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INTRODUCTION 

The geology of the Estonian Soviet Socialist Republic (Estonia) 
has become the object of excursions of the International Geo
logical Congress for the second time. It happened first in 1 897  
when the excursion of  IGC visited North Estonia (and the ter
ritory of the present Leningrad District) under the guidance 
of Academician F. Schmidt. Such recurrent interest is justi
fied in view of the classical development of the Lower Pa
laeozoic in our region and the results of investigations ohtained 
by geological institutions of the republic. The excursions 
of the 27th IGC are designed, firstly, to provide a review of 
the stratigraphy, palaeontology and lithology of the Estonian 
Early Palaeozoic and associated useful minerals in the light 
of recent investigations (excursion 028) ,  and, secondly, to give 
a survey of the problerus and some results of hydrogeology in 
a mare extensive area of the northwestern part of the Soviet 
Union (excursion 027) .  

The routes of the excursions are presented in Figs. 1 and 2 
(see the inner' side of the covers) against the scheme of geo
logical structure of the excursion area which will indude cer
tain parts of the Estonian and Latvian SSR, �s well as Lenin
grad, Novgorod and Moscow Regions of the Russian SFSR. 

Excursions 027 and 02 8  will proceed along the Russian plain 
characterized by a slightly dissected low relief. Only in a few 
places absolute height of surface extends to 300 and mare 
metres. The lower areas lie at the coast of the Gulf of Finland 
serving as the main base of drainage for the whole territory. 
In the eastern part of the territory the highest places occur in 
the Valdai Upland. An abrupt bedrock cliff -- the Ladaga
N orth Estonian Clint proceeds from Lake Ladaga to the west 
along the southern coast of the Gulf of Finland. The largest 
rivers are Narva, Neva, Svir and Volkhov. The upper reaches 
of the Volga River are located in the Valdai Upland. 

The climate is moderate or moderately cold and humid. 
February is the coldest month here, its average temperature 
drops to - 1 1  °C. The highest average monthly temperature, 
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+ 1 8°C occurs in July. The mean arnount of annual precipita
tion ranges from 500 to 750 mm. 

Almost the whole territory involved in the route lies in the 
north-western part of the East European Platform. The latter 
is composed of the Upper Proterozoic to Permian sedimentary 
rocks lying upon the Archean and Proterozoic crystalline 
basement. 

The crystalline basement is overlain by the Upper Protero
zoic, prevailingly terrigenous rocks, with the lower part of 
the unit being represented by effusive rocks and the upper 
one by sandstones. The Cambrian is distributed nearly through
out the whole territory. It is composed of a variety of diffe
rent sandstones, siltstones and clays. Among them is note
worthy the so-called Blue Clay (Lontova) Formation of 
about 1 00-1 30 m in thickness in the environs of Leningrad; 
however, in places it is thinned out. 

The Cambrian terrigenous rocks are overlain by the Ordo
vician and Silurian carbonate rocks. Most commonly they are 
represented by different limestones, marls and dolomites. 

The Devonian lies upon the eroded surface of the older 
Palaeozoic rocks (Fig. 3). In general they consist of different 
sandstones and siltstones, and in the Upper Devonian also of 
carbonate rocks. 

Carboniferous, mainly sandy-clayey rocks are distributed 
in the eastern part of the excursion area, while Permian sand
stones and silty clays are spread only in a restricted area. 

The thickness of the Quaternary cover varies from 0 .5  to 
5 m in the areas of plateau-like elevations ; in lowlands and 
uplands it usually reaches 1 0-20 m, sometimes even 100 and 
more metres. Most frequently they are represented by rubbly 
loamy till; however, aqueoglacial sands and gravels and 
lacustrine clays, marine and eolian deposits as well as peat 
are also distributed. 

The study area is related to two vast structural-tectonic 
regions: the submerged part of the southern and south-eastern 
slope of the Baltic crystalline shield and the western part of 
the Moscow syneclise. The basement surface has a low dip to 
the south-east under the angle of 1 2-15 ' .  The Valmiera -
Lokno swell with the amplitude of about 400 m serves as a 
well-pronounced tectonic structure of the secondary order at 
the boundary of the Estonian and Latvian SSR. Dome-shaped 
structures and archlike elevations as well as tectonic fractured 
zones are characteristic of the Palaeozoic rocks. In the Palaeo
zoic carbonate rocks the latter are often complicated by karst 
phenomena. D. Kaljo, L. Vallner 
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A REVIEW OF THE GEOLOGY OF THE ESTONIAN SSR 

1. History of Investigation 

The first publications on Estonian geology date from the end! 
of the 1 7th century (these were the descriptions of Narva 
waterfall and a minerai spring at Koorküla) .  A hundred years 
later Academician Georgi reported about the discovery of oil 
shale in North Estonia; however, geological investigations 
remained sporadic throughout the 1 8th and first half of the 
1 9th centuries. Of consequence were the works by E. Eichwald 
(his first paper appeared in print in 1 825 )  who presented a 
more or less complete stratigraphic subdivision of bedrock 
and described a great number of fossil species. He was the 
first to advance the idea that in the diluvial time a part of 
Estonian territory was covered by glaciers. 

The middle of the 1 9th century brought about the «Golden 
Age» of investigations marked by the publication of funda
mental works by A. Schrenk, F. Schmidt and K. Grevingk, 
which laid the foundation of modern stratigraphic scheme; in 
that period the palaeontological monographs by C. Pander 
(conodonts, agnathans, etc. ) ,  H. Asmuss (fishes) ,  I .  Nieszkowski 
trilobites), W. Dybovski (corals) ,  F. Rose:1 (stromatoporoids}, 
F. Schmidt (trilobites, brachiopods)  and several others were 
published. In Quaternary geology, heside the above-named 
A. Schrenk and F. Schmidt (his first works dealt with the 
drift theory, and later on he made a great contribution to the 
glacial theory) one should point out G. Helmersen who studied 
erratic boulders, the structure and development of coasts and 
several other problems. 

As a result, by the beginning of the 20th century an excel
lent stratigraphic scheme of the Estonian Lower Palaeozoic 
had been elaborated (Schmidt, 1 8 8 1 )  and the main types of 
Quaternary deposits established. This provided a basis for the 
compilation of the first geologic sketch maps. 

5 



The turn of the century was characterized by a certain 
slack in scientific activities. Another period of intensive stu
dies be,gan in the 1 920s with the first generation of Estonian 
geologists settling down to work (H. Bekker, A. Luha, A. Öpik, 
K. Orviku et al. ) .  The stratigraphy of Ordovician and Quater
nary deposits underwent an improvement, a considerable num
ber of palaeontological and the first lithological monographs 
appeared in print. Great attention was paid to the investigations 
of the minerai wealth of the republic. In the issue, in 1 9 1 8  
an open-cast mining of oil shale (kukersite) was started 
at Kohtla-Järve. By 19.40 a production level of 1 . 9  million 
tons of shale annually had been attained. The first phosphorite 
mine went into operation in 1923  at Ülgase in the vicinity of 
Tallinn. In 1 939 a mine at Maardu was put into use, as a result 
of which the production level reached 20 thousand tons of 
phosphorite annually. 

After World War II scientific investigations rose to an 
entirely new level. If before this the leading role was played 
by the staff of the Tartu University and foreign scientists, after 
in Soviet Estonia there were several specific organizations es
tablished - the Institute of Geology of the Academy of Sciences 
of the Estonian SSR in 1947 ,  the Board of Geology of the 
Estonian SSR in 1 9 5 7 ; in addition, groups of engineering geo
logy were founded at several designing institutes, which in 
1979  were partly joined into the State Engineering Research 
Institute. 

The number of geologists, geophysicists, geochemists and 
other speci2lists amounts to more than 300 at such institu
tions. This enables us to deal with a wide circle of problems 
coneerning different aspects of Estonian geology, providing 
the national economy of the republic with indispensable raw 
material. A set of different geological maps of the Soviet 
Baltic area (10 maps in all) and an explanatory monograph 
published recently (fpJ1THJIMC, pe.n;. ,  1 9 82 )  generalize a consider
able arnount of new data, especially the results of geological 
mapping, and may thus serve as a good guide for those wis
hing to learn about Estonian geology. 

D. Kaljo 

2. Geotectonic zonation 

The Estonian SSR is located in the northwestern part of the 
East European Platform. Its geology was determined by the 
development of several different scale tectonic structures dis-

6 



6AJITJ1ifCKJ1M 

-- 20!1 
-zoo 

Xf/lbCI4HKI1 
HELSINK/ 

--- 2 

Fig. 3. Main geotectonic structures (according to V. Puura): 1 - isohyp
ses of the surface of crystalline basement; 2 - rupture dislocations; 3 -

south-western border of discordance beLween the Devonian and the un
derlying Ordovician or Silurian rocks; 4 - geotectonic structures of 
second orders (1 - West- and 2 - East-Estonian monocline, 3 - Võru_ 

saddle). 

tinguished by the position of the crystalline basement surface 
and geological compositian of sedimentary rocks. 

According to P. Suveizdis, A. Brangulis and V. Puura 
(CyBeH3;:\MC, BpamyJIMC, Ilyypa, 1 9 7 9 )  the maj or part of the 
Estonian territory lies within the boundaries of the southern 
slope of the Baltic shield, and only the area adjacent to the 
current Riga Gulf is referred to the Baltic syneclise (Fig. 3).  
The above named authors regard the first structure as a tran
sitional zone- bordering on the Baltic shield in the north and 
on the Baltic syneclise and Latvian saddle in the south. It 
falls into West and East Estonian monoclines, Võru saddle and 
Valmiera - Lokno swell (Fig. 3). 
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The above bcundaries of tectonic structures are rather dis
tinct in the distribution of Early Palaeozoic facies as well (see 
next chapter), which accounts for their long-term character. 
For example, the main facies boundary which in the Ordovi
cian and Silurian divides the Baltic territory into the East 
and West Baltic structural-facies zones runs close to the 
boundaries of the Baltic syneclise or along their extensions 
on the southern slope. The main dislocation zones with a 
hiatus in continuity are related to these boundaries. For 
example, the Paide fault zone divides the Estonian monocline 
into two parts (see above), whereas the Liepaj a-Riga
Pihkva zone of echelon-like dislocaL:ms and faults borders on 
the Baltic syneclise and Latvian saddle in the north. 

It stands to reason that the geotectonic plan of the territory 
and the activity of tectonic movements in different parts of 
the paleobasin have undergone recurrent changes during the 
Early Palaeozoic (see Figs. 4-8). Fig. 3 shows the final 
situation. 

D. Kaljo 

3. Stratigraphy and lithofacial characteristics 

The current stratigraphic scheme of the Estonian Lower 
Palaeozoic and Quaternary is based on a considerable number 
of recent investigations. The main results ohtained through 
these studies are presented in the following generalizing pub
lications (provided with extensive lists of references as well) 
on the crystalline basement - IIyypa, Baxep, :KJieHH 11 ,n;p. ,  
1983 ;  on the Vendian and Carobrian - MeHe, II11ppyc, 1977 ;  
on  the Ordovician - MJIHHMJI, 1 966;  PhihiMycoKc, 1970 ;  on  the 
Silurian - :KaJibo, pe,n;., 1970 ;  Kaljo, Klaamann, edit. , 1 9 82 ;  
o n  the Devonian - CopoKMH, pe,n;. , 1 9 8 1 ;  o n  the Quaternary 
deposits - PayKac, 1 9 7 8, etc. 

On the grounds of the stratigraphic scheme compiled by 
preceding investigators, the present generation of stratigraph
ers has elaborated a new scheme which differs from the 
previous one by its basin treatment of the problem. The study 
of sections from subsurface areas has enabled us to establish 
the spatial relations of stratons and pay much more attention to 
facies analyses of the rocks. 

The results ohtained are summarized in stratigraphic sche
mes accepted in 1976 at the Baltic Stratigraphic Conference in 
Vilnius. These schemes (with respeet to the Estonian SSR) are 
presented below (in a somewhat generalized form) with some 
corrections made in recent years. The schemes for the crystal-
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Fig. 4. The lithological-palaeogeographical map of the Lontova time, 
Early Carobrian (simplified from KeJIJiep, Po3aHoB, pe� .• 1980): 1 - pre
valently clays (up to 50% of rocks) ;  3 - same, up to 75% of rocks; 4 -

same, up to 90% of rocks; 5 - prevailingly silts, clays form 10-25% of 
the rocks. Composition of continental areas: 6 - sedimentary rocks; 7 -

crystalline rocks; 8 - main directions of influx of terrigenous material; 
9 - border of the contemporary distribution of rocks; 10 - boundary of 

lithofacies; 11 - suppositional shoreline; 12 - state border. 

line basement, Vendian and Devonian which have not been 
included in the programme of this excursion are given with
out subdivisions below the rank of formations. These schemes 
(Tables 1, 5)  are provided with short characteristics of stratons. 
In Cambrian, Ordovician and Silurian schemes these data are 
lacking, as they are given in the subsequent text. The schemes 
show also maximum thickness of the corresponding unit (if 
there are no other adjustments). 

According to the lithology of the rocks, the· Estonian Lower 
Palaeozoic may be divided into two parts, the first of which 
will include Vendian, Carobrian and Tremadoc dominated by 
terrigenous, and the second one Ordovician since Arenig and 
Silurian with carbonate and fine-terrigenous rocks prevailing. 

The compositian of deposits is rather variable in the section 
and area. Some idea of it may be derived from the lithologi-
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T a b le 1 
Archeen and Proterozoic •tratigraphy of Estonia 

!standard and Loe a I  u n  i t  s 
:regional unlts 

I Voronka Formation: light quartzose differentsized sandstones (the. ' ... "' upper part), multicoloured siltstones and clays (the lower part); up Cl "' "' to 45 m ·- u; ... "' õi 
Kotlin Formation: grey fine varved clay with siltstone intercala-en e 

0 
z 

·- 't» tions in the basal part, Vendotaenia antiqua, Leiosphaeridia A and "' 0> B ty pes; up to 50 m 
e: � "'C e: 

w - - .r: 
Cl ro 

,� 
Gdov Formation: multicoloured siltstones and clays (the up per 0.. > 

fu 0.. z part) and polymict sandstones of different grain size (the lower 
:J w part) with Ianses of mixtoliths in the base; up to 60 m > - !::kino [ 0 Hi a t us 

N ,Rcg. St. -�·-·0 
e: V o  I y-
w ni a ..... Sari e s  
0 
e: 650 ±50 
0.. vears Hogland Serios: Quartzose porphyries, 0-100 m (the upper part). 

plagioclase porphyrites, 0-20 m (in the middle part); quartzi!es,. 
quartzitic conglomerates, 0-10 m (the lower part) t 

e: I w 
Hi a t us I 

ii: I 0 
--' 'Jiigala Series: alum.-biot., Alutaguse Series: alum. and bioti-
ibiot.-amphib. quartz-feldspar te gneisses, over 1000 m (up per 
Oeptite) gneisses, magnetic part) and alum. gneisses, quart-
quartzites, over 1000 m zites, marbles, over 1000 rn Oo-

wer part) 

z Hia t u5 

I � 
w Unit of biot.-amphib. alum. Un it of biot.-amphib.-bipyrox.-

I :I: 
and biot. gneisses and arn- alum. gneisses and granite gneis-u I e: lphibolites, over 1000 m ses, magnetic quartzites, over 

� 1000 m 
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T a ble 2 
Cambrian stratigraphy of Estonia 

�t a  n- R e g io n a l  L oe a I  u n  it s 
·� a r d eri es tage 

u n it s North Estonia �est Estonia South-East Estonia 

a: 
UJ 

Ülgase Form. 17 m Hiat us Petseri Form. 12 m 0.. 
0.. 
::> Hi a tus 

"' Ruhnu Beds, 
UJ ·e;; e: over 20m Paala Beds 40 m _J (\) 
0 0 E 
0 

Hiatus Hiatus Hiatus ::2 Kybartai 
1- ---- lrben Form. :� Rausve 50 m .� Vergale <( 

I 
Seela Form. Vaki Form. 30m 

z 30m 

<( 
- Tiskre Form.: Tiskre Form. 
a: Ra nnamõisa M. 18m 
e rra lsi 12m Hiatu s I ::2 e: Ka kumägi M. <( .!!1 4m (.) e: 

a: 0 > UJ :J Lükati Form. Lü kati Form. s: 18m 18m 0 i _J 
Hiatus Sõru Form. 50m 

Lontova Form.: Voosi Form.: Lontova Form. 
Tammneeme M. Paralepa M. 

Lontova 11 m Kasari M. 

I 
u 

Kestla M. Taebla M. ·;:; 
<ii Mahu M. 25m ID 

Sämi M. 

