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P R E F A C E

A man needs the knowledge and skill to master the situation, 
I.e. to analyse If and in a goal oriented manner. Scientific gathe
rings and workshops give a scientist an opportunity to s ha te and 
exchange opinion and Information or. matters of common Interest, to 
advocate their views. No less important to solve, his problems are 
Informal contacts where a scientist can unhurriedly discuss and 
find ways to express himself. In order to cope with geological in
formation as well as meet new challenges facing geology in the Nor
dic area, a joint geological conference of scientific explorations 
and practical research of the recent part was proposed as an in
formation transfer for geological services of the Nordic and Bal
tic countries.

More than 30 papers on a variety of topics involving geologi
cal research were presented and discussed at the three-day confe
rence attended by over 60 ' del egat.es from Finland, Latvia, Lithua
nia and Estonia.Unfortunate1y time was too short for some delegar 
tions to attend.Geologists of Sweden, Norway, Denmark, Iceland and 
Greenland were very much interested in such a meeting, however they 
could not. attend because of previous engagements.

1 am confident that use be made of this new geological infor
mation for the good-of the Nordic and Baltic countries and the 
prosperity of their inhabitants.

Director General Endel Kasemets



FROM THE EDITOR

There is an urgent need for general purpose geological maga
zine. It is my experience that hydrogeologists, geophysicists and 
geochemists find it difficult to publish the results of their re
search work in the desirable scope and a considerable amount of re
search has remained a part of a work file as in the form of a ma
nuscript. We make sure that the authors contributing for the new 
geological magazine will' enjoy unreserved support. It will be is
sued at intervals, such as semiannually and annually focusing on 
the up-to-date informativjn of the printed matter. Except for the 
volunteer editor the editorial staff is still incomplete. We hope 
the whole staff to be completed in the nearest future. The first 
edition of the new publication will contain the material of the 
geological conference 'LOHUSALU 1991'. It is necessary to note that 
papers of the new edition, being as a rule, surveys or abstracts 
written by specialists were included directly - they did not under
go the reviewing procedure nor could the English be checked .comp
letely. Therefore the readers are asked to excuse any deficiencies 
of this edition which may be due to the above-mentioned reasons.

Research Director R. Raudsep



MAIN PROBLEMS OF THE BALTIC'S STRATIGRAPHY 

A. Grigelis

In the Baltic States stratigraphical investigations are provided 
by geological institutes (Estonia, Latvia and Lithuania) and uni
versities (Riga, Tartu, Vilnius). These studies are based on the 
material of field outcrops and deep borings (geological surveys). 
Their main purpose is stratigraphical substatiation of geological 
mapping, structure of entrails of earth and geological maps (scale 
1:500 000, 1:200 000, 1:50 000) as well. Investigations have been 
made on the mainland and in the Baltic Sea. They are codified by 
Stratigraphical Codex of the USSR. The stratigraphers are joined in 
the Baltic Stratigraphical Assotiation (BSA).

Deep analysis, subdivision of sections and wide regional 
correlation are typical to stratigraphy of the Baltic Region since 
long ago. Biostratigraphical, lithostratigraphical, ecostratigrap- 
hical (Basin analysis) and climatostratigraphical method^ of inves
tigations are methodologically most important. The division of se
dimentary series (pre-Quaternary and Quaternary) is based on pa
leontological, palinological and lithalogical studies; rocks of 
crystalline basement are divided with the help of petrographical 
and geochronometrical methods.

Stratigraphical studies and their methods develop and make 
progress. International and interregional integration of investi
gations intensifies. The International Commission of Stratigraphy 
(ICS), its Subcommissions and Working Groups work actively. Notable 
is substantiation of Ecostratigraphy, Event-stratigraphy, Sequence- 
stratigraphy and theory of Quantitative Stratigraphical Correla
tion. International worjeing groups study geological boundaries of 
various ranks - from systems to series and zones. It is a work of 
glpbal significance!

Baltic's stratigraphy has its achievements. Most important of 
them is the compilation of unified correlated stratigraphical 
charts of paleobasins based on data of monographical paleontologi
cal studies. Now there is a plan to improve them, to supplement 
them with new data. A seismostratigraphical frame-work of the Bal
tic Sea and stratigraphical subdivision based on geological facts 
(boring, draging) has been worked out.

The main stratigraphical problems of the Baltic could be for
mulated as follows:

- supporting stratigraphical boundaries of geological stra
ta, their isochronallity and diachronallitv;

- local and regional markers in lithostrdtigraphy;
- geological, lithological and biological events and stratal 

correlation;
- rate of deposition, cycles of accumulation of sediments;
- rate of evolution and development of ecosystems;
- biochronological analysis of breaks in sedimentation;
- evidence of sequence of biostratigraphical zones (biozones) 

and Sequence-stratigraphy;
- time analysis in regional stratigraphy and chronostratigraphi- 

cal substantiation of ^regional standard scale.



And quite a new problem - creation of the Baltic Regional 
Stratigraphical Standard.

Complex of geological investigations, where stratigraphy is 
the main method, enables us to compile geological maps on- the scale 
of 1 :200 000; svnt|betic maps of Land, and finally also - maps of the 
Baltic Sea oh “the scale of 1:500 000. About 20-25 percent of the 
territory is covered by mapping on the scale of 1:50 000. It has 
contributed to the evaluation of the basis of mineral resources. 
Ecogeological mapping of superficial beds is being carried out in 
connection with preservation of the environment.



FOSSIL FISHES AND THE CORRELATION OF THE LOWER/MIDDLE DEVONIAN
BOUNDARY BEDS

E. Mark-Kurt k

The value of fossil fishes for interregional correlation of 
the Devonian strata has increased significantly with the applica
tion of the assemblages of acanthodians, particularly by J.Valiuke- 
vicius (1988 etc.). The minute scales of these fishes can be met in 
the samples of carbonate and terrigenous rocks from many regions, 
including such vertebrate-dominated sections as East Baltic, Spits
bergen, Severnaya Zemlya and others. Occurring in a number of se
quences together with conodonts, the acanthodians have successfully 
been used for age dating. .

There axe,thowever, some intervals, eg, the Emsian/Eifelian 
(Lower /Mi dd 1 e Devonian) bouhdax-y beds, which do not contain charac
teristic acanthodians, differing below and above the boundary. In 
such a case the other fossil fishes, represented by macx-orema i ns, 
particularly the placoderms are to be used for interregiona1 corre
lation. An assemblage, including the peta 1 i cht.hy i d Wi jdeaspi s. * 
phi yctaeni ids, buchanostei ds, early homostiids and heterost.iids and 
some other fishes appear to characterize the Emsian strata over a 
very large area. It includes Arctic regions of the USSR,Kazakhstan, 
Central Asia, New South Wales of Australia and probably also New 
Zealand, South China, Saoudi Arabia and Nevada.

The occurrence of the above assemblage in the Eifelian Grey 
Hoek Formation of Spitsbergen has stimulated the revision of the 
age of this unit. The Grey Hoek fish fauna is quite similar to that 
of the Albanov Formation of Severnaya Zemlya, dated by conodonts as 
t.he> Emsian. The acanthodian assemblage VI II (by Va1iukevicius) dis
covered in the Grey Hoek Formation of Spitsbergen occurs in the Re- 
zekne Regional Stage (further R.S.) of the East Baltic. There are 
also ph 1 yctaeni i ds and the thelodont. Skamo 1 epi s. showing the Emsian 
age of this stage. Thus, above units of both regions, previously 
considered as the Eifelian ones, should be included into the Lower 
Devonian, Emsian. It seems that the Middle Devonian, Eifelian age 
of the Rezekne R.S. is sometimes preferred because there occurs a 
considerable break between this and the underlying Keaeri R.S. In 
the Eifelian strata the fish assemblages differ markedly. Tfjey con
tain large forms of homostiids and heterostiids, coccosteids and 
numerous psammosteid heterost.racans, some of them huge. Psammostei ds 
are especially characteristic of the Middle Devonian of the East 
Baltic, Spitsbergen and Severnaya Zemlya.

A correlation chart of the Emsian in selected areas (Mark- 
Kurik, in press) is presented. Fossils include buchanosteids (B), 
euleptaspids (E), homostiids (Hm), heterost.iids (Ht), ph 1 yctaeni i ds 
(P), pteraspids (R), Skamolepis (S) and Wi jdeaspi s (W).
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THE UPPER CAMBRIAN OF ESTONIA

K. Mens, V. Viira, I* Paalits, I- Puura

The Upper Cambrian on the East European Platform ranging form 
the base of the Agnostus pisiformis Zone to the top of the Acero- 
care Zone, is represented in Estonia by a sequence of terrigenous 
rocks,mainly quartzose sand- and si Itstones of variable grain size. 
The argillaceous rocks represented by greenish-gray clays in the 
lower and dark kerogenous argillites ("Dictyonema' shales”) in the 
upper part of the section have restricted distribution. "Obolus 
conglomerate”, a coquina of phosphatic inarticulate brachiopods 
(lingulates) and their fragments occur in the upper part of the se
quence. These beds of shelly phosphorites are still commercially 
mined In Maardu, but the mines will be closed within the next few 
years for environmental reasons.

Estonian Upper Cambrian has been subdivided into three forma
tions: Petseri, ul gase, Tsftre. According to the recent biost.rat.i- 
graphica) correlations, also the lowermost part. of the Kallavere 
Formation is included to the Cambrian (Table). .

Because of the lack of the trilobit.es, a key group for zona- 
tion, the Upper Cambrian biostratigraphy of Estonia is based on 
acritarchs (studied by 1, Paalits), conodonts (V. Viira) and lingu- 
lates (1. Puura). In the lower part, of the section, acritarch zoria- 
tion gives the best result. In the upper part, conodont. sanation is 
more reliable. Lingulates occurring in abundance in some parts of 
the sequence are useful for tracing certain levels. Using the 
successions of acritarchi and conodonts, the stratigraphic units of 
the Estonian upper Cambrian have been tentatively correlated with 
the Scandinavian trilobite zones (Table).
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TYPES OF FOSSIL FISH TAPHOCENOSES OF THE LODE FORMATION
IN LATVIA

I. Upenlece

In Latvia the rocks of the Gauja. Stage represent the earliest 
Frasnian terrigenous sedimentation. Lode Formation, which is con
sisting of finely dispersed clays, sandstones and siltstones occurs 
in the Northern part of the distribution area of Gauja stage. The 
formation became widely known owing to the unique preservation of 
the fossil fishes discovered in clays. Clayey mud has accumulated 
in the slump depressions on the submarine delta slope. The meridio
nal ly arranged depressions are from several tens up to 200-300 me
ters long. The preservation state of the organic matter depends 
mainly on the hydrodynamic conditions. Particularly favourable were 
stagnant water and finely dispersed deposits but also the reducing 
condition of bottom water and rapid sedimentation.

In the Lode quarry four taphocenosis types can be distingui
shed: '

1 st type occurs in lenses of sandstones of variable grain si:» 
2«£. Sand was transported by strong underwater currents and, conse
quently, the situation was not favourable for preservation of orga
nic remains: only isolated fish bones and fragments have been re
corded.

