miesto kvartero geologinis ir geomorfologinis žemėlapiai M 1:10 000 ir
jų aiškinamasis raštas. Lietuvos geologijos tarnyba, Vilnius, 93 pp.
GUOBYTĖ, R., 2008. Vilniaus pilių teritorijos egzotiškasis reljefas. Lietuvos pilys – 2007, 3, 24–35. (In
Lithuanian, English summary)
MICHELEVIČIUS, D., SARCEVIČIUS, S., 2012. Modern geophysical, geological and cartographical
methods for prospecting of the Vilnius Kreivoji castle. Geologijos akiračiai, 1, 7–14. (In
Lithuanian, English summary)
SATKŪNAS, J., MIKŠYS, R-B., MIKULĖNAS, V., MINKEVIČIUS, V., 2009. Geodinaminiai procesai Vilniaus
pilių teritorijoje: šlaitų deformacijos (Geodynamic Process in the territory of Vilnius
Castles: Deformations of the Slopes). Lietuvos pilys – 2008, 4, 62–68. (In Lithuanian.
English summary).
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SEREIKIŠKĖS WATERWORK DATA
Sereikiškės waterwork is the oldest waterwork in town. It is also known as Bernardinai or Jaunimo
sodų (Youth’s garden) waterwork. Sereikiškės waterwork is situated in the town park and do not
have usual sanitary protection zone. It was established before Wold War I. The water extraction rate
did not exceed 9-10 thousand m3 per day till 1951 (Klimas, 2006). After modernisation, the extraction
rate increased and reached 19–20 thousand m3 per day in 1959–1960 period. It leaded to water head
decreased to 17 m in aquifer. It also leaded to problems associated with groundwater quality. The
shallow groundwater and even surface water made significant impact to chemical composition of
extracted water. Water extraction rate during period until 1981 was stable and did not exceed 13–
14 thousand m3 per day. The water heads of aquifer rose. After reconstruction of Sereikiškės
waterworks in 1982, new wells were installed. The water heads of aquifer dropped but not for long.
The main cause of this decreased head was new technology and the density of installed wells. After
1989 water extraction rate dropped and the heads in exploitation aquifer began to rise (Klimas,
2006).
The analysis of the geo-hydrogeological section for Sereikiškės waterwork zone highlights the
presence of underground aquifers. The hydrogeological system shows two aquifers with one till
confining aquitard layer between them. The water-bearing layers occur at various depths: those
closer to the ground surface (a IV) are made of alluvial sandy and pebbly deposits and man-made
deposits (t IV); an impermeable till (clayer loam) layer (g II) underlies them; at depth 75–70 meters,
the main confined aquifer system occurs which is made of intermorainic sediments.
Groundwater is extracted by several water wells (Fig. 1, left), intermorainic aquifer horizon (ag II-I),
which are mostly composed of sand and gravel.
nb

Well position and
codes (local and DB)
Cross section trace

Geological- hydrogeological section for Sereikiskes waterworks
1 - Fluvial deposits; 2- sands and pebbles; 3 - silt; 4- clay loam; 5 - Ground water table
in 1999; 6 – Underground intermorain (ag II-I) water head in 1999; 7 - Underground
intermorain (ag II-I) water head in 1969; 8 - Well filters (from: UAB Vilniaus Hidrogeologija,2008)

Fig. 1. Sereikiskes waterwork area: wells position and cross-section trace (left); geological-hydrogeological
section (right)

Regarding the thickness of the layers, the shallow horizon (t IV) is thick from 2 to 25 m; intermorainic
underground layers thickness (ag II-I) is about 20 m (Fig. 1, right). Water extraction data of
Sereikiškės well field for 1970–2011 period were available and analyzed: some monthly/yearly
measures are missing (e.g. years 1992, 1994, 1995) (Fig. 2). Water extraction measures of the whole
Sereikiškės well field (in m3/month) show a relevant decrease since 1990 and flow rate stabilization
from years 1992–1994 until early 2011.
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Fig. 2. Sereikiškės well field boundaries (left); water extraction measures, 1970–2011 (right)