I I 
' Rovno Hiat u s  Hia t u s 

li 



Ta b le 3 
Ordovician stratigraphy of Estonia 

Standard units Regio- L o ca I un it s 
nai 
Stage North and Middle S outh Es tonia 

Estonia 

1 2 3 4 5 6 7 

Erina Form.: Saldus Form. 15 m 
Kamariku M. 3m 

? ·e: Tõrevere M. 4 m 
:I Siuge M. 3m Kuldiga Form. 16m -" 
0 Vohilaid M. 4 m 

� Röa M. 4 m 
-? -...: -

8' .. Kabala Form. Hi a t us �2-
a: -� g Adila Form. 1 2m Kuili Form. 10m 
w g., .. 

! e.. � Oostriku Form. 14m Paroveja 38 m :I Cl.. ...: "' � ::> - ."e: ·- 0� � Halliku Form. 24 m Jelgava Form. 8 m ·- ::::Q. "' .� g .r; Moe Form. 36 m Jonstorp Form. 19 m "' Clo 
<( Kõrgessaare Form.: ...: E g».� Saxby M. 8 m Fjäcka Form. 6 m 

.... .... 0 Paopa M. 3m 
�� > Hullo M. 1 1  m a::§ 

"' Saunja Form. 28 m m 
..a i "' 

Paekna Form. 16 m z 

...: � .. Rägavere Form.: g-., m'- Tudu M. 8 m e: e: a:� Piilse M. 24m Mossen Form. 11 m I �& 
J �� --- "Tõrremägi M. 1 m 

I :I 
-o 
e: Hirmuse Form. 4 m I "' 
0 i z u Vasalemma Form. 15 m <( ...: j 0 "" Blidene Form. 4m - w -o o., I u ...J "' �e: ..!!! - 0 ..._ E_g ·a; Keila Form.: 

> 0 "' es·� � Pääsküla M. 7 m 
0 - u Kurtna M. Adzes Form. 15 m 
0 � 
a: Jõhvi Form.: 
0 ·:; Madise M. 2m .r; 

•0 Pagari M. 5m ...., 
...: Aluvere M. 5m 
"" o.._ 

Vasavere Form. 7 m �� , .,  E';:; "' '-'OG> 
ol -> Tatruse Form. 8 m 

'-



1 2' 3 4 5 6 7 

..: 5I Viivikond Form.: :t� :J Peetri M. 10m Dreimani Form. 1 2m E'<:i .. 
0 � Maidla M. 7 m �� :J - ::w:: Kiviõli M. 6m ·-
CD 
"C � Kõrgekattas Form.: 
e: Erra M. 6 m "' ..: :::. :J 

S'� � Pärtlioru M. 5 m Taurupe Form. 24m - "' -' Cl. ... .s: Koijala M. 4 m 
w �e :::> 
-' t:)! Väo Form.: 0 Kostivere M. 6 m 0 cO 
- ...:'C: e: ·e;, Pae M. 1m 

:.Q:<tJ Rebala M. 3m Stirnas Form. 10m � t»o ..J E 0� 
e: e..:: 

Aseri F orm.: .... :..� � ·- aE Ojakü la M. 2 m S egerstad Form. 
> <( Malla M. 4 m e: 

z "' ..: - "" Mapa Form. 4 m Baldone Form. 24 m <( -' o., 

�-5 "' - "0 
Pakri & Loobu Form. u "0·- e: ------------------ iS� " 
5-7 m � > 

0 1--- Sillaoru For m. 2 m 
0 Ciecere F orm. 54 m 
a: 0..: 
0 "" > Toila Form.: oo 0 

E "el .s: Lahe per e &• Kalvi M. 
:.,<:: õ 2 m "C)::S > 

Ol C5 �- Telinõmme M. 2m 
·- --- � Saka M. 1 ,2 m e: 

Päite M. 1 ·m (!) 0..: .... g> .. 0. 
<( c:a 5 Leetse Form.: 

:.,<:: .... 
Mäeküla M. 1 m a: "'l!l "' 

·- )( -' 
Iru M. 1 m Zebre Form. 49 m w Cl(!) 

s K loogaM. 3m 

0 --. ---
--r ...J s :.. ---- - - -- - -

�� � Varangu Form. 2 m 

.>!. a� � Türisalu Form.: 0 _sL "0 --- Toolse M. 2m 
"' Tabasalu M. 7 m Hia t us 
E "' 

� .... -
., 5 Kallavere Form.: .... §·.:. � Suurjõe M. 6 m f- e� E .»! 

Maardu M. 5 m Kallavere Form. 1 m "' 
,(.) � .... D.. 

Katela, Rannu & CS;;::� 
Orasoja M. 4 m Hi a t us 
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T a  fJ! e 4 
Silurian stratigraphy of Estonia 

� t a n d a r d  u n  i t  s R e g i o n al Loe aI u n  i t  s - -r I u n  i t  s 

P. transgre- ühesaare 
·- diens -
0 z -o <( ·- Kaugatuma 

1 - � 

0:: e.. 

:J M. ultimus 

l ..J -
U) Kuressaare 

M. formasus 
0:: i: 
LU 0 
e.. - Neocucullo-e.. -o 

graptidae :J :J 
..J S. leintwar- Paadla 

dinensis 
N. nilssoni 

P. /udensis Rootsiküla 

I .:.!. 
u 
0 i - iJaagarahu 
e: 
<l> ! z s 

<( - M. riccarton. ! 0:: 
:J C. murchisoni IJaani 

..J C. centrifugus I 
I - ! U) ! Adavere 

I� 
M. erenutata 

I 
M. sedgwickii I I 

> i 
'0 � D. convolutus I <l> 

..J > Raikküla 
0 

-o 
e: 
IIl C. cyphtJs -

..J D. vesiculosus 
Juuru 

A. acuminatus 
? 

14 

Middle Estonia 
Saaremaa 

Eroded 

-----------
Kaugatuma Form. 

Lõo 8eds 30m 
Äigu 8eds 38 m 

Kuressaare Form. 
Kudjape 8eds 20 m 
Tahula 8eds 15m 

E Paadla Form.: 
0 Uduvere 8. 19m N 

E Himmiste 8. 8 m 

0 Sauvere 8. 14 m 
1.1. 
:J 
e: Rootsiküla Form. � 
� Seeginina 8. 5 m 

:-�esiku 8 . 8 m 

I E 

uusnõmme 8. 

N 5 m 1 �N V iita 8. 20m 
IIl • 

U) u. Jaagarahu Form.: 
:- Tagavere 8. 15m 
Maasi 8eds 20 m 
Viisandi 8eds 20m 

iJaani Formation: 

I Ninase Member 23 m 
Mustjala Member 

I 

Velise Formation 30 m 

Rumba Formatian 20 m 

� Raikküla Form. 53 m 

Saarde Form. 

Tamsalu Form. 26m �Varbola Form. 30m j Koigi M� {base) 2 m 

South Estonia, 
ühesaare 

ühesaare Form. 
20m 

Kaavi Member (top) 

Torgu Form. 
23 rn 

Sõrve Form. 55 m 

Riga Form. 

Saarde Form.: 
Staicele M. 73 m 
Lemme M. 37m 
lkla M. 62 m 
Kolka M. 20m 

Õhne Form. 64 m 
Ruja M. (pase) 5 m 



·S t a n
d a r d  
un it s 

Aefilional 
St age s 

Table 5 
Devonian stratigraphy in Estonia 

L ocal un i t s  

DUBNIK I FORMAT ION -clays, domerites, dolomites, 
founder breccia with gypsum interlayers (in the upper 

part) or Ilmestone (in the lower) with Pteria rostrats, 
15m 

CHUDO VO beds - alternation of organic and chemoge
nic limestones, dolomites, maris with Anatrypa hecker/, 
Ripidiorhynchus tschudovi, 24,5 m 
PSKO V beds - organogenous limestones, shells, secon

darv dolomites and maris with Ripidiorhynchus psko
vensis, 25m 
SNETOGOR bed: -- interlaying do!orr.itcs, domerites 
and lirnestonas with Psammo:;tcu; r.;::Jnd.-inu;, 14,5 m 

,4.MATA FORMATION - sandstor.es, siitstones with 
PS3mmofepf.� andutata, 35 :n 
GAUJA FORMAT!ON- rnulticclourCJd sandstones, silt
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Fig. 5. The lithological-palaeographical map of the Vergale-Rausve time. 
Early Cambrian (simplified from Kennep, Po3aHoB, pe.D.., 1 980): 1 - pre
vailingly siltstones ;  2 - same with clays forming 25-50% of the rock; 

3 - iron oolites. For other signs see Fig. 4. 

eal facies and palaeogeographic sketch maps presented here 
according to different authors (see Figs. 4-1 1 ). All the maps 
are simplified; however, the authors' methods and views have 
been maintained. 

Deposits of the Lontova time (Fig. 4) are sandy in the west, 
but the clay content increases eastwards step by step. The 
Lontova Sea was a normal shallow (even the areas of the 
accumulation of clays in the eastern part of the Estonian SSR 
were considerably shallow) marine basin with a well aerated 
bottom. There are many evidenees in its northwestern area 
giving proof of a mobile water environment. 

Vergale-Rausve deposits (Fig. 5) accumulated during a 
transgression extending the sea of the Talsi time when a 
direet connection with the Scandinavian basin was established. 
The sea was shallow, with some islands in places (Ke.rr.rrep, 
PosaHoB, pe� .• 1980) .  

At the Volkhov time (Fig. 6)  the first extensive Ordovician 
transgression of the sea took place on the vast low-lying Fen
nosarmatian continent. It was accompanied by intensive 
sedimentation of carbonate deposits. Detrital deposits accumu
lated in shallow inshore areas, red clays prevailed in the axial, 
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Fig. 6. The lithofacies map of the Volkhov time, Early Ordovician (simp
lified from MJIHHMJib, 1966) :  1 - grey organodetrital ealeareaus sediments; 
2 - grey argillaceous-calcareous sediments; 3 - red-coloured clays and 
calcareous-argillacEous sediments; 4 - red-co:oured calcareov.s sediments 
(prevailing1y Lne muds); 5 - conLnent; 6 - g:auconite; 7 - boundary 

of lithofac:es; 8 - isopac hs . 

and presumably deeper offshore part of the sea. The red-colou
red belt was preserved almost up to the end of the Llandeilo. 
Later on, in the Middle O<dovician the specific character of the 
axial zone became less prominent; however, at the end of the 
period it was again distinctly revealed in the form of dark 
clayey deposits, often graptolitic argillites (e. g. at the Vormsi 
time, Fig. 7 ) .  At that time those argillites were of their maxi
mum distribution in the East Baltic. Afterwards they were again· 
replaced by red limestones and clays marking the regression 
of the sea, which started at the end of the Ordovician (MHH
HMJib, 1966) .  

We have applied the facies sedimentary model (described in 
greater detail by H. Nestor and R. Einasto (HecTop, 3i1HacTo, 
1977 )) to the analysis of the Silurian sedimentation. Fig. 8 
shows its supplemented and simplified variant. 

Lagoon (including restricted shelf) facies is characterized 
by onshore quiet water conditions (lagoons, tidal flats) and 
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Fig. 7. The li\hofacies map of the Vormsi time, Late Ordovician (simpli
tied from lVIJIHH11Jib, 1966): 1 - black and dark grey graptolitic muds; 2-
grey clays; 3 - grey calcareous-argillaceous sediments. For other signs 
see Fig. 6. Situation shown north and east of the Estonian SSR extrapo-

lated. 

a specific biota (mud-eaters, leperdites, lingulids, eurypterides, 
etc.). 

In the shoal-bar facies the water is in active movement 
{high energy environment). There occur organic buildups and 
.abur,dant ;:·Ep�·escntn'cives ol sessile te�·J.thos (corals, stromato
poroids, brachiopods, etc.). 

In the open shelf facies the sea bottom lies below the wave 
base; he ncc , the near bottom environment is a quiet water 
one. This fr.cics is dominated by variegated biota (both bent
hos and nekton). 

The transitional or slope facies belt is characterized by quiet 
water conditions and a soft muddy bottom. The deposits of this 
facies comprise fossils of .some benthic (trilobites, ostracodes , 
brachiopcds) and pelagic organisms (chitinozoans, graptolites) . 

In depressional or deep water facies prevail partly stagnant 
conditions in the near bottom layer of the sea. Most charac
teristic are graptolites; benthic organisms are practically 
lacking. 

Confining ourselves with the above short supplements to 
Fig. 8 we should like to refer to the corresponding publications 
18 
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Fig. 8. Facies roodel of the East Baltic Silurian basin (scheme according 
to HecTop, 3i1HaCTO, 1977 and Kaljo, 1978). 
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Fig. 9. Facies of the Late Raikküla time (D. convolutus Zone) (compiled 
by H. Nestor): 1 -- lagoonal do:omites; 2 -- shoaly sparites (grained !ime
stones with skeletal sand); 3 -- calcilutites of the open shelf; 4 -- in
tercalation of calcilutites and clays of the transitional (slope) belt; 5 -

grey clays with graptolites of the depressian belt; 6 -- dark graptolitic 
argillites of the same belt; 7 -- suppositional shoreline; 8 -- boundary of 
lithofacies (continuous --certain); 9 -- l imit of distribution of contempo-

rary rocks. 
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Fig. 10. Facies of the Late Jaani t·me (M. riccartonesis Zane) 1 - bio
;micritic limes�ones of the open shelf; 2 - marls and 3 - green clays of 

the transitional (slope) telt. For other signs see Fig. 9. 

Fig. 1 1. Facies of the Late Paad:a time (M. leintwardinesis Zone): For 
legend see Figs. 9 and 10 .  



(HecTop, 8:tiHacTo, 1 9 7 7 ;  Kalj o, Klaamc>nn, edit. , 1 982 ;  :KaJihO 
M ,n;p. , 1 9 83 )  dealing with the matter more thoroughly. 

Facies maps presented in Figs. 9-1 1 are based on the above 
model, and special explanations are hardly needed. Fig. 9 
shows the Llandoverian Sea at the beginning of its first subs
tantial regression, Fig. 10 presented the stage of maximal 
transgression in the basin, whcn,  most likely, there was a 
direet connection with the Moscow basin. Fig. 1 1  deserihes a 
regression of the Ludlovian Sea. The regression was interrup
ted by several transgressions 2nd er..ded with the retreat of 
the sea from our territory. 

In Estonia the Devonian was represented by Old Red facies 
(see Table 5 ) ;  glacial, aqueoglacial, marine and lake deposits 
dominated in the Quaternary cover. 

D. Kaljo 

4.  Earth resources 

In the Cambrian terrigenous complex only the clays of the 
Lontova Formation are of economic significance. These so
called blue clays crop out and form several deposits in a 

narrow belt in North Estonia. They serve as raw material for 
manufacturing cement and rough eerarnieal products (bricks, 
roof-tiles, drainage pipes) .  The blue clay deposits are exploited 
in Tallinn (see excursion 028, stop 2 : 1 ,  further abbreviated to 
028-2 : 1 ) ,  in the environs of Loksa, at Kunda and Aseri. 

The lowermost terrigenous part of the Ordovician is com
posed of a fine-grained quartzose sandstone which contains 
pho�phorus-bearing valves and valve fragments of brachiopods. 
The valves are rich in P20s (35-37 % ). In some areas where 
the content of valves is high in sandstone, they may form 
large phosphorite deposits. Obolus phosphorite is referred to 
poor (P20s content ranges from 6 to 1 5 % )  but easily enrich
a ble phosphorites which are used for the production of 
highly concentrated phosphoric and complex fertilizers. Pro
ductive deposits are located in the environs of Tallinn (Maardu 
deposit, see 028-3 : 1 )  and in the Rakvere District (Toolse, 
Kabala, etc. deposits). In Estonia the total phosphorite reserves 
are estimated at about 600-700 million tons of P205• 

The Baltic oil shale (kukersite) is related to the carbonate 
rocks of the Middle Ordovician Kukruse Regional Stage. There 
are two large oil shale deposits on Estonian territory - the 
Estonian (see 028-3 : 3 )  and Tapa ones. In the productive seam 
of these deposits, oil shale layers alternate with interlayers of 
argillaceous limestone. As for its quality, the Estonian oil shale 
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is acknowledged as one of the best in the world. Oil shale 
occurs in North-East Estonia in an area of about 10 000 km2• 
As other kinds of minerai fuel are laeking in the north-wes
tern part of the Soviet Union, the Estonian oil shale is of 
great economic significance, serving as fuel for big electric 
power stations and as raw material for thermal processing. In 
the Estonian SSR oil shale is produced both in mines and 
open-cast pits. Its annual output amounts to 30 million tons 
of commercial oil shale. Not only the organic matter of oil 
shale, but also its minerai part is utilized. The latter is used 
for the production of building materials, and also in agricul
ture for deoxidating sour soils and in road building as ballast. 