2nd type is distinguished in cross-bedded and ripp)e-drifL 
cross-bedded sandstone layers in red siltstones. Fish remains are 
abundant. Well-preserved plates of the placoderm Asterolepis ornata 
and bones, teeth and.scales of the crossopterygian Laccognathus 
panderi concentrate on the bedding planes. Sometimes articulated 
skeletal parts occur.

3rd type is established in claysand silty clays. The corres
ponding deposits have accumulated under the influence of weak bot
tom currents. The taphocenosis contains numerous articulated skele
tons of the placoderm Asterolepis ornata and the crossopterygians 
Laccognathus panderi anfl Panderichthys rhombolepis. Before the ex
cavations carried out by L. Lyarskaya in the 70s the above forms 
were known only by isolated skeletal elements. The preservation . of 
the skeletons of A. ornata varies in this taphocenosis according to 
the different decomposition degree of fish cadavers. First • of all 
the orbital and nasal plates and jaw elements were separated, then 
the skullroof and tail portion of the bodies, -finally only isolated 
skeletal parts or plates remained of the trunk-shield.

4th type was recently discovered in the central part of the
depressions in the finest dispersed clayey muds. The taphocenosis 
includes juveniles of Asterolepis with variable length of the ar
mour <1-4 cm) as well as juvenile and adult specimen of the
acanthodian Mesacanthuts b p.. crossopterygians, fossil plants
<Archaeopteris fissilis. Svalbardia polvmorpha). crustaceans 
(Conchostraca, Ostracoda and, particularly, Mysidae) and coprolites 
containing Mysidae remains.



COMPARISON OF CAMBRIAN AND VEND I AN SECTIONS 
OF THE EASTERN BALTIC

A. Zabelo, A. Fridrichsone

In the eighties during the exploration of the eastern part 
of the Baltic Sea 12.wells were drilled by CO PETRQBALTIC. The 
stratigraphic subdivision of Vendian and Cambrian sections is based 
upon well logging and, first of all, on garama-ray logging. The 
composition of fragmentary cores and cuttings were used and acri- 
tarchs analyses were carried out. As a whole, the sections of 
Vendian-Cambrian deposits of the eastern Baltic are well comparable 
with the sections of Cambrian ones from the western part, in par
ticular with the well H-54-VentspiIs section.

The depth of the top of the described terrigenous rock mass
increases from 875 m (well E6 ) in the north-east to 2720 m (well 
C8 ) in the southern part of the studied region. Distribution of 
Vendian deposits is limited and their thickness does not exceed 15 
m. The thickness of Cambrian deposits fluctuates from 170 m (well 
E6 > to 307 m (well C8 > increasing in south-west direction.

Vendian deposits have been covered by 2 wells only (E6 and P6 ) 
in the northern part of the area represented by alternating, poor
sorted, red and variegated sandstones, siltstones and clays. They
can be compared with the Zurass unit of the north-western Latvia.

Dominopol, Vergale and Rausve horizons are singled out in the 
Lower Cambrian composition. The're are three parts of the Dominopol 
horizon in most complete sections. The lower part is represented by 
alternation of greyish and greyish-brown different size sandstones 
with greenish-grey clays and siltstones. The glauconite presence is 
very typical for this member. White fine grained sandstones are in 
the very top of the section. The horizon section completeness rises 
in the north-western direction and thickness increases from 1 2 m
(well D6 > to 112 m (well P6 ), respectively. The deposits of Vergale 
and Rausve horizons are distributed everywhere and represented by 
the most monotonous and clayey part of the section. The thickness 
of Vergale fluctuates from 30 m (wells D6 , D5, E6 , E7) to 50 m
(well C8 ), the Rausve one - from 22 m (wells E6 , P6 ) in the north 
to 52 m (well C8 ) and 54 ra (well D1) in the south-west.

The Middle Cambrian part of the section begins from the 
heterogeneous alternating sandstones, siltstones and clays of Ki- 
bartay horizon, the thickness of which ranges from 28 m (wells E6 , 
Dl) to 55 m (well CS). Deymena subhorizon is represented by homo
geneous unit of light quartz sandstones with occasional thin layers 
of black muds tones.The thickness of sandstones fluctuates from 52 m 
(well E6 ) to 96 m (well C8 >.
, The Upper Cambrian deposits have been uncovered by one well
(_ only C8  ̂and consist, of alternation of c 1 ayey-carbonate sediments 
with the total thickness of 6 , 8  m.



THE GEOLOGICAL MAPPING OF THE LITHUANIAN REPUBLIC

V. Balfcrunas, M, Repechka, A, Shliaupa, A. Saulenas

The activities of geological mapping in Lithuania began in 
1947. The project was completed in 1952. In the process of geolo
gical mapping, 1:200 000, upper Quaternary deposits were investiga
ted and. a geo I i t ho I og ica I and geomorpho logical map of the Quaterna
ry deposits was completed. It was followed by the second stage: 
geo IogicaI-hydrogeo Iogicat mapping. This completed geological map
ping of the whole territory of Lithuania in 1978. This work was 
summarized in the form of the published maps with explanatory 
notes:

Map of Quaternary deposits 
Map of Fre-Quaternary Rocks 
Hydrogeological map 
Geomorpho1ogica1 map 

Those maps serve as bases Tor future geological projects in Lithu
ania including 10 geological and hydrogeological maps: <1;500 000),
which were published in the period of three years <1978-1981).

Gravity and aeromagneting mapping <1:200 000) of the whole 
territory of Lithuania, can be viewed as preliminary stage of the 
general geological mapping.

One of the functions of the geological survey was the mapping 
of the crystalline basement <1:200 000). This project covering 7,9* 
of the Lithuanian territory is based on the material of gravity 
mapping <1:50 000) and drilling. In 1970 with the aid of the gene
ral geological map we started working on specialized geological, 
hydrogeological and engineer-geological maps <1:50 000). In the 
course of the project we carry out a specified study of the struc
ture of the Quaternary deposits in order to determine the distri
bution of the natural building materials and water-bearing hori
zons . Geo 1 og i ca 1 mapping today covers 14,8* of the Lithuanian terri
tory. Mapping is used for land reclamation <8* of the whole terri
tory). The first, land reclamation project was in the district of 
Ignalina. Another project of geological and hydrogeological mapping 
w_ s 1 aunced in the region of health jfesorts of Druskininkai, Birsh- 
tonas and Likenai. The purpose of the aerophotogeo1ogica1 and aero- 
photogeomorpho1ogica1 mapping <26,9* of the territory) is to deter
mine the distribution of natural building material. Complex geolo
gical-hydrogeological mapping of the coastal area of the Baltic Sea 
with the ecogeo1ogica1 bias has been completed. Construction of 
tall building blocks has drawn attention to the ecogeo1ogica1 
aspect especially when buildings are erected in ecologically 
sensitive areas. We have started work on ecogeo1ogica1 mapping 
<1:50 000) on the territory with precise geological data about 
distribution of geological structures and water-bearing horizons.

Ecogeo1ogica1 mapping <1:200 000) is designed for the whole 
territory of Lithuania.

In 1980 we started the geological mapping of the Baltic Sea 
bottom <1:200 000) in the aquatory west of Klaipeda. We started the 
project with the map of Quaternary deposits, lithological map of 
bottom surface sediments and geomorpho1ogica1 map.

In 1990 we started work on a ecogeo1og1ca1 map of the Baltic 
Sea (1:50 000). In the course of th1s • particu1ar geological mapping



special attention is given to geochemical aspect and technogenic 
research, with the help of monitoring.

We have completed a geological map of bedrock,a geological map 
of Quaternary deposits and a. geomor pho I og lea I map of the Baltic Sea 
and its adjacent areas (1:500 000). These maps with explanatory 
notes will be available in 1992 at the map sales offices. The 
mapping (1:500 0 0 0) of the upper layers of the bottom sediments of 
the Baltic Sea was started in 1939 and will be finished by 1992. 
Bulletins of geological maps of the Baltic Sea will be used for the 
geological research of mineral resources, their distribution and 
utI Iizat ion.



EARLY PERM[AN DIABASIC SILLS IN THE BALTIC SEA

A. Birk is, S. Kanev

Offshore welis drilled in the axial part of the Baltic Syne- 
clise had revealed diataasic sills 6-25 m thick, which occur within 
clayey sediments of Ludlovian and Wenlokian stage of Silurian. They 
are distinguished by the Sambian complex.

Mapping by seismic survey of the field of intrusive distribu
tion extends from the Klaipeda latitude to the Vis la, spit, its ex
tent is approximately 130 km with the width of 20-25 km. The occur
rence of several independent diabasic intrusive bodies was suppo
sed, two of which were drilled. One of the intrusives is composed 
from two pyroxene olivine-rich diabases, the second - olivine 
clinopyroxene diabases.

The definition of radiogenic age of diabase total samp1.~s by 
K-Ar methods shows the following figures: 330+12 and 370+12g 
million years, that corresponds to Early - Middle Carboniferous and 
Late Devonian. But geological data about the age of similar diabase 
in NE Poland and dolerite geochrono1 egiea3 study results in South 
Sweden suggest to consider the age of the studied diabases to be 
Ear 1y 'Permian.

Petrcgraphic and petrochemical diabases characteristics of 
Sambian complex is given, basit.e resemblance of both intrusives 
revealed by drilling was established. Diabases according to their 
petrochemical peculiarities are similar to the low- and middie-alu
mina toleit. basalts of continents and platforms, and also have much 
in common with subalkali basalts of continents and oceans.
. All this defines the peculiarity of platform basite magmatism 

manifestations in the central (axial) part of the Baltic Syneclise 
and its belonging to the subal.kali basal t-trachybasal t formation.



ATLAS OF THE LITHOLOGIC-PALEOGEOGRAPHICAL 
MAPS OF THE BALTIC REGION SC. 1:500 000

VV. Katinas, V. Narbutas, A. Radzevicius,V  •* . y  •P. Suveizdis, P. Simkevicius

In 1986 in the Lithuanian Geological Institute an atlas con
sisting of 13 1 itho IogicaI-pa IeogeographicaI maps and 2 1 structu
ral-geological maps of the pre-Permian surface including profiles 
and explanatory notes, was compiled and published for the first 
t ime.

The complete set of the 1itho 1ogica1 -paJeogeographica1 maps 
include maps of the following: the map of Upper Devonian (Fr^iian 
time, Pasvalys strata) - alteration of facies and epigenetic disso
lution of gypsum; early Permian (late Saxonian time) - continental 
arkoses; late Permian (late Uerra time) - carbonates and saline de
posits; early Triassie (Bundsandstein time) - red beds, of terri
genous sediments; middle and late Jurassic (Bajocian - early CalJo
vian time) - shallow .freshened-water carboniferous terrigenous 
sediments; late Jurassic (Oxfordian time) - marine terrigenous-car- 
bonate deposits; Cretaceous (Albian, Cenomanian and Campanian 
times) - marine terrigenous glauconite and carbonate sediments; 
middle and late Eocenian - marine terrigenous amber-bearing sedi
ments; Neogene - continental (lacustrine) sediments.

Mineral resources, accumulations of minerals and geochemical 
elements, findings of fauna and tectonic elements of above times 
are presented on the maps.