Reference:
Sereikiskes waterwork data // ESA GMS: Terrafirma product Interpretation Report – Sereikiskes, Vilnius,
Lithuania: Advanced Terrain Mapping product / Bianchini s., Raspini F., Cigna F., Moretti S.,
Satkūnas J., Minkevičius V., Mikulėnas V., Čyžienė J. – [Vilnius], 2011 – P. 21–22.
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WATER IMPROVEMENT FACILITIES AT ANTAVILIAI WATERSUPPLY STATION
Vilnius Antaviliai Water-Supply Station, located in North-eastern part of Vilnius City, connects 4 wellfields
(Pečiukai, Viriai, Karveliškės, Nemenčinė) having 78 operating wells and water improvement facilities,
pumping station and adequate technological pipelines.
Construction of Antaviliai Water-Supply Station took several phases. The works begun in 1976 and were
completed in 1986. In spring 2001, construction of Water Improvement Facilities at Antaviliai was
started and in October of the same year the Facilities came into operation. Unreagent aeration
technology of ground water was installed in the Facilities. The design capacity of the plant is
60 000 m3/day, with maximum capacity 3200 m3/h. Iron concentration in ground water is 0,8÷1,0 mg/l,
manganese concentration is 0,1÷0,15 mg/l.
After the Water Improvement Facilities at Antaviliai pumping station of the 2nd stage has started
operating, drinking water quality complies with the very high quality class of water in accordance with
quality requirements of Lithuanian Hygiene Standard HN:241998 (total iron Fe < 0,1 mg/l,
manganese Mn < 0,02 mg/l).
Technology of Antaviliai Water Improvement Facilities was presented for the competition Lithuanian
Product of the Year 2002 and won the gold medal. This award showed that water supplied to customers
is a reliable, good, ecological and safe product in all approaches. The importance to the society of
running facilities is understood as they ensure supply of high quality water to 40% of Vilnius residents.
The Plant supplies water to the northern districts of the city – Fabijoniškės, Pašilaičiai, Šeškinė,
Baltupiai, Viršuliškės, Justiniškės, Santariškės, Jeruzalė, Žirmūnai, part of Antakalnis, Žvėrynas and
Šnipiškės.

Sheme of Antaviliai Water-Supply Station

22

FIELD TRIP GUIDE

THE VILKIŠKĖS OUTCROP
J. Satkūnas, Lituanian Geological Survey
The Vilkiskės outcrop is approximately 40 metres high section of
Quaternary sandy sediments, exposed in the slope of the Neris River
valley and is located 15 km upstream from the city of Vilnius. The section
is composed mainly of sand with one till layer in the middle part. The
outcrop is of particular interest due to typical section of sandy formation
presumably of lacustrine origin, occurring under the till. This formation is
widely distributed in the vast area in between Vilnius city and Nemenčinė
town, according to the data of geological mapping, and represents a
particular period of nonglacial sedimentation of Saalian time. The new
optically stimulated luminescence (OSL) dates (determined by
A. Molodkov), obtained from the Vilkiškės section, fall into the time span
of 307–230 and 147–137 ka. The age of the lower part of Vilkiškės
lacustrine section (dated 307–230 kaby OSL) looks closest to the two ice
free stages, which can be correlated with oxygen isotope stages (OIS) 7
(236–186 ka) and OIS 9 (328–301 ka). Ages of about 147.1 and 136.7 ka
are obtained near the immediate contact with the underlying glacial
lithocomplex. Assuming OSL ages, conditions of occurrence and
palaeopalynological characteristics, the interval of the Vilkiškės outcrop
with OSL dates falling into the time span 236–186 ka (OIS 7) can be
introduced as the last Middle Pleistocene (Drenthe–Warthe) ice free
interval in Lithuania most probably, separating the Žemaitija and
Medininkai stadials. The interval dated 147.1 and 136.7 ka is interpreted
as the Pamarys Interstadial that tentatively can be correlated with the
Zeifen Interstadial in the Kattegat Depression suggesting the existence of
a “Younger Dryas“ -type climate oscillation just prior to the OIS 6/5e
boundary.
In the vicinities of the Vilkiškės the Neris River flows along the
southeastern distal slope of a marginal ridge of Last Glaciation. It crosses
the glaciofluvial depression, formed during the Weichselian ice sheet
advance and deglaciation.