Ordovician and Silurian limestones and dolomites are used 
in the building materials industry for producing Portland 
<:ement, building lime, road metal, and facing panels. In Esto
nia limestones and dolomites are produced in numerous quar
ries located in the vicinity of towns and industrial centres. 
The most important deposits are those of Väo, Maardu (see 
02 8-3: 1 )  and Harku in the vicinity of Tallinn (building limes
tones) ,  Padise and Rummu in the Vasalemma settlement (see 
<02 8-4 : 2 )  (building limestones and limestones for the produc
tion of lime),  Aru near the town of Kunda (for cement pro
duction),  Karinu (see 028-6: 1 ) ,  Rakke in the Rakvere District 
·(limestones for the production of lime) ,  Kadastik near the 
town of Narva (building limestones) and Anelema (see 028-
5: 3) in Pärnu District (building dolomites of high resistance). 

E.  Mustjõgi. 
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Excursion 027 A + C 

THE HYDROGEOLOGY OF THE BALTIC 

Itinerary and sebedule by days 

The hydrogeological excursion 027  will take you to the north
western part of the Soviet Union (Fig. 1 ) . You will leave Mos
cow by train at night and arrive in Riga the next day, where· 
the excursion actually starts. You will be offered the following. 
programme: 

1 s t  d a y  - visit to sites of interest on the outskirts of Riga; 

2 n d d a y - survey of minerai water in Kemeri health 
resort and sightseeing in Riga; 

3 r d d a y  - leaving Riga for Tallinn by bus, observation. 
of the Uulu melioration site and the Kata karst field, arriving 
in Tallinn at night; 

4 t h  d a y - sightseeing in Tallinn, leetu re on the hydro
geology of Estonia, visit to a station of registration of land 
subsidence; 

5 t h d a y  - survey of alvars, the North-Estonian Clint and 
the oligotrophic mire in Lahemaa National Park, talk on the 
preservation of ground water in Estonia; an ethnographic 
ensemble show; 

6 t h  d a y  - leaving Tallinn for Leningrad by bus; observa
tion of hydrogeological conditions in oil-shale mines, sightsee
ing in Narva, arrival in Leningrad ; 

7 t h  d a y  - visit to Petrodvorets architectural ensemble on 
the outskirts of Leningrad; 

8 t h d a y - lecture on the hydrogeology of Leningrad area, 
visit to Polystrovo mineral-water plant, survey of hydrogeo
logical observation wells ; 



'9 t h d a y  - leaving Leningrad for Valdai, excursion to 
Valdai lakes; 

1 0 t h  d a y  - visit to Valdai Hydrological Research Labora
tory, leaving Valdai by bus, arrival in Moscow. 

INTRODUCTION 

The utilization of ground water for water supply and salt 
€Vaporation in the region of the excursion dates from ancient 
times. Thus, the still preserved wells at Staraya Russa were 
founded in 1 370 .  The brine springs in the same place date, 
according to evidence in manuscripts, from the year 147 1 on
wards. 

The scientific investigation of ground water was initiated 
in the 1 9th century. The genesis of brines was studied by 
A. Karpinsky while A. Inostrantsev investigatEd the geologi
cal structure and hydrogeological conditions of the Petersburg 
region. The first artesian well in Petersburg was founded on 
the initiative of G. Helmersen in 1 87 1 .  After 1 9 1 7  different 
aspects of ground water geology were treated by A. Semikha
tov, M. Gatalsky, B. Arkhangelsky, G. Meyer, N. Selivanov, 
H. Tolstikhin, I .  Zaitsev, and others. 

The first ground water investigations on the territory of 
Estonia in the 1 9th century were carried out by C. Schmidt, 
subsequently the hydrogeological problems of the region were 
dealt with by J. Kark, A. Luha, K. Orviku, A. Verte, and 
others. 

Today a number of institutions, especially the regional geo-
1ogical surveys of the Ministry of Geology of the Soviet Union 
are working in the field of regional applied hydrogeology, 
while thearetieal problems are studied at the All-Union Geo
logical Institute (BCEfEJ1), Leningrad State University, Lenin
grad Institute of Mines, Lithuanian Geological Research Insti
tute, the Institute « Soyuzmorinzhgeologia»  in Riga, Institute 
of Geology of the Academy of Sciences of the Estonian SSR, 
:and others. 

Hydrogeological survey of the excursion area 

The north-western region of the USSR forms a part of the 
vast East-European (Russian) platform. Here the positian of 
the main units of the large ground water basins of the first 
order is determined by troughs, syneclises and depressions of 
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the basement. The boundaries between these basins coincide 
with the elevations of basement (anteclises, saddles) .  Accor
ding to the above principles the Baltic-Polish and the Russian 
ground water basins of the first order are distinguished. 

The boundaries of the ground water basins of the second 
order are determmed by the hydrodynamical conditions of 
formation of the flow and balance of ground water. Hence the 
Estonian, Latvian, Leningrad and Moscow ground water basins 
of the second order are distinguished (ApxaHreJibCKM:i1:, 1 966) ;  
BaJIJIHep, 1 9 80 ;  ,[(3eHc-JlMTOBCKM:i1:, 1967 ;  ,[(3JIMHa, 1970 ;  
3ai1:�eB , 1 9 67) .  The deepest branches of  subsurface flow of  the 
above basins take western and north-western directions to
ward the regional main discharge area - the Baltic Sea. 

In the region the following main aquiferous complexes can 
be distinguished (from bottom to top) : 

( 1 )  the fracture ground water of the crystalline basement; 
(2) the pore-stratal water of the Vendian and Lower-Camb

rian terrigenous deposits; 
(3) the fracture-karst water of the Ordovician, also the Silur

ian carbonate rocks in the Estonian SSR; 
(4) the pore-stratal water of the Devonian terrigenous and 

partially carbonaceous deposits (in the so-called main Devonian 
field) ;  

{5 )  aquifers of different types of Quaternary deposits. 
The water of the crystalline basement has practically not 

been used so far. As for its chemical composition, the water 
belongs to the sodium-chloride type* with the mineralization 
increasing from 1-2 mg/1 in the Leningrad Region up to 
1 0 0  mg/1 and more in Latvia. 

The crystalline basement is overlain by Vendian and Lower 
Cambrian sandstones and siltstones with three pronounced 
artesian pressure aquifers known (from bottom) as the Gdov, 
Lomonossov (or superlaminarites) and Cambrian-Ordovician 
ones. The thickness of these aquifers extends from 1 0-1 5 to 
35  m (in Gdov aquifer up to 80 m), increasing south- and east
wards from the northern part of the Leningrad District and 
the Estonian SSR. The aquifers are isolated from one another 
by clay layers of low permeability, of which those of the 

*The nomenclature of the type of chemical composition of water is 
given here according to the increasing order of anions and cations 
while the ions with less than 10% of occurrence are not taken into 
account. 
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Lontova Formation (the so-called blue clays, thickness up to 
130  m) are of the widest regional distribution. 

The water from the above aquifers (the Gdov one in parti
cular) is intensely used in the industrial districts of North 
Estonia as well as in the northern part of the Leningrad Region. 
In that area the ground water of these aquifers is prevailingly 
fresh, sterile and well protected from surface contamination. 
The specific well discharge ranges from 0 .6  to 2 . 5  l/sec m. The 
wide utilization of Vendian and Lower-Cambrian waters has 
brought about the forming of vast areas with dropped piezo
metric levels of ground water. The drop ranges from 25-35 m 
in Tallinn and Kohtla-Järve up to 65 m in Leningrad. 

A network of observation wells allows permanent control 
over the piezometric level. In the southern direction the water 
becomes salty. 

The Ordovician and Silurian limestones, dolomites and 
marls with a summary thickness from a few metres in the 
outcrop area up to 350 m in Central Estonia, provide water 
for the population of villages and townlets of North and Middle 
Estonia and the southern part of the Leningrad Region. The 
Ordovician-Silurian rocks dip southwards under the younger 
ones and become practically waterless. 

The largest water supplies are associated with karst zones 
of tectonic dislocations, where the specific well discharge ran
ges from 1 to 5 l/sec m. The water from the carbonate 
rocks is fresh,of the hydrocarbonate magnesium-calcium type. 

The Devonian rocks and corresponding aquifers occur over 
the vast territory of the Pskov and Novgorod Regions, South 
Estonia and the northern and eastern districts of the Latvian 
SSR. The Devonian is subdivided into three lithologically dif
ferent parts : the lower one - sandstones (thickness attaining 
350 m), the middle one - carbonates (limestones and dolo
mites, thickness ranging up to 90 m) and the upper one - the 
multicoloured part composed of sandy-argillaceous rocks with 
limestones and marl interlayers (thickness ranging up to 40  
m).  The Devonian formations represent a system of many rela
tively local-bound aquifers and water-bearing layers of dif
ferent thicknesses and yields of water, which are isolated 
from one another by clayey rock layers of low permeability. 

The specific discharge in the Devonian rocks ranges from 
0 .01  to 1 . 5  1/sec m. The water is widely used in the Novgorod 
and Pskov Regions, in Latvia and South Estonia. The Devonian 
deposits contain fresh hydrocarbonate magnesium-calcium 
type of water. In a few shallow wells, water of the chloride
sulphate-sodium type has been detected. 
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In the Quaternary deposits ground water is confined to sedi
ments of different genesis, compositian and age, forming a 
cover of uneven thickness over the East-European plain. The 
average thickness of the aquifers confined to the fluvio- and 
limno-glacial, glacial and alluvial deposits ranges from 3 to 
30 m, rarely up to 100  or 200 m (in the Haanja and Valdai 
Hills) .  Here the Quaternary deposits often represent complex 
series of water-bearing horizons, including interstratal aqui
fers of low-pressure water. The depth of the water table in the 
Quaternary deposits depends on the relief of the study area, 
thus ranging from 1 to 2, in places from 20 to 50 m. 

Aquifers of fluvio-glacial and alluvial deposits are of the 
widest distribution and most important from the practical 
point of view. The wells obtaining water from these sources 
have a specific well discharge of 3 1/sec m or more. The lim
noglacial deposits are not so watery since the widespread 
loeroy tills are often of a low permeability and work as a 
water-resistant bed. 

The recharge of Quaternary ground water proceeds mainly 
through an infiltration of atmospheric precipitations in the 
outcrop areas, and partly through a discharge from the over
lying aquifers. 

The average infiltration intensity in the region ranges from 
2 to 3 1/sec per km2, while in places, particularly in the hills 
composed of karst and fractured carbonate rocks the infiltra
tion intensity may reach 3-4, in some cases even 8 l/sec per 
km2 (3ein�ep, 1 968) .  In the recharge of the underlying aquifers, 
ancient buried valleys are of great importance; such valleys 
often attain 100  m in depth. 

In the region some kinds of table water and medical mine
rai water are produced. Generally these waters are related 
to depressions in the crystalline basement. Of the most fre
quent occurrence is the minerai water of the chloride-sodium 
type coming from the Lower-Cambrian. The increase in the 
mineralization of water is regularly accompanied by the 
growth of bromine content in the water. In a number of regions 
we come across sulphate waters containing hydrogen sulphide 
of biochemical origin. Generally this water is derived from 
relatively low lying gypsiferous Devonian formations. The 
aquifers of minerai water are tapped in the wells of the health 
resorts on the Riga Coast, in Valmiera, in the Baldone health 
resort (the Latvian SSR), at Häädemeeste, Värska (the Esto
nian SSR) and in the health resorts of Sestroretsk (near 
Leningrad), Khilovo (Pskov Region) and Staraya Russa (Nov
gorod Region). 

L. Vallner, P. Jõgar 
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HYDROGEOLOGICAL ITEMS OF EXCURSION 

S e c o n d  d a y  

S top 2 :  1 The minerai water in the Kemeri health resort 

The Kemeri balneological health resort is located some 43 
kilometres to the west from Riga and 5 kilometres from the 
seashore, on a plain covered with a mixed wood. Peat and 
sapropelic muds as well as hydrogen sulphide springs are at 
the disposal of patients. At the Kemeri spa such chronic disea
ses are treated as rheumatism, inflammation of j oints, meta
bolic troubles, neuralgia, heart and blood-vessel diseases, gast
ric and biliary duct troubles. Each year over 20 thousand 
people come to be cured or simply recreate here. 

The curative property of the water in springs and of peat 
muds was already known at the end of the 1 8th century. When 
the Soviet power was established, great innovations were 
started in the spa. A number of new sanatoria have been built, 
« Jaunkemeri» and «Latvia» being the most imposing. 

Regular geological investigations during the years 1 954-1 959 
resulted in establishing the boundaries of the resources of 
hydrogen sulphide water, ascertaining the genesis and deter
mining the exact safe yield, the arnount of which is about 
23 1/sec. 

Currently studies on curative water and mud, their exploi
tation regime, properties and supplies are in progress. 

The Kemeri spa area is located within the north-eastern 
part of the Baltic syneclise. Here the sedimentary cover is 
composed of Palaeozoic and Quaternary rocks of about 
1 000-1 1 0 0  m in thickness. 

Hydrogen sulphide water occurs in the outcrop area of the 
Upper Devonian Salaspils Formation (Frasne). The Upper 
Devonian rocks are undisturbed, slightly monoclinally dipping 
southwest. Minor flat dome-shaped local structures, 8-1 0  m 

in amplitude, can be observed in this area. The Salaspils For
mation is represented by alternating beds of clays, marls, 
dolomites and gypsum, its thickness ranging from 1-2 to 20 
m. The formation is overlain by an up to 10 m thick Quarter
nary cover. The latter is made up of morainic loams, different 
sands, varved clays, gyttja and peat. 

The hydrogeological conditions of the region are determi
ned by the confined water in Devonian and Cambrian deposits 
and unconfined water in Quarternary ones. The formation 
of hydrogen sulphide appears to be due to complicated bio-
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.chemical proeesses characteristic of these areas of the Salas
pils aquifer, which are overlain by bog deposits. Swamp water 
is enriched by organic matter. In the places where its level 
lies higher than the water of the Salaspils Formation, the for
mer penetrates into the latter and creates favourable conditions 
for the development of sulphate-producing bacteria which 
reproduce sulphate-ion up to hydrogen sulphide. The sulphate 
calcium or bicarbonate sulphate calcium water of the Salas
pils Formation is characterized by mineralizatiOn 0 .6-2 .8  g/1. 
The hydrogen sulphide concentration ranges from 10 to 70 mg/1. 
Besides, in the Kemeri spa and other sanatoria in the coastal 
area of the Gulf of Riga, chloride calcium-sodium and sodium 
minerai waters (mineralization 5 . 8-12  g/1) of the Lower and 
Middle Devonian aquifer and Cambrian bromic brines (mine
ralization up to 1 20 g/1) are widely used for balneological pur
poses. 

The elimati e
· 

factors, the specific geological structure and 
the hydrogeological conditions as a whole make the Kemeri 
spa unique. The effective healing quality of the Kemeri mine
rai water is due to the joint biological action of all the dis
solved constituents : gases, minerals and organic matter, having 
a curative influence on the human body. 

According to the general reconstruction plan, the Kemeri 
health resort is to turn into one of the most representative 
institutions of that kind in the Soviet Union. 

A .  Freimanis 

T h i r d  d a y  

Stop 3 : 1 An obj ect of amelioration at Uulu 

The agricultural development of the Estonian SSR associates 
with ameliorative works: the area of cultivated land badly in 
need of drainage forms 22 % out of the total territory of the 
republic. The main factors responsible for swamping are 
precipitation and surface waters; however, ground water and 
the water discharging from confined Ordovician, Silurian and 
Devonian aquifers, are also of consequence. Such additional 
ground water feeding of swamps amounts to 500 mm during 
the vegetational period. About 1 0 % (in karst areas even up to 
50 % )  of the areas to be drained are subj ect to rather compli
cated hydrogeological conditions. 

Ameliorative works are closely connected with the prob
lem of an economical and rational usage of water and land 

resources in view of environment preservation. For these purpo-
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ses an amelioration scheme was compiled in the Estonian SSR 
in 1 9 80,  considering all the aspects of natural conditions and 
the factors of artificial influence. 