SOME PROBLEMS OF THE GENESIS OF THE PHOSPHORITE 
OF THE EAST BALTIC PHOSPHORITE BASIN

V. Petersell

The East Baltic phosphorite basin lies subiatifcudinaI Iy as a 
narrow, 600 km long and 60 km wide stripe of land along the sou
thern coast of the Gulf of Finland. Phosphorites in the basin are 
made up of.phosphatic minerals and terrigenous components. Locally 
phosphorites are more cLf less dolomitized. The former is represen
ted by inarticulate brachiopod Cobolid) shells or their fragments 
(detritus) consisting of phosphatLc minerals of the f 1uorine-carbo
nate-apatite group, rarely with homogenic phosphorite inter layers. 
Films of the latter sometimes surround also quartz grains (Raudsep, 
1984).

Phosphorites of the East Baltic basin are characterized by the 
increased F, Sr, REE, also U content (neTepcejiJTB h up. , 1986).
These elements belong to phosphatic minerals isomorphica11y . Due 
to this the distribution of F, Sr, REE and U generally corresponds 
to the areal as well as vertical distribution of P2G5 in the phos
phorite area. Yet, depending on the total content of phosphatic mi
nerals in phosphorites, considerable differences in the sections 
containing any of these elements are observed.

Shelly phosphorites constitute an independent ore formation of 
specific genesis and pa 1eogeographica1 conditions of accumulation. 
One of the most complicated and yet unsolved problems is the source 
of P, F, Sr, REE and U and other trace elements. Undoubtedly these 
elements have concentrated in obolid shells due to their increased 
content in the paleobasin.

Observations of the F/P205, Sr/P205, TR/P205 and U/P205 ratio 
show that, they are specific. The F/P205 ratio is very stable in 
this large basin. It does not depend on the absolute P205 content 
in phosphorites and fluctuates only slightly, from 0,082 - 0,098, 
whereas Sr/P205 ratio (ppm/*) in this area is stable. It is more 
changeable than by fluorine.

The TR203/P205 ratio (ppm/%) in phosphorites of the basin 
is greatly variable ranging from 26 to 93 in separate layers. The 
coefficient of their ratio variation is very high (V=24-56%). 
Areally, as well as along the section, the TR203/P205 ratio dec
reases relatively with the increase in the P205 content in phospho
rite, the higher is P205 content in ore, the lower is the TR/P205 
ratio. Although the distribution pattern of U in phosphate ore ge
nerally coincides with that of P2o5, the U/P205 ratio (ppm/%) is
very variable.

Spectrum of TR is monotypical and unchangeable in the whole 
area. Y203 in TR203 makes 19-28* and does not depend on the absolu
te P205 content in phosphorite ore. The Ln spectrum in phosphorites 
differs greatly from that characterising ocean water, but also from 
the average spectrum of sedimentary rocks and lithosphere.

From the aforesaid it can be concluded that, apart, from P, the 
F content and generally also the Sr content were high everywhere in 
the paleobasin and they completely filled the crystal framework
of shells during their growth even in the phase of their maximum
accumu1 at i on.



Occurrence of regular TR/P205 and U/P205 ratios and stable TR 
spectrum in phosphorite evidences that phosphatic shells were not 
transported and displaced noticeably in the paleobasin during the 
growth stage and life of brachiopods, also in the process of sedi
ment accumulation. Undoubtedly the paleobasin was deficient in TR
and U regarding to P and crystal framework of obolid shells in
their growth stage was not filled with these elements.

The isotopic composition of oxygen in phosphatic shells coming 
from the epicentre of the greatest ore body of the East Baltic basin 
(Rakvere deposit) shows that oxygen of obolid shells is lighter as 
compared to that of above-lying carbonate rocks. In the section of 
the phosphorite layer 18 fluctuates from +12,6 to +16,6% . If the 
fluctuation of c 18 0 is caused by temperature changes in the paleo
basin, it takes place in interval at about 10-28. +4° C (Long ine111, 
1966 >.

The isotopic composition of C which is relevant in the cement 
or the clolomit.ized rock (a 13 C=-6 , 0- ( - >8 , 7*) , shows that, C is
lighter and resembles the i sotopeic composition of subsurface C, 
Rather similar to it is 6 13C of C from homogen i c phosphorite of the 
Narva deposit. The isotopic composition of pyrite sulphur from the 
underlying same section Tiskre sandstone from the overlying Dictyo- 
nema shale t,rieTepce.n.nB H xip. , 1987 ) is also of subsurface charac
ter. 1

The above given factual material cannot be explained by normal 
sediment accumulation and by upwel’ing. It suggests the flow of 
subwater hydrothermas from deep springs into the East Baltic phos
phorite basin at the period of phosphorite accumulation, enriched 
with P, F, St , TR, U, Fe and other elements.

These subwater hydrothermas caused the formation of specific 
short-term pa 1eogeographica1 conditions in the paleobasin favourab
le for anomalous massive appearance of poor monotonous fauna of 
inarticulate brachiopods, shells of which were composed of minerals 
of the f 1 ucir ine-carbonate-apati te group. The most probable sources 
of hydrothermas were deep springs opening during the Caledonian 
tectonic activization, which were genetically connected with evolu
tionary Protefozoic subplatform roagmatic hearths of granitoids and 
gabbroids of anortosite rapakivi formation (neTepcexuib h ,qp. , 1986).



ORDOVICIAN IMPACT CRATER AT KJRDLA,ISLAND OF HIIUMAA, ESTONIA

V. Puura, K. Suuroja.

The buried Kärdla crater with a diameter of approximately 4 km 
was discovered in 1967. The subsurface structure of the crater has 
been studied by means of gravimetry and airborn magnetometry and by 
drilling more than 300 boreholes in the crater proper, on the rim 
("ring wall”) and in surroundings of the crater. The recent 
reaching 300 m haS revealed that the crater is deep and has up to 
100 ra high central peak.

Hardly visible in the present day topography, the crater pro
per filled by Palaeozoic and Quaternary deposits represents mostly 
low marshy land surrounded by low ridge along the ring wall. Qua
ternary accumulative landforms such as eskers and postglacial sea
shore banks also complicate the topography. In the buried sub
Quaternary bedrock relief the crater proper occurs as a roundish 
depression bordered with two 10-30 ra high horseshoe-shaped eleva
tions above the buried ring wall. The bedrock topography has been 
slightly drumlinized during the glacial exaration.

In the subsurface structure of the crater site quite well pre
served elements have been distinguished: in vertical section from 
the top - a) normally an approximate 1y 1O0 m thick cover of Ordovi
cian sedimentary rocks hiding all the elements of the crater, 
b) strata of different, kinds of allochtonous breccias filling the 
lower part of the crater proper, and beds of fall-out breccia and 
ring wall rocks occur ing in the surroundings of the crater, d) a 
body of autochtonous and subautochtonous breccias forming the 
bottom and the central peak of the crater and also remnants of its 
rim.

Shocked rocks and minerals from autochtonous and allochtonous 
breccias have been revealed by light microscopy.

Among the Early Palaeozoic impact structures, the Kirdla cra
ter is one of the best preserved.



MARINE GEOLOGY INVESTIGATIONS OF THE BALTIC SEA

P.Tamraik, A. Ta1 pas

The marine section of the Geological Survey of Estonia has
been active approximately 10 years. During this period of time we 
have been carrying out research works in the southern side of the
Gulf of Finland and also in the Estonian territorial waters of the
Baltic Sea, Our main base has been the research vessel "Marina”, 
The whole aquatoriura has been divided into research regions which
have been explored one by one for periods of 2 to 5 years. The
easternmost border is the meridian 27 e,I, which runs through the
Hog land island.

Main research methods were continuous seismic reflection pro
filing, echosounding, probing of bottom sediments with a gravita
tional tube (length up to 12 m) or scoop and drilling on the is
lands of the Gulf of Finland, Bottom probing, which was at times 
accompanied by taking samples from near bottom water, was carried 
out following the earlier completed seismic reflection profiles in
grids measuring 2 by 2 km. Additionally bottom samples were taken
according to the geological situation. The scoop was vised in
shallow waters and also for getting larger amount of ferro-mar.ga-
nese nodules for analysis.

Gathered samples were taken to various laboratories, mainly to 
spectral, chemical, granvil ometr ica 1 , m i nera 1 og i ca 3 labs, and also 
for pollen analysis. The chemical composition of near bottom waters 
was analysed as well.

As a result of interpreting gathered data, sets of geological 
maps were created. In the Gulf of Finland the scale of the maps was 
1:200 000. Although in the Baltic Sea the grids corresponded to 
1:500 000, maps were drawn in 1:200 000 scale. A set of maps inclu
ded :

- a geological map of Quaternary deposits;
- a geological map of sedimentary rocks;
- a schematic map of crystalline basement;
- a 1ithological map;
- a geomorpho1ogica1 map; 

add11i ona13 y :
- a bathymetrical map;
- a map of fact vial material ;
- a schematic, map of the surface of bedrock;
- a schematic tectonical map;
- a schematic map of mineral deposits <ferro-manganese nodules
and sand-gravel);

- schematic maps of distribution of chemical elements in bottom 
sed i ments ;

- the same in near bottom water.
Gathered data, maps, explanations for the maps, conclusions 

and illustrative material were dessiminated, but not. formally 
pub 1i shed.

The shortcomings of our work should be mentioned also. Up to 
now we have not been able to make a' working vibrotube. Sampling me
thods for bedrock are deficient. Geological data from near coast 
regions with water depth less than 30 m are rather modest, part
ly due to the above mentioned and partly connected with the lack of 
geophysical methods in shallow waters. Use of side scan sonar has 
practically ceased due to poor results.



MAIN FEATURES OF GEOCHEMICAL SPECIALIZATION 
OF THE CRYSTALLINE BASEMENT OF ESTONIA

J. K i v I s I I 1 a

Studies of geochemical specialization of the crystalline base
ment of Estonia, are mainly based on spectral analysis of over than 
20 000 rock samples from the core material. Specialization becomes 
evident in the first place as the result of comparison of average
contents of major and minor elements in rocks with corresponding
(according to Si02 contents) Clarke values. Positive specialization 
usually is accompanied by high-level heterogenity in the distribu
tion of elements, frequent occurring of geocheraichal anomalies and 
high level contrastity and productivity of these anomalies.

Average chemical composition of the crystalline basement of 
Estonia is generally similar to the average composition of the 
earth's crust: but positive specialization on sulphophylic elements 
(S, Pb, Zn, Mo) and REE, prevalence of K in comparison with Na and 
deficiency of Na, Al, Be and siderophylic elements (Ti, Ni, Co) is 
characteristic to almost all rock groups and districts. According 
to the behaviour of major and minor elements the following rock 
complexes are distinguished:

1. SW-Estonian 1itnophy1ic district, rich in Fe, Ca, P, Ba, 
Sr. The ordinary rocks of JShvi block from the neighbouring NE-
Estonian district are also geochemically similar to the SW Estonian
district, especially to the S-Estoman block.

2. NE-Estonian chalcophylic district, rich in S, Zn, Pb, Mo
and also Si and K. Deficiency of Ca, P, Ba and Sr is characteris
tic.

3. Jorhv i-U1 jaste sidero-eha1eophy1ic anomalous zone belongs to 
the NE-Estoriia chalcophylic district but in comparison with the 
latter- it is enriched with Fe, Mg, V, Cr from the siderophylic and 
S, Zn, Cu, Mo, Ag, Pb, Ge, Sri from the chalcophylic groups of 
elements. Especially characteristic to Jihvi subzone are high con
tents of Fe, Mn, Cr, to Uljaste subzone - Cu.