Reference:
SATKŪNAS J., MOLODKOV A. Middle Pleistocene stratigraphy in the light of data
from the Vilkiskes site, eastern Lithuania // Polish Geological
Institute Special Papers. – 2005. – Vol. 16. – P. 94–102. –
(Proceedings of the Workshop “Reconstruction of Quaternary
palaeoclimate and palaeoenvironments and their abrupt changes“).
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PUČKORIAI OUTCROP
The Lithuania’s biggest exposure of Pleistocene deposits at Pučkoriai, in 1974 designated as a
geological monument, was formed in Late Pleistocene and Holocene time when the Vilnia River
crossed one of the spurs of the Ašmena Highland. The exposure is located on the right bank of the
Vilnia River (left tributary of Neris River) within the city of Vilnius. The exposure is approximately
63 m of height and 260 m long.
Pučkoriai outcrop – it is a fragmental section where an interior structure of hill chain formed of push
and press terminal moraines can be observed. Such the hills, evidently, were pushed by glacier of the
Medininkai (Saalian) glaciation along its edge. This glacier left glacial loam with boulders, gravel,
sand, silt, clay, etc. Owing to it, these
rocks occur in great disorder,
mosaicaly: in some places almost
horizontally, elsewhere – obliquely,
somewhere else – nearly vertically
turned over or with distinct signs of
glacial dislocations: folds, lumps, diapir
folds (i.e. wedges), domes, blocks.
Besides, in such a Quaternary rock mass
the inserted blocks of Mesozoic rocks
are found. For example, B. Rydzewsky
(1925) studied the Pučkoriai outcrop
and described the Jurassic block (J3ox)
formed of grey clay with considerable
admixture of white mica and remains of
belemnites, ammonites and other
fauna. L. Micas (1946) mentioned about
large block of white chalk of Cretaceous
system (K2) which stuck in the upper
part of outcrop.
Pučkoriai outcrop – it is a permanently
disintegrating steep tract of the other
right slope of Vilnia River valley. The
lateral erosion of Vilnia River stimulates
its unstability. Lately the Vilnia River is
unable to clean off abundant colluvium
from the foot of outcrop, however
Pučkoriai outcrop
erosional processes continue their
activity in it. Particularly, owing to it, the upper, i.e. steepest, part of outcrop changes: disintegrating
and becoming flat in many places it still advances further seizing for itself a part of pine forest
growing above the outcrop – a part of Pučkoriai Park.

Reference:
SATKŪNAS J. 1999. Meeting of the ProGeo working group No.3 North–West Europe. Vilnius. P. 14-16.
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SKALIŠKĖS ROCK OUTCROP AND CAVE
On the right bank of the Neris near Nemenčinė, right in front of the cave opening oak-wood, called
Holy Cave or Skala conglomerate. Lucionys-Skališkės Holy Cave is deep and spacious caves after
jutting 12 meters wide and 2 m thick conglomerates (gravel cemented by calcareous waters) ingots.
They say that from about 3 meters high cave vaults calcareous dripping water has healing power. In
the past there were considered worship, a cross was left money and herbs. Now the cave niches built
St. Virgin Mary's image, burned candles. Healing properties, it is believed, it has a cave at the foot of
the stone after springing source of water.
Skališkės Cave – nationally protected geological object, a natural monument.

Skališkės Cave (photo by V. Mikulėnas)

Earl K. Tyszkiewicz, visited the Skališkės Cave and wrote: "It was really unusual image. Here every
passer struck the rock bar, boldly protruding from a mountain cliff. This cave is not only their
interesting appearance beckons visitors – attracted even his holiness spell which it acknowledged the
people of the land. In her dripping water had the power to cure eye diseases. If only one suffering
from eye it moisened immediately became healthy. Since then, people of different castes, and go on
foot, there is abundant. I visited the holy cave. They are kneeling at the foot of gray-headed
grandfather, dressed in a linen blouse, not moisened and clean. The hands were together, I lifted up
my eyes up to the cross. In this way, he prayed to heaven without words, because his lips, but not
moving. He said an emotional looking soul prayer.".
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POGULIANKA ARTESIAN WELL
Pogulianka artesian well is oldest artesian well in Vilnius. Drilled about 1895. Artesian well depth –
116.95 m. Specially drilled for Vīlnius town garrison bakery.
Pogulianka artesian well – nationally protected geological object, a natural monument.

Pogulianka artesian well building (2002)

Pogulianka in 2004
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