The amelioration object « Uulu Suursoo » ,  2 5 7 8  ha in area, 
lies within the boundaries of the Ura River drainage area, 4 km 
from Pärnu Bay. In this area the bench marks range from 5 
to 8 m. The Middle Devonian carbonate and terrigenous rocks 
are overlain by aqueoglacial, limnoglacial and marine sands. 
Peaty minerai soils are prevailing. The redundant moisture is 
first of all due to precipitations and flooding by the Ura River; 
however, the discharge of ground water and from the under
lying Pärnu aquifer are also of consequence. The ground water 
level lies at 0 . 1-1 m below the ground surface. The prog
nosticated modulus of subsurface flow to the drainage system 
is 0 .08  1/sec ha. 

Amelioration of the area is performed by means of closed 
drainage with intervals of 1 5-20 m between the drains. Sup
plementary measures include a water reservoir, a pumping
station for showering, and equipment for underground irriga
tion. 

H. Kink 

Stop 3 : 2  Kata karst field 

On Soviet Estonian territory karst is developed in the out
crops of the Ordovician and Silurian, and less frequently in 
the Upper Devonian cracked limestones and dolomites. Karst 
phenomena associate first of all with chemically pure carbo
nate rocks, being less pronounced in formations with a higher 
clay content. Karst is of the widest distribution down to a 
depth of 30 m. 

On the surface, karst is represented by three types : sotted, 
covered and uncovered. The surface forms are principally rep
resented by hollows, sink holes, sink basins and blind creeks. 
As a rule, the sink holes are rather small, their diameter reach
ing seldom 20 m and their depth 6 m. A considerable number 
of sink holes have apertures at the bottom, through which in 
places the surface water from fields and meadows is drained 
off. The water-swallowing capacity of these holes amounts to 
some hundreds of litres per second. Sink basins are conside
rably rare, they may extend to 120  m in diameter and 4-6 m 

in depth. 
Some sink holes distributed in North-Estonian alvars have 

flat bottoms and vertical slopes which may be up to 3 m in 
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height. Their formation results from the cracking of large 
quadrangular blocks separated from the carbonate masses 
under the influence of solution and erosion of rocks along 
tectonic j oints. 

Cavernosity is characteristic of the subterranean karst of 
dolomites. This phenomenon is most frequent in coarse crys
talline and biohermal rocks. Karst hollows in limestones are 
represented by small caves and canals running along vertical 
or bedding j oints. 

A considerable number of preglacial hollows are filled with 
different Quaternary deposits. 

In North-East Estonia, Palaeozoic karst is developed in pla
ces along the belts of tectonic j oints of north-eastern direction. 
The limestones, dolomites and carbonaceous oil shale have 
been changed and crushed here, the space bet\\· een their par
ticles being filled with clayey matter down to a depth of 60 m. 
The karst tectonics can be traced in the above area. 

In North Estonia several rivers and brooks disappear in 
karst sink holes, contributing thus to fracture-karst water 
resources. Some subterranean rivers reappear on the surface 
at a distance of 0 . 5  to 2 . 5  km in the form of springs. They 
flow under ground along a complicated system of small karst 
hollows at a depth of down to 10 m. The karst field at Kata 
may serve here as an example. Here the Tuhala Greek disap
pears in a sink basin of irregular form with some tens of 
shallow holes at its bottom and flows underground for 2 . 5  km. 
The maximum ground water discharge of this lost creek 
extends to 3 m3/sec. The Tuhala Creek has a considerable 
number of subterranean branches, the three largest of which 
are distinguishable. The lost creek is overlain by karst sink 
holes and sink basins up to 60 m in length, and 7 m in depth, 
and a eallapsed valley of about 300 m in length. The thickness 
of the Quaternary deposits extends from 0 . 5  m near the shal
low holes up to 8 m. The bedrock composed of the Upper 
Ordovician limestones of the Vormsi Formation underlies the 
Quaternary deposits. 

The creek emerges in the form of springs. One of those is 
used as a draw-well which in spring shoots over 100  litres per 
second. In recent five years two collapses of cover have taken 
place in this karst field. 

V. Heinsalu 
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F o u r t h  d a y  

S top 4 :  1 Observation station in Tallinn 

The major part of the city is located within the boundaries of 
the pre-clint terrace, at an altitude of 2-1 5 m above sea level. 
In the city the bedrock is composed of Cambrian and Vendian 
sandstones, siltstones and clays, which are incised by four 
buried valleys filled in with Quaternary sand-clayey deposits 
of varying consolidation. The construction of the town, inten
sification of the city transport, excessive withdrawal of ground 
water tell considerably upon the geo1ogical enviroment. Geo
detic studies performed in the town showed that land is sub
siding in some areas related to the andent buried valleys. The 
highest value of subsidence appears to be 1 m at a maxi
mum rate of 36 mm annually. 

The land subsidence, its dynamics and the condensation of 
different layers in a geological section is studied by means of 
reference stations provided with special equipment. These sta
tions consist of 6 pipes with external diameter of 89 mm, laid 
into different beds of the geological section. The shoes of 
these pipes are fixed on a special anchor in the study bed. To 
eliminate the influence of the surrounding rocks, each pipe is 
placed into a casing of a larger diameter. 

The shifts in the positian of heads of pipes are measured 
relative to a deep bench mark seated on the bedrock. The 
positian of the latter is periodically checked by means of geo
detic levelling. The data are ohtained by reading the records. 
of special devices or automatically at least 6 times a day. The 
observation of reference wells is accompanied by the measure
ments of ground water level, atmospheric pressure and air 
temperature. The data ohtained enable to estimate the contri
bution of single beds to the pracess of land subsidence, and to 
prognosticate the development of this process. 

L. Savitsky 

F i f t h  d a y  

Lahemaa National Park 

Lahemaa National Park, 650 km2 in area, was established in 
1 9 7 1 ,  being the first wildlife reserve of that kind in the Soviet 
Union. The predominant part of the park is composed of natu
ral landscapes and reserves ; the share of cultivated land does. 
not exceed 5 per cent of the territory. The task of the park 
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is to preserve and proteet ecosystems typical of N orth Estonia 
and cultural landscapes with historieal and cultural monu
ments. 

The park is situated on the coastal lowland of the North 
Estonian plain. Its Pre-Quaternary bedrock consists of Upper 
Proterozoic, Carobrian and Lower Ordovician carbonates and 
terrigenous rocks. The thickness of the overlying marine, gla
cial, fluvio- and limnoglacial deposits is usually 1-20 or mare 
metres. Natural protection of ground water is laeking or insig
nificant. 

Since 1 9 7 8  constant checkup of the chemical compositian 
and water table regime of ground water has been carried out 
in Lahemaa National Park. For these purposes 1 1  stationary 
observation sites were established on cultural landscapes, two 
on natural landscapes and one in the reserve to get an idea of 
the background values of hydrogeological parameters. A spe
cial site was installed for the investigation of the dynamics of 
swamp waters near the nature study path in Virusoo Mire. 
On the territcry of the park, 52 observation wells have been 
established in all. The aim of the studies is to work out recom
mendations on water protection measures to be applied on ter
ritories with similar natural conditions. 

H. Kink 

Stop 5 : 1 The North Estonian C!int and alvar at Muuksi 

A steep limestone cliff stretches along the whole northern 
co as tal area of the Estonüm SSR - the N orth Estcnian Clint 
which forms a part of the Baltic-Ladaga Clint - a specific 
type of denudation relief extending from the Island of 
Öland up to Lake Ladoga. The maximum height of the clint 
amounts in Estonia to 56 m above sea lEvel (at Ontika). At 
Muuksi its absolute height reaches 47 m, the relative height 
being 20 m. The upper part of the cliff is composed of Middle
Ordovician limestones, while in the lower part the Lower 
Ordovician limestones and sandstones occur together with 
Lower Carobrian sandstones. The ground water from Ordo
vician and Carobrian aquifers, discharging ut the foot of the 
clint, often causes an overmoistening of the soil in places. 
Springs may likewise occur here. On the limestone plateau in 
N orth and W est Estonia we e an co me across a unique terrain 
type with a specific plant community - alvars. Eeside Estonia, 
alvars occur only in Sweden. The characteristic feature of 
alvars is the very thin (up to 1 0-20 cm) but humus-rich soil 

3 Guidebook 33. 



1ayer, often directly overlying the Ordovician and Silurian 
limestones. In summer the soil dries up and the plants wither. 
Like in steppes, we can observe here two plant-recreation 
periods a year ::--- one in summer and the other in winter. The 
ecosystems of alvars have thus much in common with those 
in steppes. Infiltration of atmospheric precipitation plays the 
main role in ground water recharge. Karst phenomena can 
also be observed here. Due to the very thin Quaternary cover 
or its absence in places, the poorly protected ground water 
in alvars may suffer from pollution. 

V. Karise 

Stop 5 : 2  Viru oligotrophic mire 

About 1 1  800 mires are counted in the Estonian SSR. Their 
area totals 9 1 5 0  km2, forming 20 % of the whole territory of 
the republic. Estonian mires consist of fens (57 % ) , raised bogs 
( 3 1 % )  and transitional bogs ( 1 2 % ) .  The greatest thickness of 
peat deposits amounts to 10 m, the average being 3 m. Estonian 
peat reserves are estimated at 4 milliard tons; at present 2 . 5  
million tons o f  peat are excavated annually (two-thirds being 
used as litter and fertilizer and the rest as fuel). Every year 
3 000 tons of cranberry <1.re collected in oligotrophic mires and 
transitional bogs. Drained fens and transitional bogs provide 
favourable conditions for forests, the cultivated areas are sown 
with perennial  hay plants. Oligotrophic mires serve as com
pensational  nature preserves , contributing greatly to water 
supplies (they store ca 5 km3 of the deanest water) .  The mine
:·eJizatioa of mi:·e watPr docs not exceed 0 . 1 g/1, its reaction is 
sour (pH about 4) and has a bactericidal property. The first 
swamping centres developed in Estonia already as early as in 
the Preboreal climatic period - almost 10 000 years ago. 

The Viru o ligotrophic mire is located in the southern part 
.of Lahemaa National Park , 41 km east of Tallinn , north of 
the Tallinn-Leningrad highway. Here the maximum thickness 
.of peat reaches 6 m, the average being 3.4 m. 

H. Kink, V. Karise 

S i x t h  d a y  

Stop 6 : 1 October (Oktyabrski) open-cast pit 

The Estonian oil-shale basin is situated in the north-eastern 
part of the republic. Oil shale is excavated both in mines 
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(30-60 m deep) and in open pits. A 4 m-thick productive bed 
siowly dipping southwards is embedded in Ordovician carbo
nate rocks. The eastern and western parts of the basin where 
kukersite is mined in open pits , lie within the boundaries of a 
swamped area. Utilization of the area depends on the 
dehydration of the Ordovician aquifer reiated to fissured and 
karsted Iimestones, dolomites and maris. In the basin as a 
whole, 7 m3 of water must be pumped out on the average to 
produce 1 ton of oil shale; in the October open-cast pit this 
figure reaches 1 1  m3 /t. 

Dehydration of pits is performed by means of forestalling 
drainage, ditch systems which take the water to sumps. From 
there it is pumped up to the surface and led into water-remo
ving channeis. In dependence on its turbidity, the water is 
heid in settling tanks for a certain time before reieasing it 
into network of surface drainages. 

October open-cast pit is situated in the western part of the 
basin where mining is performed on arabie Iand. According to 
the law the exhausted areas are recultivated by mining orga
nizations and returned to agriculture. Dew<.ltering in the pit 
is performed by means of a cirainage system running from 
north to south. In the southern part of the system water is 
pumped up to the surface and released into a water-removing 
channel. The arnount of daily discharged water ranges from 
60 000 m3 in the shallow water period up to 140  000  m3 during 
the snow meiting. 

L. Savitsky 

E i g h t h  d a y  

S top 8 : 1 «Polystrovo» mine1·al-water piant 

The Polystrovo ferrous minerai springs and their curative 
properties were discovered in 1 7 1 8  by Areskin, the court 
physician of Peter the First. At the end of the 1 8th century 
foundation was laid of an estate and a park on the bank of 
the N eva, with pathways Ieading straight to the minerai 
springs. The house was designed by architect Quarenghi. 
Aimost all the buildings of the minerai springs were damaged 
in the great fire of 1 870 .  In 1 886 the mining engineer Voislav' 
restored the utilization of Polystrovo minerai springs: water 
was bottled and put on market in the capital and in the pro
vince. 

In 1926  engineer G. Meyer initiated the studies on the hyd
rogeoiogy of the environs of Poiystrovo and built a minerai 
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water plant which was put into operation in 1 934. Currently 
minerai water is ohtained from two wells, the yield being 
about 7 1/sec. However, the actual use is considerably lower. 
The minerai water is derived from a confined sand aquifer 
lying between clayey till at a dep th of about 20-40 m. The 
piezometric level lies above the earth's surface. 

According to the present knowledge, the ferrous minerai 
water results from the oxidation of pyrite in water-bearing 
.sands. The solution holds iron dioxide due to the high content 
·Of carbon dioxide in Polystrovo water. The organic matter 
comprised in the clayey intercalations of the water-bearing 
strata serves as a source of carbon dioxide. 

The Polystrovo sulphate-chloride-bicarbonate calcium-sodium 
water is of a low degree of mineralization (0. 2 g/1) and its 
minor constituent being iron (Fe** 0 .02  g/1) .  The water häs 
been used for the treatment of ananemia, chronic catarrhs and 
dynamic diseases of stomach and bowels. 

I.  Nikolajev, V. Vanchugov 

Stop 8 : 2  The nehvork of wells applied for the study of ground 
water regime 

The network of welb applied for the study of ground water 
regime in Leningrad is compesed of mare than 1 0 0  wells, four 
of which c:re situatEd on the Zaichiye Island. These wells, 
5 to 10 m depth, were taken into use in 1 9 80.  The aim of 
observations is to study the effect of the ground water on the 
architectu:nl mcnucc nt - tne Petcr-Faul "s  (Petwpav�ovsk) 
Fortress - take measures for restricting this effect. In two 
wells experimental longncting automatic plotters const:c ucted 
by the organizations of the Ministry of Amelioration and 
Water Supplies of the USSR have been put to ·�est. 

Well no. 342  of a depth of 220 m, is laid out in Moscow 
.Square, serving as a reference point of the network applied 
for the stationary observation of the ground water regime in 
the Gdov aquifer. Water level is registered by an automatic 
plotter TP-38  equippEd with a clockwork that is wound up 
once a month. As this well  lies relatively far from the main 
water consumers, its drawdown does not reveal such great 
fluctuations in the water level as, for example, that in the 
centre of the town. In 1945 ,  after a long interval in the ground 
water consumption, the piezometric level of the Gdov aquifer 
was rather close to the earth's  surface in this area. At pre-
.36 



sent the level lies at a depth of about 55-60 m. Owing to 
the measures applied for the production of the water of the 
Gdov aquifer from pollution, its piezometric level has not 
revealed further lowering. 

Close by the above observation well lies another one with 
its mouth helow the earth's surface. The casing of this well is 
situated at a depth of 1 4 8  m and serves as a bench mark for 
the observation of the land subsidence. 

The records by automatic devices installed in the observa
tion wells within the sloping piezometric surface of the Gdov 
aquifer enable to regulate the exploitation of the latter and 
provide valuable information for the calculation of hydrogeo
logical parameters. 

I. Nikolayev, V. Vanchugov 

T e n t h  d a y  

Stop 1 0 : 1 Valdai Hydrological Research Laboratory 

Valdai Hydrological Research Laboratory (VHRL) named after 
V. A. Ouryvaev of the State Hydrological Institute is a large 
scientific and methodological institution dealing with hydro
logical experimental research in the USSR. 

The Laboratory was founded in 1 933 .  The establishment of 
VHRL markEd a new stage in the development of experimen
tal research in the field of land hydrology. The results of 
these researches considerably increased the possibilities of 
using the data of the network hydrometeorological observa
tions for the solution of numerous scientific and practical prob
lems. 

The Laboratory is equipped with up-to-date measuring de
vices, instruments and installations, many of which are quite 
unique. 

The results of the investigations in the field of hydrophy
.sics carried out at the Valdai Laboratory have provided bet
ter scientific knowledge of the proeesses of evaporation and 
served as the basis for the development of practical methods 
for computation of this water halanee element. 

The scientists of the Valdai Laboratory have suhstantially 
<:ontributed to the improvement of the technique of water 
halanee investigation and to the estimation of the regularities 
of runoff formation. The results of the research in this field 
are widely used while studying water halanee of dry far
ming land and irrigated areas for estimation of possible 
changes in runoff and water halanee as a result of human 
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activities as well as while analyzing the pracess of ground 
water recharge by precipitation. 

It was the Laboratory where valuable information on the 
pracess of sediment discharge formation and on the origin of 
channel forms was recelVed and methods of field investiga
tions coneerning these problems were developed. 