According to geochemical features two different genetic types 
to cjuartzites are distinguished - terrigenous-sedimentary type, 
couvpaj at i ve 3 y rich in K, Na, A3, Cr, Ti, Ga, 2r, Ba and presumably 
e>ha1 ation-sedimentary type, rich in Si, Mg, S, Mn, Cu, Zn. The 
latter type is geochemi ca 1 1 y and mi rier a 1 og i ca 1 1 y very similar to 
the ore-bearing quartz rocks of the Outokumpu district, Finland.

Magnet i tic quartzit.es (Jmhvi subzone and Tallinn block) are
rich in Fe, Mn, Zn, Mo, S, Sri, Co, Cu and poor in Al, Si, Na, K.
According to the models of recent sedimentation in the Atlantic 
ocean and the contents of minor elements in the rocks of JShvi zo
ne, tuffaceous material as well as submarine hydrothermal exhala
tions played an important role in the formation of the quartzit.es.

4. Posterogenic potassium -gr̂ ani tes and rapakivi granites are 
geochemica11y clearly different from other rock groups of Estonia. 
Deficiency of Mg, Ca, Al, Sc, V, Cr, Mn, Co, Ni, Cu is connected 
with positive specialization on Pb, Mo, Sri, Zr and REE. In the che
mical composition of the potassium granites we find all the main 
tendencies of evolution and specific features of chemical composi
tion of huge blocks of the earth’s crust and the upper part of the



mantle. In this connection the tectono-magmatic act ivizat ion of the 
crystal I ine basement of Estonia ma.y be considered perspective for 
ore deposition of chalcophylic (Mo, Pb, Zn> and I ithophy'l ic (REE, 
P, Zr, № ,  Sn> elements.



ON THE GEOLOGICAL AGE OF THE CRYSTALLINE 
BASEMENT OF THE SOUTHERN SLOPE OF THE 

BALTIC SHIELD (SSBS)

V.PeterseI 1

The northern border of the SSBS proceeds from the contact of 
the Russian. Plate along the southern part of the Gulf of Finland. 
Here the crystalline basement has subsided by 20-40 m. The southern 
boundary of the slope h3s not been defined precisely. At present It 
proceeds by the zone of sub I at 1tud1naI subsurface tectonic faults 
along the slopes of the Lokno-VaIra1era basement dome.

The basement rocks on the SSBS are widely varied from the acid 
to basic raetavoI can 11es and intruslves; by biotlte and alumlnlfe- 
rous, more rarely b1o11te-amph1 bo Iite gneisses; quartzltes and 
other types. In the rocks of N and ME Estonia the interbedding of 
the "black shale*1 Is common.

The geological and geophysical data available permits subdivi
sion of the SSBS into two different structural-facies regions - 
Ta11inn-Novgerod and Estonian-Latvian regions. Considering the geo
physical fields, composition, genesis and degree of metamorphism of 
the racks, these regions are subdivided into zones and other struc
tural units. In the first region the Tallinn, Alutaguse, Jmhvi and 
Tapa zones are distinguished, the latter region is subdivided into 
the Pa 1 di sk i-Pskqjy zone, West and South Estonia.

In 1936 A. ffpik and later many other authors suggested the ex
tension of Svecofennian structures and rocks on the territory of 
Estonia from Central Sweden and South Finland. In 1974- 1976 seve
ral publications appeared, edited by V. Puura where for the first 
time rocks of the crystalline basement of South arid West Estonia, 
but also of the Pa 1diski-Pskov, Tapa and J*hvi zones are attributed 
to the Archean. It should be noted that those "Archean" complexes 
contain svecofennid-1 ike rocks of the Baltic Shield that are not. 
known from other areas of the Russian Plate.

Results of U-Pb dating show that, roet.avolcanit.es of the amphi- 
bolite facies of metamorphism from West and South Estonia, as well 
as synorogenie granodiorit.es, are similar in age, their age ranging 
from 1889-1820 million years. Thus, the rocks (or metamorphism of 
rocks) in West and South Estonia are of Svecofennian age and there 
is no reason to attribute these rocks to the Archean. By zircon the 
U-Fb age of a 1 uraini ferous gneisses is close to that of greywacke 
from Tampere region and of cjuartzite from South-East Sweden, being 
also Svecofennian.

The? determination of isotopic composition of Pb in acid meta- 
volc.anit.es, a I umini f erous gneisses and migmatite pi agi ami croc 1 i ne 
granites shows that, the most reasonable is their correlation with 
migmatite and pegmatite p1agio-microc 1ine post-folded Svecofennian 
granites of the Baltic Shield, intrusion of which took place after 
the main stage of folding.

U-Pb clawing of the age of Svecofennian metavo 1 cani c and syno- 
r o genic granodi or i t.e-gabbroi ds of the Baltic Shield has shown that 
the age of these rocks decreases from the NE to the SW, from 1950
2100 million years in Outokumpu-Oravere region to 1930-1840 million



years in West and South Estonia. This was caused by the south-west
ward increase of svecofennides also on the southern slope of the 
Baltic Shield. The estimated rate of the formation of the Svecofen- 
nian crust of the Baltic Shield was about 1 cm per year.

Small intrusions of gabbroids and granitoids are of great 
Interest for establishing geological evidences of SSBS. This group 
includes gabbro-norites of Stgula, gabbrodiorItes of Abja, grano- 
diorltes of Taadikvere, Virtsu and Mirjamaa massifs, but also 
granites from Naissaare, Jo?gala (Neeme) and Ereda. Gebbrod ior i tes 
of the Taadikvere and Virtsu massif are weakly gneissic. The age- 
dating by IJ-Pb method, however, has shown that granod i or I tes are of 
Svecofennlan, gabbrodior Ites of rapaklvi age. In accordance with 
the age and by petrochemical and geochemical data gabbrodtorites 
correlate with anorthosite-rapakivi gabbroids of the Baltic Shield, 
The occurrence of veins of plagiomicrdcIine granites in gabbrodio- 
rites of Abja massif, in its turn, gives evidence of Hoglandian 
intrusion taking place in South Estonia.



GEODYNAMICAL MODEL OF THE CRYSTALLINE BASEMENT 
STRUCTURES OF THE BALTIC AREA AND ADJACENT 
TERRITORY 'OF THE WESTERN PART OF THE RUSSIAN

PLATE

V.VetrennIkov

Based on recent formation, petrologic, geochemical and geo
physical data, characteristics were evaluated from the view reflec
tive of the peculiarities of tectonics. The analysis of Pre-Camb
rian structure of the Baltic area and adjoining territory of the 
Western part of the Russian Plate was carried out. The methods of 
crystalline basement geodynamicaI model compilation and the 
sequence of methods application of tectonic zoning and geodynamlea I 
reconstructions were used In the tectonic plate analysis process. 
Within basement structural fragments with the ocean type of crust, 
ancient Island arcs, marginal seas of the geological past, colli
sion zones, terrains, Intraplate troughs were distinguished. The 
analysis shows that In every interval of regional tectonic history 
In the Early Pre-Cambrian, areas of protocontInentaI crust 
revealed the following history which Includes; their break-up, 
moving apart of adjacent lithosphere blocks on the early stages of 
development and the following approach - at the late stages, with 
the formation of mlcrocontinents (geoblocks) and finally - their 
joining and the formation of a single continent. The tectonic
zoning and the geodynaralc model on the pIate-tectonIc basis will
facilitate ore-genetic mapping, metallogenlc forecasts, seismic
studies and directions of exploration for diamonds, ferrous and 
other ores, and as well as possibly to define more precisely 
Phanerozolc history and to reinterpret the distribution peculia
rities of heat flow and hydrothermal anomalies.



STUDY OF THE LITHUANIAN QUATERNARY DEPOSITS 

A. Jurgai 11 s, G. Juozapav ic ius, 0- Kondrat iene, V. Vonsavi<Sf us

The whole territory of Lithuania has been studied at 1:200 000 
scale., and 19,7 percent of its area - at 1:50 000 scale, 1500 of 
wells are bored taking core throughout the whole Quaternary strata. 
Its average thickness is 92 tn. According to the thickness pararaetre 
of the deposits the territory of the Republic can be dev idled into 
different zones. The latter occupies about 21 percent of the whole 
territory- The average of the thickness of the Quaternary deposits 
reaches 20 m. The first two zones are of greatest importance for 
the knowledge of the structure and stratigraphy. Six glacial sedi
mentation complexes have been determined. Their correlation featu
res require a better grounding. At the same time it is necessary to 
pay attention to the age of the burried erosion system with the 
purpose of revealing the development regularities of interglacial 
and g 1 ac i. a I bas ins.

The strati graphic distribution of the Lithuanian Quaternary 
deposits is mainly based on pa)eobotanica1 data. From the strati- 
graphical point of view .more thoroughly are studied those deposits 
which have the age of 0,78 mln years. Chronostratigrafica11y they 
are divided into five glacial and four interglacial periods and Ho- 
locene. The regularities of the development of forests and peculiar 
features of flora of all interglacial periods are determined, 
pa 1eogeographica1 conditions are restored. At present the following 
succession of interglacial periods is accepted: the oldest is the 
Turgeliai period, which is followed by Butenai, Snaigupele and 

<■' Merkine as the youngest. Chronostrat i graphy and correlation of Mer
le ine (Eemian, Mikulino) and Butenai (Holstein, Lichvin) intergla
cials create no problems. There is a good deal of confusion about 
the Snaigupele and Turgeliai interg 3acia 1s. The deposits of an age 
from 0,78 to 1,8 mln years have been studied to a limited extent. 
No detailed strat i graphi ca 1 distribution of the deposits 'of this 
age has been carried out. On the basis of the available paleobota- 
nical data it is observed that the climate of this Quaternary 
interval has changed considerably.

The following studies have been carried out. to outline the 
stratigraphy and pa 1eogeography of the Lithuanian Quaternary sys
tem :

- petrographica3 and roineraIogica1 orientation;
- orientation of long axes of peculiar boulder;
- textures or morainic deposits;
- pebbles of gravel ;
The analysis of sand and gravel textures, of granulometric and 

mineral composition of surface Quaternary deposits and geochemical 
studies of the deposits which make a separate field of lithological 
investigation enable us to determine compositional differences bet
ween separate stages, phases, and genetic types of deposits and 
pa 1eogeographica1 conditions of their formation.

Genetic classifications of moraines, of g1aciof 1uvia 1,
1imnog1acia 3, alluvial and eolian deposits are worked out. The re
gularities of the distribution of the deposits of separate genetic 
types are determined.



In the Quaternary deposits the resources of 2,1 bill, of cubic 
meters of gravel and sand are found. The distribution of these de
posits in Lithuania is irregular. The largest quantities of gravel 
and sand are determined in sandurs, gIaciof IuviaI terraces and sur
face deposits of continental dunes in South-Lithuania.

Small in size and changing in quality parameters of clay de
posits were formed in the former inner and marginal glacier basins. 
A little more important clay layers were formed in the glaciodep- 
ressions of the slopes of the hills but the largest and thus most 
important clay strata are found in the Suva Ikija and South Zemaiti- 
ja Lowlands.



COOPERATION %0F NORDIC COUNTRIES, AIMED AT SOLVING 
THE PROBLEMS OF LATE GLACIAL PALEOGEOGRAPHY. 
A MOTIVATION BY ANALYSIS OF PRESENT CONDITION

R. Karukäpp

The Holocene - Pleistocene boundary is the most important
overthrow in the course of the whole Late Quaternary history. The 
importance of the period is accented by special research programms, 
as for example IGCP Programm 253 "Termination of Pleistocene" with 
numerous working groups dealing with glacial modelling, paleocli- 
mate, drainage of large ice-dammed lakes,permafrost conditions etc.

The late glacial time is the most important period of morpho
genesis for the whole area of Scandinavian glaciation. The present 
relief and soils are mostly the products of the. late glacial time. 
In spite of the fact that Scandinavian continental ice sheet had a 
definite tendency to diminish, the correlation of local events in 
space and time is rather comp Iicated.On the one hand this is due to 
variable natural conditions,such as differences in glacial dynamics 
and climate. On The other hand, complications are caused by metho
dical differences, traditions and possibilities of investigation.

The cooperation in the field of pa IeogeographicaI investiga
tion in Nordic countries is aimed at separating local differences, 
actually existing during glacial retreat from those caused by met
hodical differences. The coordinated methods, joint field work and
dublicated analyses will garantee comparable results for plausible
conclusions.

The main zones of late glacial marginal formation are well de
veloped and can be clearly followed in all Nordic countries. A 
great number of attempts to date these zones have been done during 
the last 100 years. The most promising method for limited areas has 
been varvochrono1ogy as a direct method of dating. Long term stu
dies in Sweden have enabled the compilation of exact scale of 
varvochrono1ogy and its connection with calender chronology. By the 
time being, the connection between late glacial part of Swedish and 
Finnish varvochrono1ogies has been established (Strtftoberg, 1990). 
The varvochrono1ogy in other regions has not been so successful.

Other methods for dating of glacier retreat, are more or less
indirect. The late glacial interstadia) (warmer) periods, as 
Billing and Aller&d, have got a quite detailed local biostratigra
phical characteristics, as have also the alternating cold periods.

Abundant 14 С dates have an important role in reconsturction 
of the late glacial history. However, considering physical poten
tialities and errors of dating the results should be taken with 
great caution.

Joint, use of pa 1 eomagnet i с investigations and varvochrono 1 ogy 
has yielded good results for the areas, where it is not possible to 
correlate varve series immediately. The method enables also to
control the results pf varve teleconnections. The pa 1 eomagnet.iс
scale compiled for Leningrad district and Karelia covers 6000 years 
of late glacial time (Экман, Бахмутов, Загний, 1987) which is the 
longest for this period and can be 'žsed as a reference curve.

Careful revision of the earlier obtained dates, unified metho- 
dics, cooperation in field work and analyses help us to reach the 
real correlation of the late glacial events and reconstruct an 
authentic pa 1eogeography of Scandinavian glaciation area for late 
glacial time.



L[THOLOGlCAL-MIN ING TYPES OF DEVONIAN DOLOMITES
IN LATVIA

V. Khodlreva

Dolomltlc layers, belonging to Plavlnas and Daugava series 
of the Upper Devonian form the main dolomltlc ‘raw-material base In 
Latvia. The sections of these productive series of dolomites are 
varlab Ie.. Do I ora Ite variations have amalgamated In form with lltho- 
loglea I-mInIng types after the detailed Investigations of Plavlnas 
and Daugava series. Characterization of I 11 ho I og I ca+̂ -m I n I ng types 
of dolomites Is based on a number of llthologlcal and morphological 
features, physical and mechanical properties, as well as the use of 
different raining methods and technology.

There are good prospects for Industrial use of dolomites of 
llthologlcal mining type, e.g. for surfacing roads, building mate
rial, decorative tiles.

Ue have determined prospective sites of dolomite raw materials 
as well as the distribution of different types of dolomites.



QUATERNARY RESOURCES OF FINLAND

J. N lerne lä“

1« Economic Importance

Quaternary mineral raw materials are of great economic impor
tance as they are needed in all sectors of construction. The buil
ding and renovation of industrial and commercial facilities, hou
ses, public premises, roads and railway lines are the basis of the 
prosperity and functioning of the whole society. The following are 
some examples of the contribution made by aggregates to the Finnsh 
national economy < Kar ja 1 a i nen ?< F'ajakkala, 1985»; Niemelsf Suomi- 
nen, 1991):

- the value of soil and water engineering came to about FIN 15 
bi11 ion in 1985

- in the same year the products of soil arid water engineering 
accounted for 60X of the country’s assets, or FIN 2 £00 
bi 1 1 i on

- soil and water engineering provided employment for about 
TO 000 peopile

- about 6 000 entrepreneurs work in the field
- the transport of aggregates is currently by, far the biggest 

segment of land transport in Finland, accounting for 200 mil
lion tons a year

- although the value of the crushed rock, gravel, sand, clay and 
till used annually is only-FlM 200 - 300 million in geological 
formations, when processed and at the site of use, their value 
is many times higher.

2. Amounts of aggregate used in Finland
Finnish law does not yet require a declaration of the .amounts 

of aggregate extracted. However, monitoring of these amounts will
bly be made mandatory once the Ex tractah 3 e Land Resources Act
eeri amended. The quantities listed below ar e grand totals.
Tabe 3 e 1.
Use of aggregates 1985 1992 (estim.)
G3aciof 1uvia 1 gravel and sand 26 mill . m3 25 mill. m3
Crushed gravel 17 mi 1 1. m3 14 mill. m3
Crushed rock 9.5 mi 1 1. m3 13 mill. m3
Crushed till 0.5 mi 1 1. m3 1 mill. m3
Cl ay 0.2 mi 1 1. m3 0.2 mill. m3
Total 55.2 mi 1 1* m3 53.2 mill. m3
The use of esker material (crushed rock, grave 1 and sand) in

Finland has remained around 40-50 mill, m3 a year since the early 
1960s, but a slight drop in this amount is expected in the near 
future. The use of quarred rock for crushing is increasing and 
already accounts for 17% of total sand and grave! consumption. 
Consumption of ti11 material wi11 probably increase whi!e that of 
clay will remain constant.



3. The Quaternary raw-material resources of Finland
3.1. Gravel and sand

The resources of eskex material were assessed in the 197Cs as 
a joint, venture of the Geological Survey of Finland and the Natio
nal Board of Roads and Waterways. Over- EC 000 eskex- formations, 
with a total of almost 50 billion m3 of gravel and sand above the 
groundwater table were recorded. About 20 billion m3 are estimated 
to be under the groundwater table and possibly another 10 billion 
m3 in submarine deposits, implying that Finland’s gross grave) and 
sand resources are about 80 billion m3. The results of the inven
tory <Niemel'2, 1979) are stored at the GSF on maps at 1:20 000 and
1:200 00C scale covering the whole country. The material has also 
been compiled into a genera) map at 1:1 000 000 scale (Fig. 1). 
Most of the descriptions of l.he deposits are stored in computer 
files. A computer-based system is currently being developed, as 
there are numerous restrictions on the use of occurrences, and cus
tomers need information about those from which gravel and sand can 
be extracted. The restrictions are mainly enforced by the Water- Act 
(groundwater) and by the Ex tractable Land Resources Act, which is 
very much a protective act.

The above inventory has been revised for many areas by the
GSF. Regional inventories of gravel resources have been made only
in the Oulu urban district. Howe'er, such inventories are very im
portant because numerous areas in Finland are deficient in gravel 
and sand, and these materials have to be transported long distan
ces, as much as 60 - SO km. The GSF also makes inventories of indi
vidual occurrences on commission.
•T> O  r* » - , , . ______., . _
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The inventory of clay resources in Finland was started in the
early 1980s, and within ten years most. of the area with plants
using clay as a raw material had been assessed (Fig. 2). The inven
tories were financed jointly with plants. The purpose of most of 
the inventories was to discover clay appropriate for brick making 
but, in a couple of areas, also to find clay for manufacturing 
light-weight aggregates. At present the GSF is not engaged in 
making any clay inventories.

The estimated resources of brick clays in Finland are about 8 
billion m3. The raw material of brick clay is taken from the dry 
crust of glacial clays, which is 0.5 - 4 m  thick. Light-weight 
aggregates are mainly manufactured from young, humus-bearing post
glacial clays. Resources of these have not yet been assessed.
3.3. Til 1 resources t

The GSF has assessed till resources in different parts of Fin
land mainly for the Finnish National Road Administration (Fig. 3). 
The inventories focus on areas poor in esker material and where
crushed till can be used as a material for surfacing old grave)
roads. Stony till occurrences appropriate for crushing are estima
ted to amount to about 20 bi13 ion m3 in Finland.

Vet-sieving of till may develop into an important technique in 
some areas where substitutes for esker ;na ter i a 1 have to be found. 
Dry-sieving, much used in Sweden to obtain material for crushing, 
has not found favour in Finland



3.4. Studies on the quality of esker material, clay and till
The emphasis of the inventories made by the GSF has been on 

quantity. The quality and usability of the material have been stu
died only to a limited extent, usually by 3. customer of or a 
par tner.

The quality of the esker material has been estimated only on 
the basis of grain size, determined either visually or granule- 
metrical 3y. Properties affecting the usability of the material, 
such as sludge content and over-sized clasts, are observed for each 
occurrence.

The thickness of the dry crUst, grain size and humus content 
are always determined as factors affecting the applicability of the 
c1 ays.

The clast content (usability for crushing) and the fines con
tent of tills are determined in test pits. The granulometric curve 
thus obtained shows the amounts of crushahle material, gravel, sand 
and fines (c1 ay and silt).

References Karja!ainen, J. & Pajakkala, P., 1985. Maa- ja
vesi rakennust uotannori roi ir i 1980- 1 uvu 11a. Va 11.i on 
tekni!linen tutkirouskeskus, Tiedotteita n:o 453. 
101 s.
Niemela, J., 1979. Suomen sora- ja hiekkavarojen 
arviointiprojekti 1971-78. Summary: The grave)
and sand resources of Finland: an inventory
project 1971-78. Geol. Survey of Finland, Rep.
Niemela, J. and Suominen, V., 1991. Environmen
tal aspects of gravel, sand and hard rock aggre
gate extraction in the metropolitan area of Fin
land (in press)

Fig. 1. The gravel and sand occurrences of Finland.
Fig. 2. The assessed' clay occurrences.
Fig. 3. The assessed till occurrences.
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THE BOGS OF ESTONIA

M . 0 L' r u

Because of their importance as a. r e s  o u r c e for surface 
and underground water these strange wetlands-bogs-haunt us as 
unique ecosystems- Bogs gain respect as natural sourses of fuel as 
we I I - .

For over 80 years bogs have been an object of study and inte
rest. In 1910 the first experimental station with A. Vegesack as a 
chief was established in Estonia. An experimental bog-reservation 
was founded in Tooma, near hog-system Endla. The station is still 
operating.