Much attention is paid to the design of instruments and 
equipment for experimental investigations. Special runoff and 
water halanee plats, soil and water evaporation iustallations 
as well as a number of new measuring devices have been deve
loped in the Laboratory. 

The Laboratory has widely participated in the organization 
of scientific expeditions for the study of variaus hydrological 
problems. 
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Excursion 028 

GEOLOGY AND MINERAL DEPOSITS OF THE LOWER 

PALAEOZOIC OF THE EASTERN BALTIC AREA 

The geological excursion 0 2 8  will take you to the classical 
.areas of the Lower Palaeozoic in Northern and Central Esto
nia. Sequences of Southern and Western Estonia, represented 
by rocks of different facies, will be demonstrated at the Särg
baua field station. The route of the excursion is shown in 
Fig. 2 . ,  and some parts of it in greater detail in Fig. 1 2 .  The 
itinerary of the excursion is as follows: 

1 s t  d a y  - arrival in Tallinn; in the afternoon introduc
tory lectures on Estonian geology and minerai resources at the 
hotel « Viru » .  A short account of the activities of different 
geological institutions of the republic will also be presented. 
After the meeting - sightseeing of the old and new town; 

2 n d  d a y - geological excursion in Tallinn and its out
-skirts. Subj ect 0f study - the Cambrian, Lower and Middle 
<Ordovician; 

Fig. 12 . The route of the excursion 028 in Tallinn and its environs. For 
legend see Fig. 1 .  

39 



3 r d d a y  - excursion along the Leningrad highway to the 
east of Tallinn and to the oil shale basin; 

4 t h d a y - excursion to the western and southern outsk
irts of Tallinn. Subject of study - the Middle and Upper 
Ordovician; 

5 t h  d a y  - excursion along the Pärnu highway. Subj ect of 
study - the Llandovery and W enlock; 

6 t h  d a y  - visit to Särghaua field station of the Institute 
of Geology, Acad. Sci. of the Estonian S .S .R. ,  near Türi. Sub
j ect of study - the boring sections (Cambrian, Ordovician� 
Silurian of Western and Southern Estonia) ;  

7 t h  d a y  - visit to Lahemaa National Park; leaving Tal
linn for Moscow and other towns. 

GEOLOGICAL ITEMS OF THE EXCURSION 

S e c o n d  d a y 

The first half of the field excursion will include the study 
of all the Lower Cambrian subdivisions exposed on Estonia's 
northern shore. Many geographical names of units used in 
Cambrian stratigraphy are derived from the classical outcrops 
in the environs of Tallinn (Fig. 12 ) .  The second half of the day 
will be devoted to the investigation of the Lower and Middle 
Ordovician (Tremadoc, Arenig, Llanvirn) .  

S top 2 : 1 - the Kopli quarry 

The range of the quarry of the Tallinn Building Ceramics 
Plant depends on the seasonal hydrogeological and mining 
conditions in the quarry. 

In the deepest part of the quarry the clays of the Kestla 
Member of the Lontova Formation crop out. They are repre
sented by multicoloured violet-grey clays. In the higher part 
a 4-6 m thick unit of grey silty clays of regressive character 
can be observed, belonging to the Tammneeme Member. These 
clays are enriched by silty material which occurs in irregular 
lenses, pockets and scatterings. Independent interlayers of 
siltstone are not observed here, contrary to the adjoining sec
tions east and south of Tallinn. 

In comparison with the underlying Kestla Member this part 
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of the Lontova Formation is poorer in pyritized tracks and 
trails of burrowing organisms, which, however, are still rat
her frequent here. Diagenetic enrichments in the form of loose 
light grey phosphate and glauconite occur in those clays. 

Fossils are represented by siliceous fragments of P latysole
nites antiquissimus Eichw. and P. spiralis Posti. A typical 
Lontova assemblage of acritarchs has been identified. 

Above, outwardly with a rather indistinct contact, lies the 
Lükati Formation. Its lower part is composed of greeni-sh grey 
silty clays with rare siltstone intercalations. The latter increase 
in number upwards; however, a series of regularly alternating 
clays and siltstones is missing in the section - the latter will 
be demonstrated at the next stop. In the Kopli quarry the 
siltstone intercalations are generally rather thin; however, 
they frequently form considerably large lenses with very un
even lower surfaces. As a rule, the siltstones are strongly 
cemented with poikiloclastic carbonaceous cement; traces of 
phosphate mineralization can sometimes be observed. Fre
quently the siltstones are rich in glauconite, and the lower sur
faces of the beds contain abundant imprints of bioglyphs. 

In the clays of the Lükati Formation the silt companent may 
be represented by thin lenticular intercalations in the form 
of a scattered admixture in the transitional rocks between 
the siltstones and clays, or by the filling material of sporadic 
pockets and tracks of mud-eaters. The pyritized tracks of 
worm-like organisms are either laeking or represented by very 
small traces. 

The organic remains of the formation indude Vol borthella 
tenuis Schm. , which sometimes forms very rich taphonomic 
accumulations, by Luekatiel la, and by unidentified fragments 
of inarticulate brachiopods and trilobites. An abundant Lükati 
assemblage of acritarchs has been established in the clay. 

Basal conglomerate composed of dark phosphatic siltstone 
pebbles serves as the contact between the Lontova and Lükati 
Formations; however, it may be observed in a few places only. 

This, at first sight hardly recognizable contact is of utmost 
interest in the quarry, for it marks an important boundary in 
Cambrian history: it is underiain by the so-called pre-trilobitic 
beds - a formation of disputable Cambrian age - and aver
lain by trilobite-bearing Cambrian with Schmidtiel lus. A re
markable gab in the sedimentation (in West Estonia the Sõru 
Formation is missing) and great structural rearrangements in 
deposition are revealed at this boundary. The apparent re
semblance of the sequences below and above this contact is a 
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result of the resedimentation of clayey matter from the under
lying rocks during a new Lükati transgression. 

At present the clays of the upper Lontova and Lower 
Lükati Formations available in the Kopli quarry are used as 
raw material for bricks. They cannot be applied for producing 
high-grade products since some of their properties, such as 
fusibility, uneven distribution of the silt companent and sulp
hur content account for white «blooms » on the products. 

E. Pirrus 

Stop 2 : 2  - cliffs at Rocca al Mare 

A great number of small abrasional exposures are situated on 
the territory of the Open-Air Museum at Rocca al Mare, on 
the Kakumägi Peninsula. 

The Lükati Formation crops out at sea level. It is represen
ted by a sequence of interlayered grey clays and siltstones 
with clasts of Volborthe l la. 

The lowermost 3-4 metres of the Tiskre Formation - the 
Kakumägi Member - lie upon the preceding unit with a small 
hiatus, marked by a slightly undulated discontinuity surface 
and basal conglomerate from dark phosphatic silt pebbles and 
rounded phosphate valves of brachiopods (so-called Mickwitzia 
conglomerate) .  Single lenses of conglomerate occur also bigher 
up above the contact - in this exposure they have been estab
lished at three levels. The present member is characterized by 
the presence of an interlayer of coarse-grained siltstone or 
fine-grained sandstone of 0 . 8  to 1 . 4  m thickness, with distinct 
dolomitic cement of poikiloclastic type ( «pisolithic sandstone» ) .  
Upwards the siltstone becomes richer in clay and less com
pact, containing single crossbedded series, aggregates and 
concentrations of pyrite, slump rolls and flat lenticular beds 
of coarse siltstone with a lower clay content. 

In this exposure the Kakumägi Member reveals an impo
verished assemblage of acritarchs characteristic of the regres
sive part of the Livonian Regional Series (Jankauskas, Posti, 
1 973) ,  Scenel la, Mickwitzia, and also ostracodes from the family 
Bradoridae (MeHe, 0 H p p yc, 1 9 77) .  Unknown fragments of tri
lobites have been found as well. 

E. Pirrus 

Stop 2 : 3  - Tiskre cliff 

Tiskre cliff forms a part of the high Rannamõisa clint and 
serves as a stratatype of the Tiskre Formation, which is ex-
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posed here in almost its entire thickness - 1 6 . 3  m. Only the· 
lowermost beds of the formation remain below sea level. 

The lower part (3 . 85 m) of the section is referred to the 
Kakumägi Member, which is made up of massive light grey 
siltstones with intercalations of pelitic siltstones. The struc
ture of the rocks forming this member is disturbed, lenticular 
and rapidly changing laterally. Here ripple marks occur with 
an orientation of ridges towards the northeast, 40-50° and 
northwest 330°  (length 5-7 cm, height 0 . 7-0. 8  cm).  

The abovelying Rannamõisa Member is 12 m thick and con
sists of more homogeneous and well-sorted light grey coarse 
siltstones. Only the middle part of the unit is richer in clayey 
matter. The structure of the rocks indudes almost horizontal 
bedding, reflecting a more tranquil sedimentary environment. 

The compositian of siltstone is nearly monomineralic -
quartz. The clayey companent is represented by illite with 
chlorite admixture. Scattered glauconite is found everywhere 
in rocks; microcrystalline aggregates of pyrite are abundant. 

Fossils are rare in the section. Clay intercalations have 
yielded single acritarchs (leiosphaerides), some bedding pla
nes appear to bear trails of molluscs and Scolithus and rare 
phosphatized detritus of brachiopods. A rounded fragment of 
phosphatized brachiopod shell resembling Mickwitzia (MeHe, 
0Hppyc, 1977 )  has been found in the upper part. 

The upper boundary of the formation, very distinct, is de
nudational : the upper part of the Lower Carobrian as well as 
the Middle and Upper Carobrian are missing here. 

Higher in the section the Lower and Middle Ordovician 
rocks are inaccessible to immediate study. 

E. Pirrus 

Stop 2 : 4  - Lasnamägi (Suhkrumägi) 

In the area of Suhkrumägi, where the road descends down the 
clint, a section of Middle and Lower Ordovician rocks is ex-
posed (from the top downward) :  

L a s n a m  ä g i R e g i o n  a l S t a g e; V ä o F o  r m a t i o n 

0 . 3 + m  - Pae Member: grey dolomitic, microcrystalline, fine 
organodetrital, medium to thick bedded limestone with brown
ish subvertical burrows. 

2 .4  m - Rebala Member: grey, unevenly dolomitized, micro
crystalline, fine organodetrital, medium bedded limestone 
with weakly phosphatized discontinuity surfaces, in the lower 
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(0 .2 m) part with white phosphate and brown goethite ooids, 
characteristic species: Orthoceras regulare Sch1oth, Christi
ania oblonga (Pander) , Tal linoceras lasnamäense Ba1ashov. 

A s e r i R e g i o n a l S t a g e, A s e r i F o r m a t i o n 

0 . 5  m - Ojaküla Member: low to medium argillaceous, fine 
organodetritic, grey, medium-bedded limestone with abundant 
goethitic ooids. 

K u n d a R e g i o n a 1 S t a g e, L o o b u F o r m a t i o n 

0 . 7  m - Ubari Member: grey, fine organodetritic, thick-bed
ded limestone with sparse g1auconite grains, with phosphatic 
discontinuity surfaces in the 1ower part. Characteristic species : 
Ingria expressa Öpik, Pseudoasaphus g Lobifrons (Eichwa1d) ,  
Homalopyge stacyi (Schmidt). 

P a k r i  F o r m a t i o n  

0 . 1-0.2  m - Kallaste Member: yellowish grey, fine organo
detritic limestone with grains of quartz and g1auconite, also 
containing gravel and coarse gravel phosphatic material. Dis
continuity surfaces with phosphatic and pyritic impregnations 
are characteristic here. At the lower boundary occurs a flat 
discontinuity surface with deep (up to 1 5  cm) pockets filled 
with grains of glauconite. Characteristic species : Eoplacognat
hus? variabilis (Sergeeva), Howelle lla rugosa Gorj ansky. 

V o 1 k h o v R e g i o n a 1 S t a  g e, T o  i 1 a F o r m a t i o n 
0 .07  m - Kalvi Member: grey, fine organodetritic limestone 
with abundant fine grains of g1auconite and Scolopodus cor
nuformis Sergeeva, Conchoprimitia gammae Öpik. 

1 .  8 m - Telinõmme Member: alternation of limestones and 
marls (ratio 1 : 1 ) .  Light grey, low argillaceous, fine organo
detritic medium-bedded to seminodu1ar limestone; greenish 
grey, argillaceous marl. The limestone layers are 5-8 cm and 
those of the marls 2-1 0  cm thick. The grains of glauconite are 
dispersed throughout the whole sequence. Characteristic spe
cies: Productorthis obtusa (Pander), Paurorthis parva (Pander). 

0.6 m - Saka Member: grey, pink or yellowish in the lower 
part, thin to finecrystalline, fine organodetritic, medium bed
ded ealeareaus dolomite with big grains of glauconite and 
limonitic discontinuity surfaces. At the base a flat disconti
nuity surface with amphora-like holes, up to 5 cm in depth. 
Characteristic species : Productorthis aculeata (Pander), Prio
niodus (Baltoniodus) navis (Lindström). 
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L a t o r p R e g i o n a l S t a g e, T o i l a F o r m a t i o n 

0 .3  m - Päite Member: grey (in the middle part pinkish) , fine 
to medium crystalline, fine organodetritic, thin to medium 
bedded ealeareaus dolomite with dispersed grains of glauco
nite and rare quartz grains and limonitic, phosphatic and 
pyritic discontinuity surfaces. Characteristic species: Megis
taspis estonica (Tjernvik), Panderina tetragona (Pander), Perio
don flabellum (Lindström). 

L e e t s e  F o r m a t i o n  

0 . 2 m - Mäeküla Member: greyish green silty quartzose
glauconitic sandstone. In the upper part the sandstone turns. 
into dolomite. In the lower part nodular, in the remaining 
part from thin to medium-bedded. Characteristic species: 
Paurorthina resima Rubel, Ranorthis parvula (Lamansky). 

0 . 55  m - Iru Member: green, sandy-clayey glauconitic silt 
with dark phosphatized detritus of inarticulate brachiopods, 
sporadically slightly cemented, rhythmical alternation (after 
every 5-20 cm) with intercalations (up to 5 cm) of light grey, 
in places yellowish, microbedded clay. Characteristic species : 
Scolopodus rese Lindström, Drepanoistodus forceps (Lind
ström),  Cordylodus angulatus Pander. 

0 , 85 m - Klooga Member: dark green glauconitic silt with 
intercalations of relatively well-cemented organodetritus and 
also shells of linguloids. The middle part of the member con
tains thin- and medium-bedded clay intercalations with flat 
bedding planes. The upper and lower parts are of a rather 
massive structure. Characteristic species: Cordylodus angulatus 

Pander, A codus deltatus Lindström, A codus erectus Pander. 

C e r a t o p y g e  R e g i o n a l  S t a g e  

0 . 2  m - Varangu Formation: beige clay, in the upper part 
plastic, in the lower part argillaceous with Bryograptus sf. bro
egger Monsen and Clonograptus sp . 

P a  k e r o r t  R e g i o n a l  S t a g e, T ü r i  s a  1 u F o r m  a
t i o n  
4 .0  m - Tabasalu Member: dark brown kerogen-bearing grap
tolitic argillite of a fine-plated structure. 

K a l l a v e r e  F o r m a t i o n  

0 . 8 m - Suurjõe Mcmber: yellowish-white quartzose organo
detritic ( «detrite layer» )  fine- to medium-grained sandstone, 
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strongly pyritized at the top ( «pyrite layer» - 0 . 1  m), weakly 
cemented in the lower part. Phosphatic brachiopod detritus, 
frequently oriented along the cross-bedding. 

0. 70 m + - Maardu Member: quartzose, mainly fine-grained 
sandstone with thin intercalations of argillite, shells and det
ritus of inarticulate brachiopods. 

In the Kallavere Formation the following species have been 
identified: Obolus (0.)  apol linis Eichwald, 0. (0.) ingricus Eich
wald and 0. (Schmidtites) celatus (Volborth. ) .  

The Tremadoc is represented by deposits of open (sandstones) 
or isolated (argillite) shallow shelf sea with a terrigenous type 
of sedimentation. The sequence beginning with the lower part 
of the Arenig shows the development of the main Ordovician 
transgression in the shallow epicontinental shelf basin with a 
carbonate type of sedimentation. 

The carbonate rocks of the Lasnamägi Regional Stage have 
served for centuries as the main building material for Tal
linn. The town wall, the dwelling houses, churches and many 
other buildings in the old town have been built of these 
rocks. Currently the carbonates of the Lasnamägi as well as 
underlying stages are mined in three large quarries (Harku, 
Väo, Maardu) in the environs of Tallinn. 