In 1971 the Geological Board of the Estonian SSR (today Geolo
gical Survey of Estonia) started stock-taking investigations into 
the bogs, swamps and peat lands throughout the republic. All the 
bogs with an area exceeding one hectare were recorded. By now this 
work has been completed. Systematical investigations give precise 
data about amount, thickness and exploitation-possibi1ities of 
peats.
r Recent observations reveal that there are nearly 12 000 bogs
and peatlands, 1 505 of which are of industrial importance. Bogs
cover 25% of the area of the republic. It may seem suprising that
the greatest number of bogs are in South-Est.oni a (in VAru and Va 2 ga 
districts, about 200C - 2100). But these bogs are very small - 
covering only 2-12 hectares.

At the same time this region i s remarkable for the thickness 
of peat (16,7 m). It’s V&llamae bog on the foot of the highest
mountain of Estonia - Suur-Munarndfgi .

Thickness of peat varies: Napsi - 12,5 a; Lavassaare - 10,2 ; 
Puhatu - 8,6 m.

The largest bogs in Estonia are Puhatu, Epu-Kakerdi, Lavas
saare, Endla (reaching from 30 000 - 50 000 hectares). One . of the 
most interest ing bog-regions is FAl va district in South-East. Esto
nia where 85% of its area is known as raised bogs.

The total peat resources in Estonia are about 2,2 billion
tons - peat as fuel, peat as fertilizer.

Only 10% of resources axe fit for industrial use.
Every year 0,9 million tons of peat is used in briquette pro

duction, 1,6 million tons for lifter, in horticulture and 2,4 mil
lion tons fox composting. Briquette is produced at Oru, Sang la and 
Tool.si factories. Over 50 000 tons are exported to foreign markets 
fox gardening purposes (Italy, Germany, Holland etc.).

In the future peat moss wil 3 be used in chemical industry as
valuable raw material.

The largest. bogs that have been placed under state protection 
are those of Muxaka, Volla, Kuxesoo, Valgexaba, Oofdi, Laukasoo, 
SUmi, Kaba1 a etc.



THE BIGGEST PHOSPHORITE DEPOSIT OF EUROPE

R. Raudsep

The beginning of 1970s was crucial for explorers of phospho
rite in Estonia. For the first time the spread of a. thick enough 
phosphorite series for south of the Nor th-Es tonia. cliff all toge
ther on the area of over 1000 km2 became known. Later it became 
known as the R a k v e r e p h o s p h o r  i'te d e p o s i t .  
Similar to previously known this phosphorite presents itself in the 
Earlier Ordovician formation together with sandy sediments accumu
lated in Tremadoc epoch, in which different amounts of phosphatic 
valves of brahiopods (lamp shells) or pieces of them (detritus) can 
be found. Unlike the deposits off the North-Estonia cliff (Maardu, 
Tsitre, Toolse, Aseri) the following characteristics of the phos
phorite of the Rakvere deposit can be pointed out:

- exeptional thickness (7-12 m) of the phosphorite series;
- higher containment of phosphate (P205 - up to 15-25%);
- greater breakage to pieces of valves (phosphatic material);
- predominant detritic-sandy sediments;
- bedding of the phosphorite series in greater depth (50-210 ra);
- complexity of the deposit: in profile the oil-shale series 

lies 30-35 m higher of phosphorite;
- due to the specifics of the geological profile and the loca

tion of the deposit a number of unfavourable effects spread on 
the environment while taking it into use.
Today a small part of the deposit (the western part of the Ka

bala region) has been explored in detail, the greater part of it 
has been studied to a limited extent (Rägavere, Assaraalla, South
Eastern and Western Region, Sonda). All in all the deposits of P205 
have been explored in the following way: categories A+B+Cl -
100 444 thousand tons, C2 - 167 779 thousand tons and prognostic 
resources - 458 666 thousand tons. These resources make up ca. 1-2% 
out of the world supplies of the raw material of phosphate (P205).

The western part of the Kabala region was explored from 1982
1989 and the resources of phosphorite were to be certified i*n the 
State Comission of Mineral Resources of U.S.S.R. But a mighty fight 
against taking the phosphorite deposits into use brought about the 
fact that the report has not been looked through up to this day and 
the situation remains unchanged. Hopefully the matter will come 
under discussion in the newly- formed Comission of Mineral 
Resources of Estonia.



HARD ROCK AGGREGATE STUDIES AT THE GEOLOGICAL SURVEY OF FINLAND

V. Suominen

In Finland, over 15% of all the aggregates used are produced 
by crushing Precambrian rocks. In places where the gravel resources 
are lacking or where their use is not permitted this figure exceeds 
35%. The material from crystalline bedrock is well suited for most 
app!ications. . *

Apart from replacing gravel, rock aggregates are used for pur
poses in wicb the durability of the material is crucial, for examp
le, for surfacing roads. In 1980 the cost of surfacing public roads 
was almost F3M 500 million, i.e. 0.4% of the annual budget. Studded 
tyres, which are permitted in Finland in winter, impose special de
mands on the quality of aggregates in asphalt. The national prog
ramme executed by the Geological Survey of Finland for the apprai
sal of rock materials in rocky terrains (1989-1998) will assess 
resources of high quality rock, thus enabling authorities to issue 
permits for extraction,, ensuring that the resources are used sen
sibly and economically. At the same time, the rocky areas will be 
assessed for their landscape and ecological values. The use of 
rocky terrains will then be planned on the basis of the information 
gathered.

The nation-wide assessment will within ten years cover some 
30% of the country’s area. The work will concentrate to the
surroundings of densely populated areas, on the most important road
and railway lines and on the vicinity of large building sites. All 
bedrock geological information is collected, and an interpreted map 
wi33 be compiled before the field work begins. The quality estima
tion made by the geologist, based on observations of outcrops, is 
verified with microscopic petrography and by testing of the techni
cal properties, determined with the Los Angeles test, the Swedish 
impact test, the abrasion test and the point load test. The Finnish 
macadam classification of the National Board of Roads is based on 
values from the above tests, mainly for aggregate in asphalt., but
the same can be applied for railway building and maintenance, and
also for other constructions.

Macadam quality can be controlled with blasting and crushing 
procedures. Every rock type has its in-situ strength, and the 
macadam made of it cannot have a higher durability than the source 
rock. The macadam quality is inherited from the source rock and its 
durability depends on the mineral composition, texture and micro
fissures of the source rock or caused by the blasting and crushing. 
The durability of crystalline rock seems to depend on texture more 
than on mineral composition. It is very difficult, if not impossib
le, to predict macadam quality from lithological maps only.

Finland is a sparsely populated country with a large surface 
area. To keep transport costs at a reasonable level, a nationwide 
network of extraction sites of natural aggregate material is re
quired for the construction and maintenance of roads and railways. 
Even so, an effort is made to focus the extraction of rock aggre
gates on fewer sites, where the applicability of rocky terrains 
depends on by the quality of the rock.



The Precambrian bedrock of Finland Is an almost ubiquitous 
source of rock aggregates. The properties of late-Precambrlan silt- 
stones and sandstones, however, have not encouraged the use of 
these rocks for building. Black schists, other schists and gneisses 
rich in sulphides, micas and possibly graphite also have to be 
rejected because of their properties. Even rocks containing asbes
tos minerals must be rejected as a source of asphalt aggregate. 
The best aggregates for asphalt are finegrained, poorly foliated 
volcanic rocks, and ca taclastic me tavo! ca.nl tes, gneisses and grani
toids. The extensive areas of coarse-grained granitoids and rapaki- 
vi granites typical of southed Finland are also problematic, at 
least when used as agregate materials, as these rock types cannot 
withstand the impact and scratching caused by the studs in tyres. 
However, they are suitable for aggregate in concrete and they can 
be used in all unbound construction layers in road building. Being 
hard and often attractive in colour and texture, they have found 
extensive use as dimension stones. The waste from dimension stones 
can often be used as aggregates, but the financial wisdom of doing 
so depends on the transport distances.

The Geological Survey of Finland compiles and maintains a na
tional register of rock resources on the basis of which it writes 
reports and produces maps for the authorities. This register Is 
kept up-to-date.

Reference Niemela, J. and Suominen, V., 1991. Environmental
aspects of gravel, sand and hard rock aggregate 
extraction in the metropolitan area of Finland 
< in press)



INDRUSTRIAL TYPES OF CARBONATE ROCKS OF ESTONIA

A. Teedumsfe

The main part of the Ordovician and S i I ur ian sect ion of Estonia, 
is composed of carbonate rocks - limestones, marls and dolomites of 
great structural and textural variety, containing an abundance of 
fossils. The primary dolomites are of restricted distribution, but 
secondary do Iomitization is very widespread. The main rockforming 
components are: crypto- to microcrystalline calcium carbonate (lime 
mud) and dolomite (dolomite mud); fine-grained and pelitic terrige
nous (detritus); oolites; interclasts of earlier carbonate rocks. 
Those components occur in rocks of different proportions which form 
a great variety of rock types in the section and area.

Carbonate rocks belong to universal mineral raw materials. 
They can be used in various industries after mechanical, thermal 
and chemical treatment as well as in natural form.

The industrial importance of carbonate rocks of Estonia is 
determined not only by their material composition and physical pro
perties but also by the character of their spatial distribution es
pecially the thickness of rocks of constant material composition. 
Considering all these qualities as well as genesis, 7 general ty
pes of carbonate rocks can be considered as industrial rocks; pri
mary dolomites (S2pd, S2rk), biomorphous and coarse detritic limes- 
tone(Sljr), biohermal limestone (Q2on, G3pk, Sljr, Sljg, S2pd), 
biodetritic limestone (02on, Sljr, Slrk, Sljg), muddy-biodetritic 
limestone (02as, 02ls, 02k I , Sl'jr), crypto-to fine(ly) crystalline
(muddy) limestone (G2rk, Q2-3nb, Sljr, Slrk), secondary dolomites, 
attributed to corresponding limestones of 02as, 02ls, Q3pk, Slrk,
Sljg, S2pd.

All types of limestones, excluding the muddy-biodetritic one, 
excel in chemical purity and can be used for lime kiln feed, pulp 
and paper industry, soil improvement etc. Secondary dolomites and 
muddy biodetritic limestones in general can be used for macadam and 
building stone. The purest dolomites (dolomitized biohermal and 
biodetritic limestones) can be used in glass and metal industries. 
Primary dolomites - argillaceous dolomite with fine-grained py
rite - have very special patterns and are known as raw material for 
producing facing slabs.



ENGINEERING GEOLOGY IN FINLAND

V. Lappa lainen

In most of my previous visits to Estonia. I was representing 
the engineering geology or the Quaternary geology that was taught 
and studied at the University of Turku. Now, however, I come as a 
representative of the Geological Survey of Finland, which, half a 
year ago, appointed me to the post of research director to help our 
big institute meet the new challenges facing it.'

Many of my Estonian colleagues will be aware that the Geologi
cal Survey of Finland, the GSF for short, has been reorganized. 
Major changes have taken place, and more can be expected as members 
of the management reach retirement age (picture 1).

The GSF, which for over a century has been responsible for 
exploration, geological research and, above all, geological mapping 
in Finland, has transformed itself with remarkable speed into a 
service institute. Of course, it is still a scientific institute, 
but to respond to the needs of our time and the changes in society
it has to be able to answer many questions .related to geology
without considering them merely as scientific and academic issues.

Huge volumes of data on the geological structure of Finland, 
some of them very detailed, have been deposited in the GSF over the
years. It is only natural that use be made of this Information for
the good of this country and its inhabitants. These activities have 
Indeed been carried on for decades, because the geological maps 
and the maps of Quaternary deposits are an invaluable source of 
information for those wh'o know how to exploit them. Establishing 
the location and tonnage of gravel resources, ores and other 
industrial minerals and stones, locating groundwater resources and 
so*on have all clearly contributed to advances made in Finnish
society.

However, this work, useful though it has been for our country, 
is only poorly known to most of the people living there, including 
those responsible for the national economy. Geology is not given 
the recognition it deserves, and it is not taught in our schools at 
all. Consequently, Finnish politicians have only very vague ideas 
about geology as a whole.

The GSF, which for years has been working in the realm of 
science, to a certain extent isolated from everyday life, fjas ope
ned its doors to the outside world. It has started to market its 
know-how by reorganizing its activities, and as a result some of 
the staff are now engaged in the various service branches of geo
logy. All the experts of the Survey can be called on to help solve 
geological problems. Some of these problems may he big, others 
small, but we try to solve them all, either through new geological 
studies or by searching our records for the knowledge required. The 
answers are given to the customer as reports, either orally or ih 
writing. According to our new payment system we now charge custo
mers for work we do for them. However, such sevices subject to
charge are only one part of our geological activities. The opera
tions of the GSF still depend on budget appropriations, and the 
hulk of its work is basic scientific research, increasingly, howe
ver, with a practical bias.
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Engineering geology has been a latent component of Finnish 
geology for many years. However, it was not firmly established as a 
competent branch of geology in the service of the nation until the 
1960s. This trend îs not uniquely Finnish, but has taken place 
elsewhere in Europe, too. Although, the roots of Finnish engi
neering geology can be traced back to the 1930s, to the Finnish 
State Railways, the discipline did not really start to make prog
ress until the 1960s, with the rapid construction of roads and 
rebuilding of railways. The teaching of engineering geology started 
at Tampere University of Technology in the 1970s and at about the 
same time at the University of Turku. To-day the discipline is of 
paramount importance for community planning, and the number of 
engineering geologists has grown considerably in Finland. Almost 
all of them work for private or communal engineering companies or 
the Finnish National Road Administration.

In its new role in service research, the Geological Survey of 
Finland was made aware of its shortcomings in this sector by the 
fact that the first big commissions from the Finnish government 
were heavily geared towards engineering geology. Although we are 
confident that ye shall cope admirably with these tasks, we have to 
admit that, to succeed in Finland, a geologist should have a good 
understanding of the economic and technical principles underlying 
engineering geology.

What, then, is engineering geology? To begin with, it is a 
branch of science that, is soundly based on geology, both in theory 
and in practice. In 1990, GE0T1MES, and American journal with a 
worldwide distribution, published a review article on the subject 
of geology. Geology was divided into nine major branches and ,42 
subbranches. The first, two major branches were economic geology and 
a combination of engineering geology, environmental geology and 
hydrology. These three latter, together with economic geology, are 
what we understand by engineering geology in Finland. It includes 
the principles of soil mechanics and rock mechanics as well as the 
ability to make use of information obtained from drilling and 
sampling. Engineering geology is the application of the geological 
sciences to engineering practice for the purpose of assuring that 
the geological factors affecting the location, des i gn, construct, i on, 
operation and maintenance of engineering works are recognized and 
adequately provided for.

It is obvious that geological research, which the GSF is obli
ged by decree to undertake in Finland, cannot neglect internal 
training, in this case, in engineering geology. 1 myself am a 
Quaternary geologist by training and started my career as a geolo
gist in the old Geological Survey of Finland in the 1950s. X^e emp
loyment situation being what it. was, prospects for advancement with 
the GSF were limited. Thus, in the course of my career 1 have ser
ved both government, and private companies in a variety of demanding 
posts and also universities as a professor. 1 have seen, so to 
speak, the world and come to the conclusion that the successful 
geologist, roust have expertise in some sector important, for the na
tion’s prosperity. One of these, and currently a very important 
one, is engineering geology.

Engineering geology has developed in different countries along 
the lines dictated by national character-i s i  cs. Estonia is in a 
special position, as your engineering geology is highly advanced, 
even in theory, and from the Finnish point, of view your engineering 
geologists are to a great extent geot.ec.hni clans, i.e. soil and 
foundation engineers. In Finland, geotechno 1ogy is included in the 
engineering sciences. We might say that- the task of the Finnish



engineering geologist comes to an end when it is time to start 
dealing with stresses and their effects on a geological formation 
and technical constructions. Geologists consider the geological 
mass as material produced by geological processes, whereas engi
neers see the geological mass as a mechanical mass characterized
by certain mechanical properties. The differences in approach are
largely philosophical.

This is briefly what 1 mean by engineering geology. In my 
opinion, it covers a wide field in today’s technologically oriented 
society. However, engineering geology should not be defined too 
narrowly. It is closely associated With hydrogeology and environ
mental geology. Generally speaking, we,might say that all the plan
ning and construction dealing with the geological mass, the geolo
gical formation, are engineering geology of a kind. Therefore, en
gineering geology needs the continuous support of the geological 
information produced by geological and other basic research.



GEOTECHNOLOG[CAL PROBLEMS OF GROUND WATER 
MANAGEMENT IN LITHUANIA

E. Bendoraitis, K. Dumclus, J. Diliunas

Geotechno Iog1caI problems connected with ground water withdra
wal and estimation of its safe yield are determined by natural and 
technogenic factors: lithology of aquifers, chemical water compo
sition, bottom deposits of surface filtration 'installations, ma
terial and constructive elements of captage installations, work re
gime, anthropogenic disturbance of water quality. Under their ef
fect colmatage processes of captage filters and surface infiltra
tion reserves are manifested intensively. They determine an incomp
lete assimilation of the estimable ground water resources. Under
intensive exploitation rather often unconditioned water adjacent 
aquifers are intruded.

A second group of geotechnoJogica1 problems is connected with 
the concentration of ground water withdrawal stimulated by econo
mics of the withdrawal and the deficit of the .resources.

For the solution of these problems variuous geotechno 1ogica1 
methods are used in Lithuania. They can be devided into three 
groups:

- get a maximum productivity of captage installations and to
maintain it stable for a long time;

- concentrate the withdrawal of ground water resources;
- improve the ground water quality "in situ".

To reach effective and stable productivity of captage instal
lations various filters are used associating their construction 
with mechanical and chemical characteristics of hydrogeological en- 
vironnent. A new method of the perforation of laser tubes meant for 
the production of fissure filters is patented. Widely used are 
pneumoimpulsive, reagentic and combined well filter regeneration 
methods.

For the' concentatlion of ground water withdrawal in coastal wa
ter intakes direct and indirect methods of the artificial recharge’ I ' 0of their resources are used. Direct methods are realized by direc
ting water of rivers to special infiltration basins, canals and 
wells. Indirect methods are realized by choosing such a captage 
scheme which guarantees the most optimum infiltration of river 
water to aquifers. To realize this artificial ground water recharge 
method a radial well of original construction is installed under 
the Nemunas bed. Horizontal drains are bored using rotatory method 
which is rarely used in a world hydrogeotechnica1 practice. On the 
whole in Lithuania about 60 percent, of ground water is obtained 
from infiltration water intakes.

To improve ground water quality "in situ" the VI REDOX method 
is being used. It is realized in water wells according to cyslic 
infiltration-pumping scheme. The possibilites of the use of bio
degradation and hydrodynamic methods for the redistribution of the 
balance of resources are being studied.



GROUND WATER RESOURCES IN LITHUANIA; SAFE 
YIELD ESTIMATION AND QUALITY PREDICTION

J. DiIiunas, A. Zuzevicius, А. К 11mas

Hygienically, technologically and economically speaking the 
quality of drinking water from underground water sources is more 
rational than processing drinking water from surface water sources. 
Safe yield of fresh ground water for Lithyania is estimated 3,2 
million cubic metres per day. Fresh ground water constitutes the 
upper hydrodynamLe zone of the artesian basin, the thickness of 
which ranges from several metres to several hundred metres. Mine
ralized water lies deepef. Ground water,. forming the first un
confined aquifer is to some extent regionally polluted as a result 
of economic activity. That explains why supplying the population 
with drinking multi high quality drinking water from underground 
sources becomes problematic.

Hydrodynamic balance of layer hydrogeological system is 
disturbed by intensive exploiting of ground water. Reducing hydrau
lic pressure in the exploited aquifer results in its replenishment 
by water from nearby aquifers and surface waters. Thus, safe ground 
water yield (Qs) is formed with the help of different sources which 
can be presented as the sum of natural resources (Qr).), natural re
serves <Vr) and replenished resources <Qrr).

Disturbances of hydrodynamic balance, however, are often 
followed by the disturbances of hydrochemical balance. As a result 
of the above-mentioned chafjge we get "new" water with new chemical 
composition which in interaction with rocks changes the compos ion 
of the received water. This phange may sometimes be positive - 
e. g. freshening of saline water. But in most cases it leads to 
abnormal deterioration of intensively exploited ground water quali
ty.

The quantity of any qualitative index in the exploited water 
can be estimated according to the equation;

(Qr+Vr) x Cr+Qrr x Crr
Cs = ----------------------

Qs
where Cs - quantity of the unknown quality index in the exploited 
waterjCr and Crr - quality index of the above - mentioned sources, 
forming the safe yield.

The quality of water in natural reserves and resources <Cr) 
is dependant on natural factors determining ground water’s chemical 
composition. The only source of ground water pollution in isolated 
confined aquifers is natural unconditional (mineralized) water, 
available in the exploited aquifer.

The threat to water quality at. such water intakes arises only 
when they are located too near to the boundaries ofunconditiona1 
water. Natural reserves and resources of ground waters in the 
Baltic, being poorly protected from anthropogenic pollution, as it 
has already been mentioned, cannot everywhere be used for consump
tion. Water quality at the intake replenished by resources from the 
neighbouring aquifer and surface waters is problematic too. Chemi
cal composition of exploited waters may change due to natural 
unconditional water flow from beneath or ant.hr opogeni ca 1 1 у polluted 
ground water from above. The quality of surface water is decisive 
for. coastal water intakes.



THE ECOHYDROGEOLGGICAL ESTIMATION OF INFILTRATING 

WATER INTAKE OF KLAIPEDA

M.Gregorauskas, A. Kondrataa, R. Mokrlk

The third water Intake of Klaipeda Is an Infiltrating one with 
artificial supply of exploiting resources. The Klaipeda canal w a 
ter Is characterized by high contents of organic stuffs and also of 
other organic and technogenic ingredients. It is' used for filling 
up the ground water resources. The results of mathematical model
ling indicate that the main part of ground water resources (90%) of 
the third water intake of Klaipeda is formed at the expence of
influx from the'canal, and almost all of the rest (9*) - at the
expence of infiltrating feeding. Thus, the formation of ground w a 
ter quality mainly takes place in the zone of infiltrating canals, 
that is why all the pollution Investigation should be concentrated 
jus t there. • ’

The ground water of the water intake is unreliable from the 
bacteriological point of view and therefore it should be chlori
nated. The secondary chlorinated hydrocarbons are formed as the re
sult of water processing with the chlorine and they are harmful to 
human health.' The removal of these hydrocarbons from drinking water 
is connected with great difficulties, that is why it is necessary
to process it and to introduce optium technologies of water prepa
ration instead of the traditional method of chlorination.