L. Põlma, S. Mägi 

T h i r d d a y  

The main task of the day is to get acquainted with the major 
Estonian minerai resources - phosphorites and oil  shale, and 
also with the associated Ordovician rocks. 

Stop 3 : 1 - the Maardu open-cast pit 

The open-cast pit lies east of Tallinn, on both sides of the Le
ningrad highway. 

In the Maardu phosphorite deposit, the reserves of P205 are 
small. Phosporite has been excavated here since 1923 ,  and the 
major part of the reserves is already exhausted. The deposit 
is subjected to surface mining since the depth of the produc
tive seam does not exceed 20 m. The average section of rocks 
exposed 

Quaternary mellow and sandy loam 0.2-1.0 m 

Ordovician limestones and dolomitic limestones (for detai-
led subdivision see 2 : 4) 2-16 m 
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T h e  L e e t s e  F o r m a t i o n  

Glauconitic sandstone, more or less argillaceous 

T h e  T ü r i s a l u  F o r m a t i o n  

Bituminous argillite (Dictyonema shale) 

T h  e K a 1 1  a v e r e  F o r m  a t i o n, S u u r j õ e  M e  m
b er 

1 .5-2.2 m 

2. 5-4 . 0  m 

Strongly pyritized fine-grained quartzose sandstone 0. 02-0. 10 m 
Weakly cemented fine-grained quartzose sandstone with 
fragments of phosphorus-bearing valves of brachio-
pods 0.60-0.80 m 

T h e K a l l  a v e r e  F o r m a t i o n, M a  a r d u M e  m
b e r  

Fine-grained quartzose sandstone with a small arnount of 
valves of brachiopods or their fragmer1ts 2 . 0-3.0 m 

Fine-grained quartzose sandstone rich in complete or 
fragmentary phosphorus-bearing valves of brachiopods 0.2- 1 . 6  m 

Fine-grained quartzitic sandstone with occasional valves 
of brachiopods 2.5 m 

In the Maardu deposit the average thickness of the produc
tive seam equals 1 . 0  m. The mean content of the minerai com
panent (P20s) reaches 1 0-12 per cent. The phosphorite layer 
is represented by fine-grained quartzose sands and sandstones 
containing phosphorus-bearing valves of brachiopods (the so
called Obulus conglomerate) . The valves consist of phospha
tic matter - fluor-carbonate-apatite with an admixture of 
clayey matter and fine scattered pyrite .  The black colour of 
the valves is due to the latter. P20s concentration ranges from 
35 to 37 per cent in the valves. 

The open-cast mining of phosphorite is performed according 
to a complicated scheme. It starts by remaving the tcip soil 
which is laid aside for succeeding reclamation of the exploited 
areas. The upper part of the limestone is subj ected to selective 
processing. The mined limestones are used for manufacturing 
road metal; for these purposes a special plant has been built. 
The rest of the ballast matter is excavated by means of a drag
line and disposed in a waste dump. The productive seam is loo
sened by using excavators and transported to the concentration 
plant. The exploited areas are reclaimed by afforestation or 
used as kitchengardens by workers of the enterprise. 

Estonian phosphorites are easy to concentrate by means of 
flotation. In the Maardu concentration plant the cation method 
of flotation is used which allows to extract 80-85 per cent 
of the useful component. The ohtained concentrate with a 
27-2 8  per cent P20s content is used for manufacturing super-
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phosphate at the chemical plant. The undesirable compo
nents (MgO and Fe203) ,  which as a rule tend to hamper the 
concentration and the processing of phosphorite, occur in the 
Maardu phosphorite in insignificant amounts and do not 
exert any remarkable influence on its processing. In the 
mining of phosphorites difficulties arise due to the self-igni
tion of the overlying Dictyonema shale in waste dumps. The 
burning shale pollutes the atmosphere with smoke and elimi
nates the possibility of land reclamation in the area. At pre
sent much attention is paid to the elaboration and application 
of measures aimed at a safe bedding of Dictyonema shale and 
at preventing its self-ignition. The commercial reserves of 
Maardu phosphorite are not great. In Estonia the main phos
phorite supplies are concentrated in the Rakvere District, 
where a phosphorite bed (3-10 m thick, mean P20s content 
1 0-14 % )  covers an area of 1 0.00 km2. In the Rakvere District 
the phosphorites lie at a depth of 1 0-1 5 to 200 m; thus they 
can be produced by underground mining, mostly. At the present 
time these areas are subject to extensive prospecting. The 
Rakvere phosphorite area will bP. taken into exploitation in 
the nearest future. 

E. Mustjõgi 

S top 3 : 2  - Aluvere quarry 

In the Aluvere quarry, west of the Rakvere-Kunda railway, 
immediately south of the Tallinn-Narva highway the follow
ing sequence of the Middle Ordovician is exposed: 

J õ h v i R e g i o n a l S t a g e, J õ h v i F or m a t i o n 

4 . 8 - Aluvere Member: light grey, in weathered state yellow
ish, predominantly medium argillaceous, microcrystalline, fine 
organodetritic, medium-bedded to seminodular limestone. The 
upper half of the member contains an interbedding of limes
tones and marls. The lower boundary is characterized by 
metabentonitic intercalation of up to 4 cm in thickness. 

I d a v e r e S t a g e, V a s a v e r e F or m a t i o n 

2 .2  + - thin and medium scale interbedding of argillaceous 
limestones,  marls and metabentonites. Kukersite kerogen is 
frequently present in limestones and marls, both as scattered 
grains and thin intercalations. The most distinct kerogen inter
calation (3 cm) can be observed at a depth of 6.25 m. At 
least 5 white to dark grey plastic bands of metabentonitic 
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clays (2-5 cm in thickness) occur. They are described at 
depths of 5 .32 ;  5 .47 ;  5 .55 ;  6 . 58  and 6 .75  m. 

The carbonate rocks in the Aluvere quarry are referred to 
open shelf deposits of medium depths, related with the stabili
zation stage of the basin. They have served as raw material 
for manufacturing cement. 

More than 150  species of macrofossils and about 20 species of 
ostracodes have been reported from the Aluvere quarry. The 
following species are characteristic of the Jõhvi Formation: 
Clinambon anomalus (Schlotheim) , Estlandia pyron silicificata 
Öpik, «Chasmops» wenjukovi (Schmidt) ,  Bothriocidaris pahleni 
Schmidt and Carinobolbina carinata (Krause) as well as the spe
cies in common with the underlying Vasavere Formation: Clitam
bonites schmidti epigonus Öpik, Porambonites baueri Noetling, 
Platystrophia lynx lynx (Eichwald), Polycerate lla aluverensis 
Sarv. 

The Vasavere Formation is characterized by Phylloporina alu
verensis Männil, Kullervo aluverensis Öpik, and others. 

L. Põlma, L. Hints 

Stop 3 : 3  - the October open-cast pit 

The Baltic Oil Shale Field plays an important role as a supplier 
of fuel to the north-western industrial areas of the European 
part of the Soviet Union. Three large deposits - the Estonian, 
Leningrad and Tapa ones - are located on its territory (Fig. 
1 3) .  The first two are exploited. The kukerites of the Baltic 
Oil Shale Field are referred to sapropelites and considered to 
belong to the best in the world (see BayKoB, RoT.rryKoB, pe�. , 
1 973 ;  BayKoB, MycT:HhirM, pe�. , 1 968) .  

The Estonian deposit is  the largest one, forming approxima
tely 80 per cent of the oil shale commercial reserves of the 
Soviet Union. This deposit covers an area of 3700 km2 in the 
northern part of the Estonian SSR. The northern border is ero
sional in the east; the border conventionally coincides with the 
N arva River, in the west, and in the south - with the isopach 
of a 1 . 4-m-thick oil shale seam. 

Oil shale is produced in seven mines and four open-cast pits. 
The total annual output reaches 30 million tons of commercial 
oil shale. Mining is hindered by the complicated structure and 
varied depths of the bottom of the productive seam, strong 
j ointing and abundant karst belts in rocks, erosion of the seam 
along buried valleys, and heavy water flows in deposits. 

All the acting mining enterprises are located in the central 
and eastern parts, i. e. in the richest areas of the deposit. The lar-
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_gest oil shale producing enterprises are the Estonia mine and 
the October open-cast pit with their annual outputs of 5 mil
lion tons and over 4 million tons, respectively. 

The main oil shale consumers are the power engineering 
(about 80 % )  and shale processing (about 20 % )  industries. 

Two of the world's  largest electric power stations, which 
work on the basis of thermal energy derived from oil shale 
combustion, are situated in Estonia. These are the Baltic 
Thermal Power Station and the Estonian Thermal Power 
.Station with a total capacity of over 3 million MW. The by
product of the combus tion of oil shale at power stations is ash, 
which is widely used in the building materials industry for 
producing high-quality shale ash Portland cement, shale ash 
·concrete, as well as in the manufacture of silica bricks; in 
.agriculture it serves as an agent for the deoxidation of sour 
soils, and in road building - for strengthening the road foun
dation. 

Oil shale is processed at two plants in the town of Kohtla
Järve. The main products are shale tar, gas, natural benzine, 
watersoluble phenols, solvents, antierosive agents for soils -
nerosine, etc. The main primary product - shale tar - pro
vides a basis for the production of high-quality fuel oil, oil 
for impregnating timber, benzine, benzene, coke for carbon 
·electrodes, tanking agents, lacquer-like coating materials, mas
tics, bitumen-like substances, plug-up resin, etc. 

In recent years the application of kukersite has been con
siderably expanded. Kerogen concentrate (kerogen-70) ohtai
ned by the flotation method, is used as a filler in the manu
facturing of various plastics, porous, ebonitic and rubher pro
<lucts. 

Foundation has been laid to a new direction of kerogen uti
lization - oxidational destruction. This method yields a mix
ture of saturated carboxylic acids used in the production of 
synthetic and fiber materials and serves as a plant growth sti
mulator - 0.2-1 . 0  kg per ha increases the yielding capacity 
about 1 5-20 per cent. 

From the geostructural point of view the Estonian oil shale 
·deposit is located on the southern buried slope of the Baltic 
Shield of the East European Platform. 

Oil shale is related to the Middle Ordovician Uhaku, Kuk
ruse, Ida vere, Keila and N abala Regional Stages. The richest 
oil shale reserves are connected with carbonate rocks of the 
Kukruse Regiostage (Upper Llandeilo) ,  where up to 30 oil shale 
layers are counted within the interval of 1 2-1 7 m. The pro
ductive beds are related to the lower part of the Kukruse 
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Regiostage where the thickest and constant oil shale layers 
form the productive seam of the oil shale deposit (Fig. 1 3). 
The complicated structure of the productive seam is caused by 
frequent interbedding of oil shale layers (from the bottcim to 
the top specified by the indexes A, A1, B, C,  D, E, F 1 ,  F2) of 
different quality, and limestones intercalations (from the bot
tom to the top B-A 1 ,  B-C, D-C, E-D) of different composi
tion. The oil shale layers comprise limestone concretions of 
variable form (intercalations, lenses, irregular nodules) and 
size (from some centimetres to 30 cm).  

In the oil shale seam the share of limestones increases from 
the central part of the deposit towards its marginai areas, 
whereas that of kukersite deereases in the same direction. For 
these reasons the southern and western geological borders are 
determined by genetical thinning-out of the oil shale layers; 
they are replaced by marls, argillaceous limestones and kero
gen-bearing limestones. 

Oil shale is a sedimentary thin-layered terrigenous-carbo
nate rock of tawny colour. It is rich in organic matter -
kerogen with abundant detritus of marine organisms. Oil shale 
burns in the flame of a match, and smells of burnt rubber. 

Kukersite is made up of three main components : terrigenous 
(clastic) material, organic matter (kerogen) and carbonates. 

The terrigenous material is represented by quartz, orthocla
ses and hydromica, 2-30 f.!km in grain size. 

Kerogen is a macromolecular matter, insoluble in common 
organic and alkaline solvents. Thermal processing of kerogen 
at 500-550°C yields a relatively large arnount of liquid and 
gas products. The elementary kerogen compositian is charac
terized by a high hydrogen content (9-1 1 %  ). The organic 
matter of phytoplankton which has undergone decomposition 
in the pracess of sedimentation and diagenesis serves as the 
initial material for kerogen. 

The carbonates of kukersites are dominated by calcite with 
an inconsiderable arnount of aragonite, dolomite and magne
site, with the grain size ranging from 5-20 f.!km to some mm. 

The research into the Estonian deposit as a large raw ma
terial source started as late as 1 9 1 6 , while regular and large
scale investigations have been performed since 1 945 .  The oc
currence of one productive seam, its permanence along the 
strike and capwise, and the gentle dip have enableci to apply 
the simplest exploration technique -core drilling. 

In the course of the exploration and exploitation of the de
posit, the main regularities of the variability of parameters of 
the productive seam have been established. One should point 
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Prime qualitative and quantitative oil shale characteristics 
of the Estonian deposit 

Indices of the oil shale seam Unit of In the Este-
rneasure nian deposit 

as a whole 

Depth of the bottom m E-1";"0 

Total thickness of the seam 

Summary thickness of oil 
shale layers (below STL) 

Organic matter content on 
STL 

Ash content on STL 

Specific calorific value on 

0 '  , o  

total thickness ccal/kg 

Specific calorific value on STL 

Tar y:eld according to Ficher 
on STL Ofo 

Commercial oil shale yield 
Specific calorific value of 

commercial oil shale ccal/kg 
Reserves o·:� STL mlrd. t 

1 . :: 5-3.5 

0 .8-2.8 

15-40 

58-25 

1000-2350 

1250-3450 

9 .0-25.5  

25-66 

2 150-330 

8.0 

In the ex
ploited part 

5-65 

2 .3-3.5 

1 .6-2. 8  

25-40 

49-35 

1700-2350 

2000-3450 

14 .5-25.5 

55-66 

2650-3300 

1 .3  

out here that the thickness of the seam, the capacity of oil 
shale, and the tar yield decrease, and the share of non-orga
nic matter (rocks) in the seam, the ash content in oil shale, 
and the bedding depth increase from the central (exploited) 
part of the deposit towards its margins. At that these tenden
cies are more rapid southwards than westwards. 

Qualitatively the oil shale of the Estonian deposit is refer
red to low quality, fine-grained rich in ash solid combustible  
minerals, which gives a high tar  yield and serves as  a comp
lex raw material. 

The section of the October open-cast pit exposes the rocks 
.of the Uhaku, Kukruse (Llandeilo) and Idavere (Caradoc) Re
gional Stages of the Middle Ordovician (Fig. 1 3) .  

The Uhaku Regiostage is represented by greenish argillaceous 
limestones with interlayers of marls, marly oil shale and kero
gen-bearing limestones.  

The Kukruse Regiostage is dominated by organodetrital 
lillestones of a thin-layered to nodular structure, often with 
abundant kerogen-bearing (yellowish grey), seldom with argil
laceous (greenish grey) intercalations of oil shale (from thread
like one to 0 .6  m in thickness) ,  marls and kerogen-bearing 
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maris. At the base of the stage there are light successive oil 
shale layers (A-F2) ,  which form the oil shale deposit (pro
ductive seam) . The lower boundary of the stage proceeds along 
the bottom of the oil shale layer A. 

The Idavere Regiostage is composed of greenish grey orga
nodetrital argillaceous limestones with abundant marl inter
calations and rare bands of oil shale and kerogen-bearing 
maris. The lower boundary proceeds along a double pyritized 
discontinuity surface. 

In the Kukruse Regional Stage occur numerous well-preser
ved fossils (according to Rõõmusoks, 1 9 70 ,  more than 300 
species have been established) .  In this respeet the Kukruse 
assemblage is the richest in the Estonian Lower Palaeozoic, 
and members of the excursion will have a good opportu
nity to ealleet different fossils. 

0. Morozov 

This day will include the study of the Middle and Upper Ordovi
cian in North Estonia from Tallinn to the settlement of Kohila. 
Of special interest are the bioherms or carbonate mounds of 
the East Baltic Or dovician in the vicinity of Vasalemma (stop 
4 : 2 ) .  

S top 4 : 1 - Peetri 

In the northern slope of Peetri hill. 0 . 3  km west of the Tal
linn-Keila highway, the following Middle Ordovician sequence 
(from top) is exposed: 

J õ h v i  R e g i o n  a I S t a g e, J õ h v i F o  r m a t i o n 

4 .40 + - Aluvere Member: light grey with greenish of blue 
shades, fine organodetritic, medium-bedded, argillaceous li
mestone, in the upper part (2 m) with intercalations of marl. 
The lower boundary is marked by a layer (3-5 cm) of metaben
tonite. 