The analysis of organic hydrocarbon in the samples of surface 
water show the usual concentration of dissolved organic stuffs - 
8 - 1 0  mg/1 for this seashore region. The humus stuffs, including 
humus acids, fluctuate within the limits of 0,1 to 0,25 mg/1 and 
f u 1vo acids - from 0,4 to 0,92 mg/1. The chlorinated hydrocarbons 
are present in all the samples of ground water in the third water 
intake that undergo chlorination. These are presented in the samp
les of chlorinated hydrocarbons, mainly chloroform and methylen
chloride, bensol and tuloul in some cases.

A number of samples contain metane in increased quantities,1ou 
aromatic hydrocarbons and heavier combinations. Phenols do not 
exceed MCL. Experiments showed that technology of chlorinating 
should be abandoned while substituting it by ozonization and filt
ration through the membranes of activated carbon or reolites.

The modelling also showed that only the 'upper part of the 
aquifer (4-5 m>) takes part in a more active water exchange in the 
zone of Kurshiu Marios Gulf. This explains the existance of hetero-^ 
geneous hydrochemical background in the ground water - the water in 
the lower part of the aquifer, is more metamorphisi zed than that, in 
the upper one.

Ue meet intensive pollution with increased mineralization 
where sediments are taken from the sea; sulphates and chlorides get 
into aquifer from organogenic sediments and increase the minerali
zation of the ground water. With the change of hypergenic condi
tions the concentration of sulphate and nitrate ions in aquifer 
changes.



GROUND WATER MONITORING IN LITHUANIA

*- . v V. Juodkazis, K.Kadunas, B. Paukstys, V. Zemaitls

Fresh groundwater is the main source of the drinking water for 
urban communities, industry and agriculture of Lithuania. At pre
sent consumption of drinking water reaches 1,4 mill.m3/d., 14 1000 
wells are drilled for water, including 1300 at municipal water 
intake stations. Management of the present water supply structure 
as well as protection of'groundwater resources from contamination 
and depletion requires a well - organized monitoring system.

From the functional point of view monitoring is the system of 
observations recurring in time and space of the components of the 
natural spheres. It pursues a specific aim and has a programme made 
beforehand. Monitoring involves observation of hydrogeological 
parametres, systematization and accumulation of information, ev a 
luation of the current situation and forecast of what is expected 
to happen. Monitoring in relation to hydrosphere is subdivided into 
global, regional and local.

There are several levels of observation systems. The lowest 
level includes single points of observation like wells, springs. 
Observation points, intended for observation of different aquifers 
form a post. A system of single points and posts forms a poligon. 
There are two types of poligons: local and regional.

Local poligons deal with specific problems whereas regional 
are set up for accomplishing complex hydrogeological investiga
tions. In Lithuania there is one regional poligon (Vilnius) and 
four local poligons which are the following: karst- region of North 
Lithuania, lgnalina nuclear power station, Karsakiskis and Klaipeda 
municipal water intake stations.

The authors intend to give an ove&iew of the investigations 
on poligons, structure of the observation network, objectives and 
results as well as suggestions to apply the results in regjons with 
similar nature and technogenic conditions.



CHANGES OF HYDROGEOLOGICAL CONDITIONS IN 
ESTONIA UNDER INFLUENCES OF TECHNOGENOUS

FACTORS

L. Savitskaja

It is taken for granted that as a result of human activity in 
hydrosphere there are processes which change the balance being 
established thousands of years ago.

The hydrogeological conditions in Estonia have the following 
features: ,

- monoclinal descending of waterbearing rocks southwards all 
aquifers come to the surface in North Estonia'(and at the 
bottom of the Gulf of Finland) and immerse under young 
deposits towards South;

- in North Estonia b^ssured and karstificated carbonatic Silu
rian and Ordovician rocks are widespread, which 3C& also the 
main agricultural water supply source;

- aquifers keep in touch with the sea for a distance of 1200 km.
It’s possible to divide technogenous load on the area of Esto
nia into two groups:
- water intake plants, dewatering, land reclamation;
- sources of watet pollution.
Total water consumption of underground water consists of 1,37 

million m3 per day. (Operational load occures to be in the North 
204,8 m3 per day, in the South 10 m3 per day, average 25 m3 per 
day on 1 km2.

Average technogenous load from the sources of pollution is 
73,9 thousand tons per year on 1 km2, including up 830 thousand
tons per year on 1 kn>2 in the North.

The influence of technogenous factors has caused the following 
changes of hydrogeological conditions on the territory of Estonia:

- extensive depression cones of lower aquifers have appeared;
- a potential possibility of saline water flow to water intakes;
- land subsidence is taking place in Tallinn;
- groundwaters from surface aquifers consist of nitrate contents 

to 45 m g / 1 on the area.
Hydrogeological conditions of Estonia have been studied well. 

However, with the purpose of the human activity regulation it is 
necessary to perform more detail investigation in geoecology for 
trustworthy forecasting and drawing up the measures, which will 
diminish the influence of technogenous factors on the geological 
env i ronment.

ft necessary to create constant models of ecologically unfa
vourable areas to make large-scale hydrogeological surveys, further 
study of water-gas-rock’s processes by various methods, underground 
water regime observations as a base information of their state.

It is necessary to work out. methods of drawing maps of maximum 
permissible technogenous loads for various hydrogeological con- 
ditons.



MINERAL WATERS OF KURESSAARE

V.Tassa

Research Into the deposits of mineral water was started In 
1959 when the geo IogicaI-hydrogeo IogicaI mapping of Estonia was 
launched on a scale of 1:200 000. Since that period up to now 
nearly 25 sites of mineral water have been investigated.

12 sites have gone through detailed investigation and been 
recommended for usage.

In 1989-1990 hydrogeological investigations were carried out 
the results of which enable to start using two types of mineral 
water in Saaremaa.

In the K-3 borehole in the depth of 540-555 ro the S«*ru water 
layer of the Lower Cambrium ground water complex was opened. The 
delivery of the borehole was 3.383 1/s <287 m3/d), after the fall 
of water level 13.4 m. Static water level reaches 14.0 metres 
above sea level.

By chemical consistence it is a ch1 oridic-ca1cium-natrium 
water with a mineralization level of 3.7-4.0 g/1 of microcompo
nents the water contains considerable amounts of Br <14 mg/1) 
an«.; 3 <18 mg/1). The water does not contain any harmful elements 
and Its bacteriological consistence meets the standards estab
lished.

During long-time observing spontaneous gas removal which iclu- 
ded 94% of nitpgen, 2.6% of helium and 1.2% of argon was perceived. 
The« share of other gases was not remarkable.

The consistence of uranium and radium in the water did not 
exceed their corresponding background v.alues. Interesting data re
lated to the isotopic consistence of the uranium found in the water 
has been obtained. The water of the S6ru layer contains U 234. The 
ratio of uranium protons =234 11/238 U exceeds 53.5. Such kind of 
ratio does not verify the share of seawater in the formation of 
groundwater but enables to admit that its formation is connected 
with a deep regional tectonic fault.

The ratio of isotopes determined in the water derived from the 
K-3 borehole is quite unique being the first of its kind in the 
history of isotope research.

The water of the S&ru layer is recommended for curative pur
pose for people who suffer from chronic gastritis, enteritis, ente
rocolitis as well as from different liver and bilary diseases (nor
mal or subnormal acidity).

Mineral water can also be used as bath water when treating 
different reumatic, nervous system and other diseases.

In the K-4 borehole the depth of which was 502 metres the 
Soela water layer (between 458-502 m) was opened. The delivery of 
this layer was during a long run 1.20 1/s <109 m3/d), after the
fall of water level-3.9 m. The static level of the water reaches 
10.4 m above the surface of the soil. The mineralization level of 
the slightly salty water is 2.07-2.13 g/1. By its chemical consis
tence it is hydrocarbonate-ch1 oride-ca1cium-natrium water. The 
water of the Soela layer does not contain any detrimental elements. 
Bacterio1ogica11y it’s also clean. The water meets the requirements 
set for people with chronic gastritis, enteritis, d^eroco1itis, 
liver and bilaty diseases (normal or subnormal acidity).

On the bas is of investigations conducted the amounts of water



usable for consumption purposes were calculated both for the K-3 
("Kuressaare 1 ” water) (297 m3/d> and the K-4 ("Kuressaare 2" 
water) (109 m3/d) boreholes. The supplies were registered in the 
territorial commission of supplies where they were classed to 
belong to the category A.



CONCLUSIONS
of the first Geological Conference of the Baltic Sea 
States held at Lohusalu, Estonia April 15-19 1991

We, the participants of the Baltic Sea States (representing 
Estonia, Latvia, Lithuania and Finland) Geological Conference app
laud the idea of cooperation as timely and necessary and propose 
the following guidelines:

- exchange of timely information
- agreements on proposed research
- support for the independence of Estonia, Latvia and Lithuania
We propose to invite representatives of geological organiza

tion and individual scientists having an interest in the Baltic Sea 
Countries, such as Finland, Sweden, Norway, Denmark, Germany,
Poland, Estonia, Latvia, Lithuania and Russia (Leningrad, KaIi- 
ni ng rad). i

We propose to organize a conference each odd year with atten
dance limited to 100 participants. The theme shall he the preroga
tive of the host country, taking into consideration proposals of 
other participating countries.

The next conference will take place in April 1993 in Lithuania 
as proposed by the Lithuanian delegation.

We also encourage the exchange of current research information 
among Geological Survey and research organization chiefs each even 
year. The primary purpose of these meetings would be the exchange
of technical information and coordination of research projects.
Such a meeting could be held i*n Tallinn Estonia in April! 1992.







THE GEOLOGICAL SURVEY OF ESTONIA published in 1991:
- annual of the Geological Survey of Estonia 1990.

In 1991-1992 will be published:
- state of groundwater (Estonian and Russian versions), bulletin 

of Hydrogeological Department of Estonia;
- advertising bulletin in two versions (Estonian and English);
- instructions for the liquidation of boreholes;
- set of geological maps of Estonia at 1:2 500 000 with explana

tory notes (Estonian, Russian and English);
- annual of the Geological Survey of Estonia 1991;
- bulletin of the Geological Survey of Estonia 1 and 2.

RE EESTI GEOLOOGIAKESKUSESes ilmus 1991.a.:
- Eesti Geoloogiakeskuse aastaraamat 1990.

1991-1992 ilmuvad veel:
- Eesti Hüdrogeoloogia Töökonna bülletään põhjavee seisundist 

(eesti- ja venekeelne variant);
- Eesti Geoloogiakeskuse reklaamprospekt kahes variandis (eesti- 

ja ingli skee1ne);
- puuraukude likvideerimise juhend;
- 1:2 500 000 geoloogiliste kaartide komplekt koos seletuskirja
ga (eesti-, vene- ja ingliskeelne);

- Eesti Geoloogiakeskuse aastaraamat 1991;
- Eesti Geoloogiakeskuse Toimetised nr. 1 ja 2.