Rocks of the Jõhvi Regional Stage are rich in fossils. In 
addition to the species mentioned at stop 3 : 2 ,  the Jõhvi For
mation here is characterized by Illaenus jevensis Holm and 
Pseudotal linnella scopulosa Sarv, as well as by species in com
mon with the Idavere Regional Stage: Platystrophia chama 
(Eichwald) , Mastopora concava (Eichwald), Reete lla ziecke rensis: 
Schallreuter etc. 
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I d a v  e r e  R e  g i o n  a 1 S t  a g e, V a  s a  v e r e  F o r m  a
t i o n  

0 .42 - light grey, fine organodetritic ,  medium-bedded, pure 
to argillaceous limestone with sparse kerogen, in the lower 
part. 10 cm upwards from the base a metabentonitic layer 
(3-5 cm) occurs. 

In the Peetri locality of the Idavere Regional Stnge 23 spe
cies have been identified. 

K u k r  u s e R e g i o n  a 1 S t a g e,  V i i v i k o n n a F o r
m a t i o n  

0 . 70  - Peetri Member: light grey, fine organcdetritic to fine 
organodetrital , thin to medium-bedded, in places seminodular, 
pure to argillaceous limestone Yvith thin (2-3 cm) bands of 
browncoloured thin to medium-bedded kukersite. At the 
upper boundary of the Kukruse Regional Stage at least 6 
pyritized discontinuity surfaces occur. 

An �nclinal pit is locatE'd at about 50 m north-east of the ex
posure. According to A. Rõõmusoks (PhrhrMycoKc, 1970 )  the 
Kukruse Regional Stage is E'xposed therc in its total thickness 
(8 . 2 5  m). A typical nodular and seminodular structure of 
rocks may be observed. The 2 5  described species of macro
fossils of the Kukruse Regional S�age in Peetri locality include 
Bilobia musca (Öpik) ,  Ciitarnbonites schmidti (Pahlen) and ot
hers. 

The rocks cropping out on Peetri hill a r e  referred to open
shelf sediments of medium depths. 

L. Fõlma, L. Hints 

Stop 4 : 2  - Vasalemma 
In the old quarry of Vasakmma, 40 km south-west of Tal
linn, the Vasalemma Forma: ion crops out to a thickness of 
4-5 m. The formation indudes the upper half of the Keila 
Regional Stage and the Oandu Regional Stage of the Middle 
Ordovician (Caradoc) in West Estonia. This quarry contains 
the uppermost (third) member of the formation (:>ee Table 3 ) .  
The Vasalemma Formation is  distributed as  a belt (2-5 
km wide) of outcrop between the settlements of Risti (West) and 
Saku (East) (about 40 km) in NW Estonia (M.HHHMJih, 1 9 66) .  

The Vasalemma Formation rests upon the Pääsküla or Saue 
Members of the Keila Regional Stage, which is characterized 
by the presence of pelletal material (3-1 5 % )  in carbonate 
rocks. On the roof of the formation, in depressions of bedrock 
topography, a conglomerate layer (up to 12 cm) is rarely 
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Fig. 14.  Section of the Vasalemma Formation in the western part of the 
quarry: 1- carbonate mound; 2 - bedded grained (cystoid) limestone; 

3 - dump. 

found, which may be correlated with the Tõrremägi Member of 
the Rägavere Formation of the Late Oandu age. The conglome
rate layer is overlain by cryptocrystalline (aphanitic) limes
tone of some centimetres in thickness, which is already of a 
Rakvere age. 

The rocks of the Vasalemma Formation are prevailingly 
typical shoaly granular deposits, which form a narrow belt 
surrounded by normal-marine shelf  sediments. They comprise 
developments which at different times and by different aut
hors have been named differently: reefs, bioherms, organic 
buildups, and currently, after V. Jaanussan ( 1979 )  carbonate 
mounds. 

The Vasalemma organodetritic limestones have served for 
centuries as a first-class building material. Currently they ar e  
worked u p  into roc:d metal. 

Two main rock types of the Vasalemma Formation (of the 
upper member, prevailingly) are exposed in the wall of the 
quarry at the observation point (Fig. 14) .  These two types are 
dominated by carbonate mounds, composed of pure (the con
tent of terrigenous material up to 3-6 % ) , cryptocrystalline, 
with considerably rare (below 1 0 % )  predominantly fine un
rounded organodetritus, greenish grey (in places bluish) ,  fine
bedded to massive limestones. Pelletal material occurs in 
small amounts (usually below 2 %  ). In places, especially in the 
marginal areas of carbonate mounds, greenish grey argiHa
eeaus marls are distributed in the form of irregular inclusi
ons, lenses and intercalations. The carbonate mounds vary in 
form, reaching 10 m in height and 50-60 m (occasionally 
300 m) in width. They comprise concentrations of more or 
less unbroken skeletons of different organisms (bryozoans, 
echinoderms, algae, receptaculids, tabulate corals) ,  forming in 
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some places 25 or more per cent of the whole bulk of rocks . .  
However, these organisms are likely t o  have never formed a 
regular organic buildup in the mounds, and therefore we tend 
to consider those formations as carbonate mounds. 

The second rock type at this stop is represented by pure · 
(the content of terrigenous material usually below 2 %  ), coarse, 
organodetrital, light grey, in pyritized state dark grey, weathe
red parts to yellow, medium- to thick-bedded limestone; 
lamination is predominantly induced by stylolites. The con
tent of organodetritus amounts to 55-65 % ,  the content of 
medium-crystalline sparry calcite reaches 1 0-1 5 % .  In the 
lower member, espedally in the basal part, detritus consists 
prevailingly of bryozoan fragments, replaced upwards by 
eehinaderm detritus (mainly cystoid) (IIbiJIMa, 1977 ) .  

The carbonate mounds and surrounding deposits are charac
terized by Cyathocystis rhizophora Schmidt, Hemicosmites · 
pulcherrimus Jaekel, Herpetocystis vajgatschensis (Jelt. et Stuk) , 
Eofletcheria arvikui (Sokolov),  Stenopareia ava (Holm) , Soleno
pora spongoides Dybowski and more than 40 species of bryo
zoans. In the Vasalemma Formation the last-mentioned group · 
forms an half out of the total number of macrofossil species. 

The third type of rocks is represented in the lower unit. These 
intercalations are composed of .argillaceous, greenish grey, mic
rocrystalline, fine organodetrital, seminodular limestones, which 
do not crop out at this stop. The following species have been 
reported from these limestones: Estlandia pyron silicificata Öpik, 
Horderleye lla kegelensis (Alichova) , which serve as reliable 
evidence of the Keila .age of the surrounding rocks. 

The study of cores from more than 50  borings shows that 
coarse organodetrital limestones form 62 % ,  carbonate mounds 
3 1 % and argillaceous limestones 7 %  of the Vasalemma For
mation. 

L. Põlma, L. Hints 

Stop 4 : 3  - Paekna (Nõmmküla) 

Aphanitic limestones (calcilutites) crop out in the thickness 
of up to 2 .  7 m in the Paekna quarry. They belong to the up
per part of the Paekna Formation of the N abala Regional 
Stage (uppermost Middle Ordovician) . 

These rocks may be characterized as light grey (white), 
slightly yellowish, within the topmost 1 m weakly weathered 
(yellowish grey), pure, cryptocrystalline (aphanitic) ,  with 
sparse fine organodetritus, thin to medium-bedded limestones. 
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Pyritized discontinuity surfaces at depths of 1 . 80 ;  1 . 8 8  and 
1 . 9 6  m from the top. 

The rocks of the above sequence are referred to shelf depo
sits of medium depth, where the influx of terrigenous material 
was limited. 

More than 50 species of fossils have been found in the Paekna 
quarry, including Nicolella oswaldi mediofida Alichova, Vel lamo 
verneuili (Eichw.) ,  Chasmops eichwaldi (Schm.) ,  Tvaerenella 
pretiosa Sarv, Cyathochitina eastata Grahn, Conochitina ro busta 
Eisenack etc. 

L. Põlma, J. Nõlvak 

Stop 4 : 4  - Urge 

Upper Ordovician limestones of the Vormsi Regional Stage 
referred to the Saksby Member of the Kõrgessaare Forma
tian crop out with thicknesses of up to 1 . 30 m in the old Urge 
quarry. 

The limestones are pure to medium argillaceous, microcrys
talline, ±ine organodetritic, light grey with yellowish stains 
(weathered) ,  thin to medium-bedded, in the upper part to 
lenticular seminodular and even nodular. The thickness of 
occasional marl bands does not exceed 3 cm. The interval of. 
0 . 30-0.40  m below the limestone roof displays at least 6 
discontinuity surfaces of different morphology with pyrite
phosphate impregnation. 

The limestones of the Urge quarry are referred to the open
shelf sediments of medium depth associated with the trans
gressive stage in the development of the basin. 

In this section have been identified: Catenipora wrighti Klaa
mann, Porambonites yigas Schmidt, Triplesia insularis (Eichw.) , 
Acanthochitina barbata Eisen.3d:: etc. 

L.  Põlma, J. Nõlvak 

Stop 4 : 5  - Lohu 

On the left bank of the Keila River, 200 m south of the Lohu 
settlement, there is an old quarry, where in its lower section 
about 2 m of limestones are cropping out. These sediments 
are considered as the upper part of the Moe Formation of the 
Pirgu Regional Stage. 

The sequence is characterized (see Fig. 1 5 ) by prevailingly 
pure, micro- to cryptocrystalline, fine organodetritic (predomi-
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Fig. 15 .  Section of the Lohu outcrop: 1 - fine 
organodetritic limestone; 2 - nodular limestone; 

3 - discontinuity surface. 

nantly algal fragments), in the lower part 
fine organodetrital, light grey, with 
slightly yellowish (in the upper part) or 
slightly brownish (in the lower part) 
shades of colour, medium-bedded 
to medium nodular limestone. A pyriti
zed discontinuity surface is observed at 
about 0. 7 m from the bottom of the 
quarry. 

The section continues immediately in a 
small overgrown quarry with an old 
lime-kiln. 50 m towards the road there is 
an outcrop of pure, prevailingly micro
crystalline, fine organodetritic, thin to 
medium-bedded, light grey limestone of a 
slightly brownish shade of colour, ex
posed in a thickness of 0 .90  m. 

0,90 
0,0 �� 
O,ZO--f 

The rocks in Lohu quarries are assigned to the regressive 
deposits of a partly isolated, relatively shallow-water shelf. 

The following fossils have been reported in the Lohu quarry: 
A ulacopium aurantium Oswald, Stromatocerium canadense Nic
hols et Murie, Plectatrypa sulevi Jaanusson, Corwchitino. wesen
bergensis brevis Eisenack, Tanuehitina bergstroemi Laufeld, etc. 

L.  Põlma, J. NõlVJ.k 

F i f t h  d a y  

This day is designed to providing a review of the Lower Silu
rian sequence in Estonia, from the Middle Llandovery (the 
Raikküla Regional Stage) to the Middle Wenlock (Jaagarahu 
Regional Stage). Special emphasis is laid on the facies and 
palaeontology of the Upper Llandovery section in West 
Estonia, which have much common with the corresponding 
sections in Scandinavia and Britain. 
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S top 5 : 1 - Laukna (Pakamägi cliff) 
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Fig. 16 .  Section of the Pakamägi Cliff: 1 -

coral-stromatoporoid limestone; 2 - calcilu
tite; 3 - flaggy argillaceous calcilutite; 4 -

laminated dolomitic mudstone. 

An ancient cliff assigned to the Yoldia 
stage of the Baltic Sea, 5 km north
east of the Koluvere castle. In the sec
tion shallow-water lagoonal dolomitic 
mudstones, calcilutites and coral
stromatoporoid boundstones from the 
middle part of the Raikküla Formation 
(Middle Llandovery) are exposed as 
follows (Fig. 1 6 ) :  

1 .  0 .  75  + m coral-stromatoporoid 
biostromal bank of a nodular structure and micritic matrix, 
composed of tabulates Parastriatopora celebrata Klaam. , Sino
poro operta Klaam. ,  Paleofovosites balticus Sok. and stromato
poroids Intexodictyon avitum Nestor, I. Olevi Nestor, Ecclima
dictyon macrotuberculatum( Riab. ) ; 

2. O . EO m - light grey calcilutite; the upper part massive, the 
lower one thin-bedded; 

3.  0 .  75  m - dirty-grey flaggy argillaceous calcilutite alter
nating with intercalations and films of dolomitic mudstones. 
The intercalations thin out progressively downwards, and the 
rock passes upwards into a laminated one; 

4.  0. 40 m - greenish grey flaggy to laminated dolomitic 
mudstone with polygonal mud cracks; 
'5. 0 . 50  m - greenish yellowish grey massive, in weathered state 
brecciform calcilutite; 
6 .  0.20 + m - greenish grey laminated dolomitic mudstone, 
the same as layer 4 .  

The rocks exposed have develop€d during one of the · first 
regressive phases of the Silurian Sea and are related to the 
first tongue of lagoonal deposits which is preserved in the 
Estonian seqtience. The section shows the transition from 
typical lagoonal deposits (bottom) to more or less normal
marine sediments (top). 

H. Nestor 
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Stop 5 : 2  - Päri quarry 
A broad, shallow quarry, 5 km south-west of the Kullamaa 
village and 1 km north-west of the Tallinn-Virtsu highway 
exposes Pentamerus-limestone of the Rumba Formation mar
king the beginning of the Late Llandovery transgression in 
Estonia. These limestones with Pentamerus ob longus are as
signed by us to the deposits of the inner part of the open 
shelf. At this stratigraphic level they are characterized by 
cyclic changes of the clay content, rock structure and compo
sitian of organic remains in the section. The lower part of a 
cycle (rhythm) is usually composed of greenish grey ealeareaus 
mudstone; the middle (and the thickest) part consists of grey 
bioclastic micritic calcarenite of a nodular or seminodular 
structure, whereas the upper part is made up of yellowish 
grey calcilutite and brownish bituminous marl. A rich assemb
lage of tabulate and rugase corals and stromatoporoids is dist
ributed in the middle part of the cycle (rhythm) ; massive ac
cumulations of Pentamerus ob longus define the transition from 
the middle part of the cycle to the upper one. Note that the 
Pentamerus accumulations are rather often composed of shells 
of equal size, which are compactly packed one into another. 

The Päri quarry, which in the publications of the 1 9th cen
tury was widely known under the name of Kattentack, serves 
as a type locality of a great variety of fossil species, par
ticularly corals and stromatoporoids. Besides Pentamerus, the 
typical species are Clathrodictyon variolare (Rosen),  Mesofavosi
tes obliquus Sokolov and Arachnophyl lum diffluens M. Edw. 
et H. 

Fiakes of the oldest Baltic vertebrates - Theladus sp . and 
Gomphonchus sp .  - have been found in that locality. 

The section offers a good opportunity for collecting corals 
and stromatoporoids which are widely distributed in the 
Upper Llandovery of the Northern Hemisphere. 

E. Klaamann 

Stop 5 : 3 - Anelema quarry 

The large Anelema quarry, 3 km north-east of the Pärnu
Jaagupi settlement, offers an exposure of yellowish dolomites 
(the upper 2 m) and greenish grey dolomitized limestones (the 
lower 3-4 m) of the W enlock J aani Formation. According 
to their structure, the rocks of the upper part of the section 
are referred to the so-called bahamitic type, consisting of fine 
pellets. 
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The lower part of the section is more argillaceous, of an 
indistinct nodular texture. Local secondary changes in rocks 
occurring near the vertical eraeks often from cream-coloured 
pockets surrounded by cherry-red impregnation. The scarce, 
poorly preserved shelly fauna is related to the bedding planes. 
It is dominated by atrypids, dalmanellids, gastropods and 
cephalopods. Microorganisms, especially scolecodonts, are 
abundant. Of conodonts V. Viira has identified Ozarkodina ra
nuliformis, V. Nestor - has determined the chitinozoans Cono
chitina claviformis, C. ef. mamil la, C. ef. leptosoma, Ancyrochi
tina primitiva and A. pachyderma. These data permit us to refer 
the Anelema section to the level of the chitinozo.an zone of Co
nochitina claviformis , corresponding to the upper part of the 
Jaani Formation. Proceeding from the macrofacies princnple of 
definition of the Silurian formations in the North Baltic, it 
seems reasonable to establish a new formation on the basis of 
the Anelema section, which will be the lateral analogue of the 
Paramaj a Formation. 

E. Kleamann 

Stop 5 : 4 - Jädivere outcrop 

West of the bridge on the Tallinn-Pärnu highway, in the bank 
of the Enge River, there is a high section of monotonous light 
grey maris assigned to the relatively deep-water deposits of 
the La te Llandovery-W enlock transgression. Benthic macra
fauna appears to be entirely lacking. Of microfossils, V. Nes
tor has iound Conochitina pro bosciJ era and Desmochitina densa. 
Pterospathodus amor:phognathoides, identified by P. Männik, 
dates the outcropping marls to the corresponding zone 
at the Llandovery-Wenlock boundary. According to some 
other data (dipping, hypsometry) the exposed section is conven
tionally referred to the lower part of the Mustj ala Formation of 
the Jaani Regional Stage. 

E. Klaamann 

Stop 5 : 5  - outcrops in the Valgu village 

Three sections at the drainage canal and in the bank of the 
Valgu River (see Fig. 1 7 )  reflect the development of the Up
per Llandovery transgression represented by an alternation 
of openshelf deposits (the Rumba Formation) with slope de
posits (the Velise Formation). 

At point 1 light grey argillaceous bioclastic Pentamerus-li
mestone of the upper part of the Rumba Formation crops out. 
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Fig. 17 .  Localities in the Valgu village. 

In the topmost part of the limestone there are abundant dis
continuity surfaces (hardgrounds). They are smooth, with 
abundant variegated holes (up to 2 cm in depth) ,  surrounded 
by intensive bluish pyrite impregnation. Frequently the abrupt 
discontinuity surface cuts the shells of Pentamerus oblongus 
buried in life position. The exposure also offers occasional 
tabulates (Paleofavosites septosus), stromatoporoids (Actino
dictyon suevicum) and trilobites (Fragiscutum rumbaense) .  The 
microorganisms are represented by occasional elements of Visto
modus staurognathoides etc. 

At point 2 Pentamerus limestone is overlain by argillaceous 
fine-nodular limestones and marls (the Velise Formation) .  The 
fauna of the latter is sharply different. A deep-water association 
occurring here is composed of a variety of brachiopods ( Steger
hynchus borealis, Pent lande lla tenuistriata, Valmanella rosen
steinae, etc. ) ,  abund ant ostracodes Beyrichia (Asperibeyrichia) 
valguensis, characteristic of the Lower Wisby marls of Gotland. 
Apatobolbina. simplicidorsata, and an extremely abundant comp
lex of conodonts: Pterospathodus ef. cel loni, Aulacognathus 
kuehni, N eospathognathodus e eratoides etc. 

The stratigraphically higher-lying beds of the Velise For
mation are exposed in the bank of the Valgu River (point 3) .  
1 .6  m of the section are built up of bluish grey thin-bedded 
marls with occasional, skeletal detritus and abundant marks 
of bioturbation. The imprints of large straight or coiled cep
halopod shells are to be met in the shelly fauna. A thin (5 mm) 
cream-coloured metabentonite layer crops out approximately 
in the middle of the section. 

E. Klaamann 
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S i x t h  d a y  

Boring sections are the main items of study on the sixth day. 
They allow to get some idea about the Estonian Lower Palaeo
zoic in the subsurface area. 

S top 6 : 1 - Karinu quarry 

A large quarry of the Rakke Lime Plant, 4 km north-east of 
the Järva-Jaani settlement. A section of shallow-water !ime
stones and calcarenites, assigned to the Tammiku and Karinu 
Members of the Tamsalu Formation (Lower Llandovery) is 
exposed as follows: (from top) : 

K a r i n u  M e m b e r  

1 .  0 .90 + m - light brownish grey laminated slightly dolomi
tic pelletal limestone. Comprises pebbles of stromatoporoids, 
biodetritus of brachiopods, bryozoans and echinoderms. Eccli
madictyon macrotuberculatum (Riab . ) , Clathrodictyon kudriav
zevi Riab. ,  Paleofavosites limbergensis Sok. , Mesofavosites bonus 
Sok. , Macleodia sp . ,  Heliolites sp . ,  Mendace lla sp . ,  Leptostrophia 
aff. compressa (Sow. ) ,  Panderadus sp . ,  have been identified. 

In the northern part of the quarry a series of discontinuity 
surfaces (hardgrounds) occurs in the middle of the bed. They 
separate thin intercalating layers of yellow calcilutite and 
multicoloured calcirudite with poorly rounded intraclasts of 
calcilutite and pebbles of stromatoporoids and corals. 

The discontinuity surfaces are coated with a thin goethitic crust 
of a reddish brown or yellowish colouring. Southw.ards the 
complex with hardgrounds thins rapidly out. It contains Pac
hystylostroma ungerni (Rosen) , Catenipora septosa (Klaam.) ,  
Protaraea sp . ,  Rhynchotrema sp . 

2. 0 .30-0.40 m - biostromal stromatoporoid bank composed of 
densely packed irregular nodular coenostea, for the most part 
buried in situ. Rounded coenostea occur also rarely. The matrix 
consists of light grey dolomitic mudstone, in the upper part of 
light pelletal rock. An even erosional discontinuity surface dis
sects the coenostea and acts as the upper surface for the bank. 
In the bed Clathrodictyon boreale Riab. ,  C. kudriavzevi Riab. ,  Ec
c limadictyon microvesiculosum (Riab.) , E. macrotuberculatum 
(Riab. ) ,  E.  pandum Nest. , Paleofavosites karinuensis Sok. , Meso
favosites sp. ,  Macleodia sp. ,  Propora sp., Acidolites sp. ,  Pandera
dus sp . ,  Trichodonella ? sp. occur. 
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3. 1 . 60 + m - yellowish white, massive Borealis bank, composed 
of valves of the brachiopod Borealis borealis. The matrix con
tains pellets and skeletal psammite in sparry calcite. Scattered 
white skeletons of stromatoporoids (Clathrodictyon boreale 
Riab . ,  etc. ) and tabulates (Paleofavosites limbergensis Sok. ,  Pf. 
paulus Sok. ,  etc. )  occur. The upper surface of the Borealis bank 
is a very uneven erosional surface, with single benches and purp
lish red goethite impregnation. 

A considerably thicker section of the Borealis bank crops 
out in the southern part of the quarry. The data of the Karinu 
boring permit to evaluate its thickness as 8 . 1  m. 

The deposits of the Tamsalu Formation exposed in their 
typical form in the present outcrop developed during the first 
remarkable shallowing of the basin at the north-eastern mar
gin of the Baltic Silurian basin. They accumulated in a shallow
water high energy environment. 

H. Nestor 

S top 6 : 2  - Särghaua field station 

S ärghaua field station of the Institute of Geology, Academy 
of Sciences of the Estonian SSR, situated near the town of 
Türi, serves for the maintenance and study of boring cores 
and different geological ealleetions (rocks, fossils) .  The buil
dings of the field station are reconstructed 1 9th-century farm
houses. At the 1ield station the boring sections composed of 
rocks formed in facies different from those of the outcrop 
area will be demonstrated. 

T h e  C a m b r i a n  o f  t h e  U n d v a  b o r i n g  

The sequence of the Undva boring (Saaremaa Island, West 
Estonia) is characteristic of the Lower Cambrian in the north
ern part of the Baltic syneclise. From the subdivisions inves
tigated in the North Estonian outcrop area we can find here 
only the Lükati Formation and the Voosi Formation a prob
able shallow-water analogue of the Lontova Formation. Bet

ween them lies the palaeontologically weakly characterized Sõru 
Formation - a typical subdivision for the north-western 
areas of the Baltic. Higher up in the sequence the Tiskre For
mation is missing - it is eroded in the pre-Aisciai time. The 
Aisciai Regional Series is represented by the Soela and Irben 
Formations. All the younger Cambrian units are eroded in the 
pre-Ordovician time. 

Description of the section (from top) : 
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P a k e r o r t  F o r m a t i o n  

2 7 1 . 0 :  sandstones with phosphatic detritus of brachiopods. 

A i s c i a i  R e g i o n a l  S e r i e s  

271 . 0 - 303 .4 :  Irben Formation - alternation of clays and 
siltstones with bioturbal structure of the « kraksten» type. In 
the lowermost part (289 . 7-300. 8 m) intercalations of brown 
ooidal iron ore, from 1 to 60 cm in thickness. The casts of 
Volborthel la, Luekatiel la, poor phosphatic fragments of brac
hiopods and small pyritized trace fossils occur. The Vergale 
assemblage of acritarchs has bE:en establishEd here. 

303 .4-345 .2 :  Soela Formation - light grey, coarse-grained 
siltstone (in the core represented mainly by brown mud).  
Grains of glauconite and muscovite, occasional vertical tracks 
of organisms in clayey intercalations filled with light silt
stone. 

L i v o n i a n R e g i o n a l  S e r i e s  

345 .2-348. 2 :  Lükati Formation - alternation of silty clay, 
pelitic and coarse-grainEd siltstones. The rocks are rich in 
glauconite. Volborthel la, Luekatiel la, and abundant trace fos
sils. 

348 .2-373 .4 :  Sõru Formation - light grey coarse-grained 
siltstone with occasional clay films and intercalations, in the 
lower part of the interval siltstone passes into quartzose 
sandstone with clay rolls. Arec:s of red and ochre-yellow 
ealour are observed; authigenous minerals reveal traces of 
weathering in the upper part. Fossils are not observed. 

B a l t i c  R e g i o n a l  S e r i e s  

373 .4-39 1 . 0 :  Voosi Formation - the lower part is composed 
of poorly sorted quartzose sandstone with pellets of kaolinite, 
which in some areas alternate with muscovite-bearing silt
stone and greenish grey clay. The upper part of the interval is 
characterized by frequent interlayering of clays and siltstones, 
and abundant trails of burrowing organisms. Occasional grains 
of glauconite, at some levels traces of a secondary oxidation 
of rocks. Fossils appear to be missing. 

3 9 1 . 0 :  weathering crust of the crystalline basement. 

E. Pirrus 
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Types of Ordovician facies 

Much of the territory of the Estonian SSR is referred to the 
eastern East Baltic structural-facies zane which falls into the 
northern and transitional subzone. The latter indudes Saare
maa Island and the latitudinal belt proceeding approximately 
between the towns of Türi and Vilj andi. South Estonia belongs 
to the western East Baltic (axial) structural-facies zone. 

All the outcrops studied in previous days are referred to the 
northern subzone. Their characteristic total Ordovician thick
ness reaches 200 m, out of which Lower Ordovician deposits 
form less than 15 m, whereas the Middle and Upper Ordovi
cian deposits are of an almost equal thickness. Tremadoc is 
dominated by terrigenous deposits comprising detritus of 
inarticulate brachiopods (as it is throughout the East Baltic) ;  
Post-Tremadoc Ordovician is represented by a carbonate 
sequence. Until the upper Middle Ordovician the skeletal debris 
of fossils is polydetritic, but higher up algal detritus prevails. 
Arenig is rich in glauconite, goethitic and francolitic ooids are 
frequent in Llanvirn. The section is practically completely 
grey here, except the lowermost Arenig beds, which are mul
ticoloured in North-East Estonia. Sediments of this subzone 
have prevailingly accumulated under shallow shelf conditions. 

In the transitional subzone the thickness of the Ordovician 
rocks varies from 75  m (Ohesaare section ) to 200  m. An in
crease in the thickness of the lower series is prominent. The 
rocks are represented by alternating assemblages of rocks of 
northern or axial structural-facies subzones or by transitional 
types of rocks characteristic of this subzone only (Ilbr.rrMa, 
1 967) .  This is accompanied by a general increase in the con
tent of terrigenous material throughout the whole Ordovician. 
In the Upper Ordovician the share of algal detritus decreases. 
The rocks of the Lower and lowermost Middle Ordovician as 
well as those of the Upper Ordovician, in part, are either mul
ticoloured or reddish brown. Sediments of the transitional 
subzone belong to the shelf deposits which have formed in the 
basin of more differentiated bottom topography and more 
intensive tectonic movements than in the northern subzone. 

The maximum thickness of the Baltic Ordovician is revea
led in the axial structural-facies subzone in the Latvia (249 .5  m 
in the Skrunda boring) (Y.rrhCT 11: ,n;p. , 1 9 82 ) .  In this subzone the 
Lower Ordovician reaches its maximum thickness (up to 
100  m), the above-lying twO series are of almost equal thick
ness. The rocks with a few exceptions are from hard argilla
ceous to pure clays. Detritus of different systematic groups of 
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fossils is considerably rare. In the Lower and Upper Ordovi
cian there occur a few levels with monodetritus (trilobites). 
The same part of sequence yields thick intervals of red-colou
red rocks. The deposits of axial subzone have accumulated in 
the open shelf enviroment the bottom of which remained be
low the level of active water exchange from time to time 
(formation of graptolitic argillites) .  

L. Põlma 

Types of Silurian facies 

The Silurian in Central Estonia and on Saaremaa Island is 
referred to the eastern East Baltic structural-facies zone; in 
South Estonia (the boundary proceeds along the Pärnu-Tartu 
line) we assign it to the western East Baltic structural-facies 
zone. The main difference between these zones lies in the pre
valence of inshore shallow-water deposits in the former, and 
deep-water deposits in the latter. The latter offers a more 
complete section and is characterized by increased thicknesses 
of stages. Thus, e . g. the thickness of the Lower and Middle 
Llandovery increases 3-4 times (the thickness of the Juuru 
Regional Stage is about 20 m in the outcrop area, in the south 
it reaches 60 m; for the Raikküla Regiostage these values are 
35-4 0 and 1 7 0  m, respectively) . The same picture may be ob
served for the Upper Wenlock, whereas the Upper Llandovery 
and Lower Wenlock are more stable on our territory. It should 
be pointed out that maximum thicknesses are associated with 
slope facies (e. g. the Raikküla aphanitic limestones with in
terlayers of graptolitic argillites in the Ikla section, South 
Estonia) .  However, the transition to deep-sea depressional 
facies is accompanifd, as a rule, by a decrease in the thickness 
of deposits. This can be especially clearly observed in the 
Middle Llandovery, the thickness of which reaches 150  m at 
the border of the Estonian and Latvian SSR, whereas in the 
environs of Riga it does not exceed 10 m (in both cases the 
boundaries are dated by graptolites) .  

A detailed description of facial differences in deposits by 
facies zones was given in Chapter 1 . 3 . in connection with the 
facies-sedimentary and ecolagieal models. For that reasan they 
are not dealt with here any more. 

In the Särghaua field station the main attention will be paid 
to problems coneerning both the facies and stratigraphy of the 
Upper Silurian. The cores of the Kaugatuma and ühesaare 
boreholes will serve as the prime subj ects of study. The limi-
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ted volume of this guidebook does not allow us to describe the 
sections in detail, and therefore here only the stratigraphic 
subdivision of the above-named sections is presented (the 
depth of the bottom of the unit is given in m) :  

Regional · Stage 

ühesaare 
Kaugatuma 
Kuresaare 

Pa ad la 
Rootsiküla 
Jaagarahu 
Jaani 
Adavere 
Haikkül a 

.Juuru 

ühesaare boring 1 + 2 Kaugatuma boring 

0,04-4 . 1  (2) 0 . 5-37.2 

1 . 7-67.7 ( 1 )  57.6 

95.1  82.0 

1 1 8.4 1 1 4 . 2  

1 55 . 1  

300.0 

345.8 

372.7  

4 1 0.0 

437.7 

CONCLUSIONS 

D. Kaljo 

The Estonian Lower Palaeozoic has been considered elassie 
since the end of the last century. It exhibits a well-preserved 
sequence, which is practically neither metamorphosed nor 
faulted, and contains an abundance of fossils. And the 
most important thing - it has been subj ected to detailed 
studies. 

After World War II investigations were started at the Insti
tute of Geology of the Academy of Sciences of the Estonian 
SSR and the Board of Geology of the Estonian SSR, as a result 
of which Estonian geology rose to an entirely new level. 

All the preceding generations of geologists had mainly relied 
upon the data ohtained through the study of outcrops, and for 
this reasan they had to confine themselves to linear geological 
observations performed in outcrop areas of stages (see geologi
cal map, Fig. 2 ) .  The mapping of the territory and the associ
ated extensive boring programme performed by the Board of 
Geology of the ESSR enabled the geologists to proceed from 
« linear»  or « outcrop» geology to « spatial» or «hasin» geology. 
It stands to reason that such a profound change brought about 
renovation of both stratigraphy and palaeogeography as well as 
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all the other regional aspects of Estonian geology. It furnished 
also a basis for the ecostratigraphical studies being purposefully 
developed at the Institute of Geology in recent years. For the 
Board of Geology it has contributed to prospecting extensive 
new oil shale and phosphorite deposits. 

Some results of these activities will be demonstrated during 
the present excursion. 

D. Kaljo 
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Путеводитель содержит краткий геологический очерк Эстонской 
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курсий. Рис. 17, библ. 29. 
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